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LOI NOI PAU

Thuong mén hoc "Hod Iy" gém ndm phan chinh: Cdu tao char, Nhiét déng hoa hoc,
Bong hea hoc, Dién hoa hoc, Hod Iy cdc hién tuong bé mat va hod keo. Trong ndam phan duoc
néu ra, phan nhiét déng hod hoc duoc hinh thanh sém nhdr. Nhiét déng hoc lai bao gom nhiét
dong hoc kinh dién ra doi trude, nhiét déng hoc théng ké va nhiét déng hoe cdc qurf trink bat
thudn nghich xudt hién mudn hon. Hién nay, nhiét déng hoc théng ké va nhiét r:Icfrng J';ﬂ-:' clc qud
trinh bdt thudn nghich duge trinh bay nhw cdc chuyén dé.

Bd ui lau nhiét dgng hod hoc €6 img dung réng rdi trong hod .fmc, Iu}*fn I:mt ky thuadt

nhiét va trong nhiéu | inh viee khoa hoc va ki thudt khdc. Ap duug m'uér d&ﬂg hod hoc trong
cong nghé san xudt hod hoe cé dnh hudng lon dén phdt trién céng ﬂg_l_’li.fp hod hoc. Nhu edu vé
gido trinh hod Iy cho cdc sinh vién cao ddng, sinh vién dai hoe, ﬁ@:‘r:ﬂ_'ﬁén cao hoc va nghién ciiu
sinh la rdt lon. 75

Quyén sdch nay duoc viél ra tridc tién la cha_éﬁi’i‘rkﬁ" sut tuwong lai nén, trong gigi han
cho phép, tdc gid cé tranh su tritu tuong, trénh r;:‘;;ﬁ,f:fﬁ;: ndang phdn Iy thuyét vi nhiéu khi bdn
chdt ctia vdn dé va y nghia iing dung ciia né f:::? whé bi khudt di sau hang loat cdc ddn dat todn
hoc, cdc céng thitc va cdc phuong trinh. Tf.'a_g ﬁ_iy, co 56 1 v thuyét viing chdc duoc trinh bay dé
hiéu va van dung nhiét déng hoc u&ﬂ__-gilff-:qruyélf nhiing vin dé thuc tién. Do dé trong méi
chiong cé cdc bai tdp mdu va vi du cli the gitip cho ngui doc, sau khi hiéu duge phdn 1y thuyét,
qua dé cé thé biét cdch van dung ngay nhitng diéu vita ndm duoc. Kinh nghiém gidng day nhiéu
ndm cua tdc gia cho sinh vﬂﬁj';_',-imc vién cao hoc, nghién ciu sinh Khoa Cdng nghé Hod hoc,
Khoa Luyén kim Truing ﬂﬁr}mc Béch khoa Ha Néi, 5 ndm gidng day tai hai truong dai hoc &
Tizi-Ouzou va Blida, Alg.-éi'fé cho thdy nguoi hoc chi ndm duoe chdc vin dé va biét vdn dung
hod Iy khi nr gidi ;_lffiﬁig bai tdp (sau méi chwong cé dé bai tap va ddp s6 kém theo) va lam
nghiém tiic ¢d :.'1;:_';! fight nhitng thi nghiém hod ly. Trude kia tinh todn hod Iy doi hdi nhiéu thoi
gian, nhung bdy gio ky thudt tinh todn dd o trinh dé cao hon hdn nén, véi mdy tinh khoa hoc bé
tiii, c6 thé gidi quyét duge nhiing bai todn hod 1y théng thuong. Chinh vi vdy ma trong gido
trinh nay da khéng trinh bay phwong phdp Shvartsman-Tiomkin dé tinh nhanh tich phan th mmg
g2dp trong cac sdch Lién X&cu Déi vai nguot hoc, mot bai tdp duge tw gidi bé ich hon nhiéu cdc
bai tdp duge giai san. Céc 56 liéu nhiét déng cdp nhdt (cé chi ra nguén géc) dé tinh todn dugc
duwa ra trong phu luc B. Khéng nén coi cdc 56 liéu duoc dua ra chi mang tinh chdt minh hoa vi
co thé diing chiing dé tinh todn gidi quyét nhiing vén dé cu thé. Ba nhiéu nam trong hod hoc néi
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chung va trong nhiét déng hoc néi riéng cé su khéng théng nhdi quy udc vé ky hiéu va vé ddu
cde dai lwong hod Iy nén ¢ ddy quy wéc duoc 1y theo Lién hiép quéc 16’ Hod hoc Ung dung va
Thudn tuy — International Union of Pure and Applied Chemisiry duoc goi idt la IUPAC. Cdc
dai ligng hod Iy thiong dioc ky hiéu bang chii cdi La Tinhhode Hy Lap nén trong phu luc C
con dita ra bdng chit cdi Hy Lap véi cdch viét in, viét tay va cdch doc. Ngoai ra, trong phu luc

A con dua ra nhiing dai liong vér Iy co bdn va don vi do chiing, trong phu luc C - cdc hing s6

hod Iy thudong gdp, twong quan giita cde don vi do ndng luong khdc nhau va cde tién 16 thiecng
ditng . Phdi néi rang trén thuc 1¢ calo vén dupc ding réng rdi dé do nhiét song song véi jun
mdc dit 6 thé chuyén doi giita hai loai dom vi nay nén cd calo va jun déu duoe diing 1 rong gido
trinh. DE gidm bot kho khdn trong viéc tiép thu cét 16 cia van dé chi dénh s& cée c:eﬁhg thitc co
bdn va bo qua ddnh sé cdc céng thiic ddn xudt. Cén doc ky phdn ma ddu .:Ie mfm efidc nhiing
khai niém, cdc ky hiéu va quy wéc vé ddu ding trong hod Iy, néi chung, va rrmigwfhrer dong hoa

b Y

hoc, noi riéng.

Xin chdn thanh cam on TS. Trdn Thi Thanh Vén, cén b ug’?uén ﬂ?ﬁ V:En Ky thudt nhiét
doi thuge Trung taém Khoa hoe tw nhién va Céng nghé quéc giay fnfn Vidn Anh, gidng vién Bo
mén Hoda ly Khoa Céng nghé Hod hoc Truong Pai hoc Bﬁffhﬂmd Ha Ngi da doc bdn thdo va
déng gop nhiéu y kién quy bdu ciing nhu ddng vién va, gmp A trong qud trinh viét gido irinh
ndy. Gido trinh cé thé cé nhitng thiéu sét va m*:m:g ;.= ‘J‘néﬂ dong gop xdy dung cho gido trinh
duge 16t hon xin giti theo dia chi- 3 &

Nha xudt ban Khﬂﬂ H-;?c u-:i Ky thudt

70, Trdn Hm:g Bao — Ha Néi
va tdc gid sé rdt biét on vé nhitng y kl-ﬂ'ﬁ -:ir?
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Nhiér dong hoc nghién ctu nhimg dinh Iuat chi phéi su trao ddi ning luong, dic biét 1a
nhiing dinh luat lién quan dén sy bién déi nhiét thanh dang nang lugng khéc. N6 c6 ting dung rit
quan trong trong hod hoc vi khéng nhiing cho phép dénh gid hodc tinh todn ning lugng trao doi
trong mot phén ing, nhir chiing ta s& thdy, ma con cho phép nghién cifu sy tién trién clia mot
phan itng, hudng va gidi han dién bién clia mot qua trinh. Ta xét nhiét dong hoc kinh dién. N6
dua trén ba dinh luit hodc con duoc goi 1a ba nguyén 1y dugc thiét 1ap, xudt phat tir cic dir kién
thue nghiém. Cin phai nhin manh rang nhitng dinh luat d6 khéng ¢ chimg minh ma duge ludn
cif béi tinh logic cia cdc hé qua nit ra tir chiing ma kha niing tién dodn da duge thue ﬁl’n&m XAC

nhan. Ta bt ddu bang cdch xét chinh xdc cdc thudt ngit v nhilng quy udc du':’ﬁ{_ thuan khi

nghién ctu phin nay. ‘%R »
\ “%
NHUNG KHAI NIEM CO BAN, PINH ﬂ}m
VA NHUNG QUY UGC DUNG TRONG NHIRT BONG HOA HOC
1. NHUNG KHAI NIEM CO BAN VA DINH NGE:IL o
s
a) Hé va moi truong bén ngoai ‘i‘i =
o

~ Hé la mot vat hodc mot nhém va ﬁ;ﬁ ra trong ¥ nghi hoiic bing bé mat chia
cat dé nghién cifu vé mit 1y thuyét hodc thy iém. B& mit chia ciit ¢6 thé 1a bé mit thue hoic
trong tri tudng tugng. Phin con lai ngoai h@ mat chia cit duge goi 12 mdi triedmg bén ngoadi. Néu

qua bé mat chia cit c6 thé co sir trao J‘\Eﬂﬁft gitta hé v6i moi trudng thi hé duge goi 1a hé mo,

nguoc lai, hé duoc goi 14 hé kfn.;\fﬁﬁ nhu khi chifa trong moét binh day kin 1a mot hé kin. Khi

nghién citu phin nay ta sé ch'}xéy:]’ﬁc hé kin. Hé khong c6 bé mat chia cat gilta cdc phidn khac
nhau cua né dugc goi la h 6 thé, nguge lai, néu ¢6 bé mit chia cit nhu vay, hé dugc goi 1a di
thé. Néu qua bién gidi.ciahé¢ khong thé c6 su trao doi nhiét hodc, néi cich khic, sy trao doi
nhiét bi cdm thi h e co Idp vé nhiét hodc dﬂaﬂ nhiét, con néu khong thé c6 ci su trao déi

nhiét va ca su ﬁfm ﬂ"ﬁB’ chat thi hé dugc goi la hé cé ldp.

_ Pha lﬁ tap hop nhimg phén déng thé cha hé c6 cling tinh chét hod v ly Hé gbém nudc
16ng va nuéc rin (bing, d4), khong phu thude vio viéc nudc rin & dang mot cuc 16n hoac nhiéu
cuc nho, gém hai pha. Pha gém mot chét duy nhét duge goi 1a pha don gidn hoic pha thudn

khiéi. Pha chia hai hodc nhiéu chét duge goi 12 pha hén hop. Qua day ta ciing thdy c6 thé dinh

nghia hé dﬁri;g thé la hé gém mot pha, con hé di thé la hé gom tir hai pha tro lén.

L o8 |
.\_.l
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b) Bién sd trang thdai

Thuc nghiém cho phép tich ra mot s6 thong s6, ma biéi ching, di dé xdc dinh hé
nghién citu va cdc trang thdi khic nhau ciia hé. Nhiing thong s6 nay la cic bién 56 nlhiét dong
va la dai lugng vi mo. Nhiing dai lugng cho phép xdc dinh trang thdi cia hé dugc goi la cdc bién
56 trang thdi. Nhitng bién s6 trang thdi thudng dugc ding hon ca trong hod hoc la: dp sudt p,
nhiét do T, thé tich V, thanh phdn clia hdn hop (duge biéu dién, vi du nhu bing 4p sudt riéng
phin p;, phin mol trong pha hoi y, phin mol trong dung dich x hoéc ndng do cic thanh phin clia
he dugc biéu dién biing cdc cdch khédc). Ngudi ta phan biét hai loai bi€n s6 trang thai:

— Bién 56 dung tinh hodc qudng tinh ty 1€ vGi lugng chéi (hodc kich thudc cijg{hf;t], vi
du nhu thé tich, khdi lwong. AN\

1 o e i
Gi4 tri bién s6 nay ciia he bing téng cic gid iri thude vé cdc phin khﬁ%ﬁ:ﬁau cha hé. Vi
du nhur ¢6 thé téch 2 lit nudc thanh hai phdn ma mdi phdn 12 mot 1t thi thé tich clia hé bing tong
*-"-'..h, 1

thé tich ciia hai phédn, nghia 1a 1 lit + 11it = 2 lit. g

" N 4

— Bién sé cuomg tinh khong phu thude vao lugng chit. Eggﬂﬁﬁﬁrl&t do T, ap sudt p, do
nhét 1, chi s6 khic xa n, néng d¢ v..v... Nhiing dai lugng nay ﬁ:’ﬂa tinh cia chét, vi du nhu khi
ta chia hai lit nuéc thanh hai phén, méi phan la 1 lit thi n}iil:ﬁﬁﬁcﬁa mé&i phin vin nhu cil.

¢) Phuong trinh trang thdi: su phu Ih!{ﬁﬁi%! nhau ctia céc bién sé nhiét dong

Quan sét cdc hé khic nhau & céc tran ’{Qﬁh ’E}.fing ¢6 thé c6 khic nhau cho thiy cdc
bién s6 nhiét dong mo ta he phu thude vao nﬁg;:&]]ﬁng lien hé v&i nhau bdi cdc phuong trinh
duoe gt;-i' 1a phuong trinh trang thdi. Vi dﬁﬁ% stf ¢6 n mol khi (bién s6 dung tinh). Néu c6 dinh
s¢ mol n, thé tich V va nhiét do T thi éﬁ:éuwﬁ'ip duge xdc dinh vi 6 mot hé thitc dang p = f(n, V,
) cho phép bidu thi V 13 ham ciiahp va T hogc T 12 ham cia , V VA p V..v..., ¢6 nghia 1a ¢6
thé biét hoac tinh bét k¥ mot tmh'”gr&: niio khic. Ching han, nhu d&i véi khi 1y tuong, thé tich V

ctia hé dugc cho bdi ph f_'
: Vg

. ‘:u.:e"r == } - - "
% p
! {T_ o

d) Ham trang thdi

~ Ham trang thdi la truong hop riéng cua phuong trinh trang thdi. N6 biéu dién mot
bién s6 trang théi ma khi c6 sy ién trién trong h¢ thi biéh thien ham gén v6i sy tién trién d6 chi
phu thudc vao trang thdi ddu va trang thdi cudi. Vi du: Thé niing 12 ham mot trang thdi. That vay,
xét mot Vit co khai luong m chiu tic dong clia trong trudng va dugc dat & do cao h,; so véi mét
ddt. Trang thai I ditoc x4c dinh bing gid tri h, cla bién s8 trang thdi h va thé nang U, ding v&i
trang thdi d6 bang: |

U, = mgh, +k,
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trong d6 k 12 mot hing s6 c6 thit nguyén nang luong, con g 13 gia téc trong trudng. O do cao h,,
trang thdi 11, thé nang U, ¢6 biéu thic dang:

Uz = mghz + k
Hiéu giita hai th€ ning bing;
U,-U = mg(hz _hl)
va hiéu nay chi phy thuéc vio do cao ciia cdc diém 1 vi 2 va kﬁﬁng phu thude vao cdch di
chuyén tir do cao h, sang do cao h,. Ngugc lai, cong ding dé di chuyén vat tir trang thdi [ sang
trang thai Il khong phai 14 him trang thi, vi né phu thuoc vio dutimg di tir trang thdi [ sang trang
thai II. ‘ {:\

~ Cac tinh chdt todn hoe ciia mot ham frang thdi

Néu mot ham trang thdi F 13 ham cia hai bi€n s6 x va y thi l:mng@:éfn ddi vo cling

nho bién thién dF 1d mot vi phéin toin phdn chinh xdc. Diéu nay duqc‘ﬁ dién bdi biéu thiic

Ei| dF _[.ELF] d (.@E é Q
1. = A X+ | i
trong dé: |

oF . : Q} : 1 oF
—— ] dxla dao hiam riéng phén ctlia o x khi y 14 hang, con éy_ dy 1a dao ham

¥
clia F theo y v6i x Ia hing. Céic tinh chas{?

Sau:

e trung cia vi phan toan phin chinh xdc dF

+ Gid tri tich phip.c __._"'-'_ u thudc vao trang thai ddu vA trang thai cuéi:

Trang thai 11

I % = F [Trang thai II (x,, v,)] ~F [Trang thai I (x,, y,)]
s b

{-"ﬁ hé trai qua mot qué trinh kin (chu trinh) thi:

‘JdF(th F‘(Tr@ng théi IT) — F (Trang théi I) = "J.

Cu6i ciing la néu dF Ia vi phan todn phén chinh xdc thi hé thic sau day phai dugc thoa

man: |
d [SFJ 8 {aFJ
= (1.1}
By ax ¥ 5‘:{ aj’ X
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Heé thie (1. 1) c6 thé duge ding dé kiém tra xem mot hiim s6 ¢6 phai 1a ham trang thii
hay khong.

e) Cdc dang ndng luong khdc nhau; thit nguyén; quy udc vé ddu khi trao ddi
ndng lugng gilta hé va moi trudng

C6 thé giip ning lugng trao ddi gitia hé vi moi trudmg bén ngoai & dang khic nhau: co
ning, nhiét ning, dién ning, ning luong bifc xa v..v... Nhiing ning lugng nhu vay c6 thé chuyén
déi tryc ti€p tir dang nang luong nay sang dang khdc. Ta s€ ky hiéu nhiét bing Q, con cong -
bang W. Thit nguyén cta cong la jun [IJ =10’ ﬁrgli Don vi dac biét thuemng duge ding dé do
nhiét niing 1 calori (thudng dugc goi tat 1a calo). Theo dinh nghia, calo 1 lugng nt@?ﬁh thiét
dé ning nhiet do cha | gram nude i 14,5° C 16i 15,5" C. Mot calo bing 4,1 ¥ ude vé
dau trong qud trinh trac doi ning lugng gifia hé va moi trudng nhu sau: : a0 doi nang
lugng & dang nao di ching nita véi moi truong bén ngodi thi ning luun an dugc co diu
duong +, con nang lugng hé nhuong lai ¢6 diu dm — nhw duge m:nl@ mh 1.1

Nhu vay Q va W Ia cic dai luong dai s6. Vi du nhu gid g cia (Q c¢6 nghia 1a hé
nhan nhiét, con gid tri 4m cd nghia 1a hé toa nhiét, twong div duong néu moi truong
tién hanh cong doi vai hé {cnn ndi la hé nhin cong) va %igiaﬂ% néu hé tién hanh cong doi vdi

'moi trudng bén ngoai (con ndi la hé sinh cong). {Z'j‘:\,j

Méi trudng

luong 1a duong Nang luong 1a 4m

a) He n%n@@ luong ~ b) Heé nhuong nang luong

QQ W >0 W<0
@ Q>0 Q<0
Hinh 1. 1 Quy wdc vé ddu trong qud trinh trao doi ndng luong
f) Khdi niém cdn bdang va bién doi ciia mét hé
— Heé §cin bing
Mot hé & cin bang nhiét dong khi céc ‘gid tri bién s0 trang thdi & moi diém cia hé 12
nhir nhau va giff nguyén gid tri khong thay déi theo thdi gian.
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— Su bién doi mot hé

Khi mot trong nhiing bi€n s6 trang théi clia hé & irang théi can biing thay doi thi hé do
bi bién déi va dat mot trang théi cin bing mdi duge dic trung bang cdc gid tri bién sO trang thai
cAn bing mdi. Néu qua nhiéu bi€n déi hé tr& lai trang thdi ban ddu thi ngudi ta néi hé di qua
mat chu trinh hoac hé da qua mot bién ddi kin. Néu bién d6i duge thue hién &

+ nhiét do khong déi T = const thi bi€n déi duoc goi 1a dang nhiér
+ 4p suit khong déi p = const thi bi€n déi dugc goi 1a ddng dp
+ thé tich khong d6i V = const thi bién déi dugc goi 1a dang tich

+ diéu kién khong c6 sy trao déi nhiét thi bién doi dugc goi 12 dean nhiét r"“j { »
~ Bién déi thuin nghich va bat thuan nghich ﬁ:.,%
“E‘“‘—t—:-?.

Néu hé chuyén vo ciing cham tir mot trang thdi cin bing sang m%‘ir:;ng thdi can bang
khdc qua hang loat cdc trang thii cAn bang thi bién doi duge g{}gjﬁ Ih_égimﬂghmh O hai trang
thdi cén bing ké nhau nhw vy cdc gid tri bién s6 trang thdi chi r.h&;g dﬁ’nhﬁng dai lugng vo ciing
nho va bao gid ciing b thé trd lai trang thii cdn bing trudc dq,ﬁﬁu;ﬂ mot su thay déi vo cling nho
cdc bi€n s6 trang thdi. Mat khdc, & moi thoi diém, cic 1&( §€ trang thdi clia hé (vi du nhw dp
suit) chi khic mot cdch ngiu nhién cic bién s clia mﬁiﬁﬁmng mot dai luong vo ciing nho. Cin
luu ¥ 14 bién ddi thuin nghich 14 trudng hop 1y mm Ramng thuc hién duge trén thuc t€ vi bién
doi nhur vay 1a vé ciing chdm. Ciing c6 thé nuwi'ﬁn ﬂfm qud trinh nhiét dong hoc thudn nghich la
mot qué trinh ma hé c6 thé trd lai trang tmﬁﬁ ddu ma khong 1am cho moéi trudng bén ngoai
thay ddi gi. Trong trutmg hop nguoc la}ﬁqu& trinh duge g{:}i 1a bdt thudn nghich.

“!.- .
2. THUAT NGU VA CAC KY HIEU
\
Vi trong nhiét d&-ngﬁc khong xét vin dé co ch€ clia mot bién ddi néi chung va ciia mot
phan 1ing hod hoc, néi rﬁ/ﬁ, nén cdc phuong trinh mo té cdc qué trinh chi lién hé véi trang thii
ddu va trang thai cy&:}rﬁng ngoic kém theo mé: cong thitc hod hoc ciia mot chit con chi ra

dic trung tra Fl’,%.r’*ﬁf&t 1y clia chit d6. Vi du nhu duGi cong thic H,0 (E') ta s& hiéu 1a nudc
16ng dudi dp suit bing 1 atm, néu khong néi gi dac biét thém vé 4p suét, nghia 1a & diéu kién

inh thudng. O day chi dua ra cdc dai luong thudng gip nhat va thit nguyén do dai luong tuong
ing. |

Ky hiéu Tén goi Pon vi do (chi yéu theo SI)
A Thé déng nhiét déng tich (ham Helmholtz) J
C Nhiét dung mol cal mol™ K™ hoc J mol K™
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C S8 cdu 1
G Nhiét dung riéng calg'K™ hoacJg 'K
e Néng dd mol mol Ift™" hodc mol m™
E Hing s6 nghiém soi K kg mol™
F Hiéng s6 Faraday Cdlg™ hoic C mol™
f  fugat (Pahodc atm) | 1
f S8 (do) bac tr do 1
G Thé déng nhiét ding 4p (him Gibbs) (J)
g Gia tdc trong trudmg
H Enthalpy
h Hing s6 Planck
K, Hing sé nghiém lanh
K Hang s6 can bang
K. Hang s@ cin bang trén co sd c/c” 1
K, Hang s& cin bang trén co s& py/p” khi cdn ph%& 1
biét véi K,
KoKy  Hing s6 can hﬁng trén co sd phdn mol \L I
dung dich long va khi tuong ting
K, Hing s6 cin bang trén co sé s@ 1
K, Hiing s Henry }{ Pa
kg Hiing s6 Boltzmann Q’:\ J K™ (phan i)™
L Nhiét chuyén pha m@ cal mol™; kcal mol™; J mol™
¢ Nhiét chuyén pha &eﬁg cal g™ hoic keal kg™, J g™
M ' ' g mol™" hodc kg mol™"
m mol g™' hodc mol kg™
m kg hodc g
n - mol
Mo o S 1
N, 36 Avogadro | mol ™'
Pi Ap sudt riéng phdn ciia ciu tir i Pa hoac atm
P Ap suiit tdng cong Pa hodc atm
Q Nhiét J hoac cal
R Hiing s6 khi - J K™ mol™ hoiic cal K™ mol™’
S Entropy . J K™ hodc cal K™
T Nhiét do nhiét dong hodc nhiét do tuyét di K

R o i P s B = L
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t Nhiét do bach phan hodc nhiét o Celcius
t Thoi gian s, min', h™
U Noi néing § hoic cal
Vv Thé tich m" hodc £ (lit)
v Thé tich riéng m’* kg™’
X Phén mol clia ciu tir i trong pha 1ong _ K
Vi Phéin mol clia cdu tir i trong Khi 1
W Cong ti€én hanh déi v6i hé J
Cong hitu ich, nghia 12 cong toan bo trif di cong
W' chéng dp sudt bén ngodi (nghia la tr cong dan J
no) -(\ |
o Heé s6 diin nd ba chiéu (h¢ s dan nd 1ip phuong) \66
¥ He s6 hoat do 7, = ajc; Y, = a/m; ¥, = a/X %
Y Hé s6 fugat y = f/p 0% 1
Y Ty 56 C, chia cho Cy O— 1
Bi&n thién hitu han ciia mot tinh chét (gia tri
a duong c6 nghia 1a ting) - @
n D6 nhét \kp kgm's'=Pas
1! Thé hod A J mlﬂ:l
p Ty khéi kgm™
¢

2-Hoa Ly NB

S6 pha \XQ ) 1
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Chuong 1

NGUYEN LY I CUA NHIET PONG HOC
VA AP DUNG NGUYEN LY NAY VAO HOA HQC

1. 1. PHUONG TRINH TRANG THAT CUA KHI A
i, 1.1 CAC TRAN{, THAI I{HAC NHAU CUA CHM é”‘“

R A e

™\
Ciéc hat hod hoc ( nguyén tir, phin (i, ion v..v...) cita mdt chit tx@i‘;}c v&i nhau vdi
miic do khéc nhau tuy thudc chét & trang thii rin, long hodc khi.

_I-'Lﬂﬁfcﬁiﬂ-i{&!l Khi ha nhiét dé cia mét vat t6i nhiét do
tao nén vit dé duge xép dat theo mot trit ty hinh hoc xac din
do bi han ché. Mai hat chi c6 thé dao dong xung quanh w@
cdc hat mot cdch tuong déi cing chic va hé & trang

két. KEt qua m i;e:l két glﬁa cédc hai thubqgm}r *n bi phd v& vﬁ tdi tao. Cac hat cnﬁ thé thm: hién
chuyén dong tinh tién, quay hoic dao dé Chuug c6 thé dich chuyén, nhumg dich chuyén nay
bi han ch€ do ti€p xic vdi cic hat Kh% két qua Ja cdu wriic ¢6 tinh quy luét bi phd v&. Khi d6

vat & trang thdi long. Ciing nhu i, chuyén dong trong 16ng 12 chuyén dong nhiét va hén
don, nhung di Ehﬂ}’lén phéin rong 1ong nho hon 12 trong khi. Khac vdi cdc vat rin, khi cic 16p
long dich chuyén, khon ) din héi nén trong 16ng chi ¢6 cac luc ma sit bén trong tic dong.

Nhimg dir liéu thu dg\c}]@g nhitng ndm gén day cho thdy, vé mdt cdu tric chdt long gan vai

vdt rdan hon la *.{:} :
Tr i. Néu tiép tuc ting nhiét do ctia vat thi tic dong cla nhi¢t manh dén miic

sl b

[ R

cdc hat thuc € tr& thanh doc lap v6i nhau va hé & trang théi khi.
_Trang-thdi-plazma. Néu ning nhiét do ctia moOt chat khi t6i vai trdm nghin do thi sy va

cham giira c:g;i;ét khi manh dén mifc cdc nguyén tir hoic phan tr mt di céc electron ctlia chiing.
Khi dé ta c6 mot plazma gém céc hat nhan va cdc electron ma c6 thé coi la trang théi thi tu ciia
chét. Trén trai d4t trang thai nay 1a trang thdi dac biét, nhung né thudng xuyén ton tai trén mat

trosi.
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Khi Ly tudyg. Khi 1y madng 12 mot mo hinh c6 tinh gia thigt. Khi I¥ tugng cé nhiing tinh

chét sau: i
— Khi gém cac hat so dang doc 14p, cde chét diém, c6 khéi hrong xdc dinh.

— Cic hat hod hoc ludn ludn & trang thii chuyén dong, ngay ca khi toan bo khi khong
chuyén dong.

Va cham giiia cdc hat 13 va cham dan héi. Chi khi va chgni mdi co luc tiép xic, con khi
cac hat ¢ cdch nhau thi cic hat khong tuong tic véi nhau.

Doi vai khi thuc, luc tuong téc giita cdc hat 12 y&u va trd thinh déng ké & trang thdi long
va trang thai rin.

\"
i. 1. 2 PHUONG TRINH TRANG THAI CUA KHI LY TU{JN& ,.%

Mot khi ly tudng tudn theo nghiém ngit cdc dinh ludt sau da g batky vung nhiét
do va 4p sudt ndo. K

a) Dinh ludt Charles, dinh ludt Gay—Lussac va :ﬁ@zﬂ Boyle Manaﬁe
Xét mot luong khi m & trang thdi I va II. Viéc chgy trang thai I sang trang thai II
dugc tién hanh: "

Qua nghién citu thuc ng['uém vé s@ tht% tich V 12 ham ciia nhiét do, Charles da
ratra 1a, & dp suﬁt khﬁng -::hi’u1 thé tich cu&, ¢6 khoi lugng m lha_',r déi tuyén tinh theo nhiét do

theo he Ehﬁ'E

Cii Q&VI Vi (1 +at),
“ I %% " . a ¥ +
trong d6 hé s ti 1¢ o = nghia la khi ting nhiét d6 cta hé lén 1 do thi thé tich cia khi

2'{%\@; .

— J dp sudt khéng doi p cm::-rr qud rngg} g dp.

S0 |
Ii’mg 1én 273, 16 @:\ﬁj ctia né & 0°C. Néu t, = 0°C thi khi ting nhiét do tirt, dén [, 1a co:
Cf} . ; S (2?3,15“2)
] - + = -
7 T i

Dt 273,16 + t = T thi T duge goi 1i nhiét do my._s“'f doi hodc nhiét do Kelvin. T biéu dién
nhiét do tuyét doi va duoc ky hieu 1a K va ding ky hiéu ndy, c6 thé viet:

T,=273,16+1, , T,=273,16K
Binh luat Charles dugc viét lai nhu sau:
V, 'V,

_____.__kT

T, T,
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Dinh luat Charles néu 1én méi quan hé gilia thé tich va nhiét do tuyét d6i dugc biéu dién
trén hinh 1. 2. Bing thuc nghiém Gay Lussac di thiét lap dugc dinh lujt cung loai nhu dinh
lut Charles cho trudng hop su thay déi dp sudt 1a ham cha nhiét do T khi thé tich V khong doi.
Khi nhiét do thay déi tirt, dén t, vanéut, =0, ta co:

Ree e
L B T

— O thé tich khéng ddi V = const, qua trinh dang tich

P (2?3,16+t1)
P2=P1 59316 2 P:=P\ 797316
Lai dilng dinh nghia vé nhiét do tuyét doi, nghia 12 273,16 + t, =T, lm:mg tu nhu trudng
hop xét dinh luat Charles, c6 thé viét

P Py W

TRE " é{:\

Quan hé giifa 4p sudt va nhiét do tuyét doi khi thé tich khong d&;‘:f% thé dugc bién dién
bing d6 thi nhir dugc dua ra trén hinh 1. 3 Q\y

&’ T
@ 1. 2 Biéu dién dinh ludt Charles trén dé thi.

— O nhiét ds khéng déi T = const, qud trinh ddng nhiét

Theo dinh luit Boyle—Mariotte: & nhiét do khong déi, d6i véi mot khoi lugng m cua khi
1y tudng, tich cia thé tich ma khi chi€m véi dp sufit ma khi tao nén la mot hang s&, nghia la:
P‘ﬂl'r = k’r = const

Trén d6 thi 1.4 dinh luit Boyle-Mariotte dugc biéu dién bing su phu thudc
pV = k; 12 ham clia p va két qua la nhan dugc nira dudng thing song song vdi truc dp sudl, con
khi p 12 ham cia V thi ta c6 nhdnh hyperbol can.
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Hinh 1.3 Biéu dién dinh ludt Gay-@

.3 S
" 5{&
N

l%h.q)il Biéu dién dinh lugt Boyle-Mariotte:
Q\ a) kylahamp ; .
OO b) pla ham ciia V.
b) @ﬂng trinh trang thdi cﬁa khi Iy tuong < ¢V - oR]

Xét ba trang thdi cia mot khéi lugng m khi 1y tuong. Ta sir dung cdc dinh ludt clia khi
Iy tudng khi c6 sy {:hu},réu tir trang thdi nay sang trang thii khéc. -

Bﬁu tién xét !:ruﬁﬂg hop chuyén tir trang thdi I sang I:r;mg thdi II & thé tich khong déi.
Theo dinh luat Gay—Lussac:

Py
T

P
T
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Trang thdi 1 T, V. p ;
Trang théi IT T Vi b b |
Trang thdi III TV _p | 4

Su chuyén tir tir trang thdi Il sang trang thai I1I xdy ra & nhiét do khong ddi nén, theo
dinh luat Boyle-Mariotte, c6 thé viét:
p.V,=pV
Gi4 iri p, duoc it ra tlr dang thic thit nhat bang: |
= 7 ZHEA 1o
R v |
Thay p, vira nhan ducc vao biéu thiic ciia dinh luat Boyle—Mariotte, ta dm;rczé\q\

& pVi pVv
V.=p.—V,=pV 'III_.."_.} =
P:Vi =P T LS P T, T \:}
Trong diéu kién tiéu chudn cha nhiét do va 4p suit, cy thé 13 T,"= 273,16 K va 4p sudt p,

= 1 atm , mo6t mol khi bét ky chi€ém mot thé tich bang 22,4 lit’ "..:_-' N6 duoc goi 1 thé tich mol

e . 1
chudn. P61 v6i 1 mol khi 1y twdng gid tri cua ti s6 %E!;% k¢ hi¢u biang R va R duge goi la
hing s6 cha khi 1§ tudng, khi dé: * |

V{ ? A
Py _R
YT
iéu chudn cho gid tri clia R

22,414
TO 27316

4

Thay cdc gid tri clia p, V va R & diéu

R = P,V

= (0,08206 ! atm mol 'K’

Trong hé don vi SI:

- Q% R = 8,314 J mol"'K~'
hodc tinh bang calo: O

O R =1,987 cal mol' K
Dai vai mot @m khi Iy tuémg, phuong trinh trang thdi dugce viét nhu sau:

pV =nRT r (1.2)
¢) Phuong trinh Van der Waals

con déi vai n mol:

Céc phan tir cla khi thuc khong gidng cdc qua céu. Gilta ching co lyc hit va
khong thé bd qua thé tich bin than cilia chiing so véi thé tich ma khi chiém. Nhu vay 1a thé tich
ma trong d6 cdc phén tir ¢6 thé dich chuyén khong con bang thé tich V ciia khi nifa ma bing
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V —bva V — b dugc goi 1a déng thé rich. Trong khi va cham cic phén tir 18n thanh binh hoic 4p
ke, d6i v6i mot khi thuc, luc tic dong 1én thanh binh y&u hon 13 d6i véi khi 1§ tudng. Trén thue
(& cdc phén tf cna moi khi thue tdc dong mot luc hit 18n cdc phan tlf va cham vé6i thanh binh,
nén luc tdng cong s& vudng gée vai thanh binh nhung c6 hudng ngugce lai véi hudng 4p lue tao
boi khi lén thanh binh nhw duge biéu dién trén hinh 1. 5. Van der Waals di dua ra phuong trinh
trang thdi khi thuc twong ty nhu phuong trinh khi Iy tudng, trong d6 c6 hai s hang b6 sung dé
tinh dén tinh chit ciia cdc phan iy khi 1y tudng nhu sau:

a
(IHWJ Sl
D1 vai n mol: d‘{\
(p+v2]{‘v b)=nRT \C\ (1.3)

HIH@LH{.‘ Iiit tong -::.:Trng co hiong ngige voi dp hie.

béi v{?@h{ dd cho, cdc hidng 56 a va b dugc xédc dinh tir cdc két qua thuc nghiém
trong viing ap nhét dinh ma phuong trinh duge 4p dung cho viing dé.

1.2 SUDANNG (HOAC NEN) KHI TRONG BIEN POI THUAN
NGHICH VA BAT THUAN NGHICH

1. 2.1 DAN NO (HOAC NEN) THUAN NGHICH PANG NHIET

Xét hé gébm mot khdi lugng khi Iy tudng chita trong mét xylanh duge da}r kin bang mot
piston. Xylanh dugc dit trong mdy 6n nhiét dé t4t ¢ cdc bién ddi xay ra ¢ nhiét do khong déi.
C6 thé nhan duge biéu thic cong co hr.;n: trong trutmg hop don gian nhét béing céch cai piston
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chuyén dong khong c6 ma sit irong xylanh va dim bao c6 sir ti€p xiic co hoc gilia khi tao thanh
hé vi moi trudng bén ngoai. Pdy va cdc thanh cla xylanh tao thanh gidi han ¢6 dinh véi mdi
irurong bén ngoai, con piston véi tiét dién S tac thanh gidi han co dong.Vi tri cia piston & trang
thdi I duoc xdc dinh bing hoanh do x so véi diy cua xylanh (xem hinh 1. 6). O trang théi II
piston di dich chuyén mot doan vo ciing nho dx vi toa do ciia nd tr6 thanh x + dx.

ﬁ
~ N

Q-

Hinh 1. 6 Swddn no khi trong xylanh dioc déQ%k%
bdng mot piston dugc ddi trong md

Cong trong qud trinh chuyén tir trang thdi I sang. a@m II bang tich cha luc can
piston dich chuyén nhan véi do dich chuyén vo cling n@

oW = Fdl'{ = ~Puea n'niu dﬁ‘l}rﬂ: ngsshi dV
Né&u ton trong quy udc vé ddu thi W la duon cong va 12 Am n€u hé ti€n hanh cong
hodc, ndi cdch khéic, néu moi trudng tién h%t ng déi véi he thi cong 1a duong, con néu hé
tién hanh cong d6i vdi moéi trudng bén cﬁ: thi cong la am. Trong trudng hop trén:x < x + dx
= dV >0 — thé tich cla hé ting, lﬁﬁﬁn hénh cong nén cong la 4m va ta viét:

&,} W = “'Phtnn.guii dV

Nguge lai, trong ﬁ* hop dV 12 4m hé “nhan” cong, do d6 W = — pyoy ens AV 12
duong. Sy bién doi d ir 12 thuin nghich néu piston dich chuyén vo cing cham. Trong
trudng hop nay o bt ky dp sudt bénr ngoai bang dp sufit bén 110NE Preq gy 4O VAY ma
khi dp sudt bé Phonngosi thay d6i thi 1dp tic hé c6 phdn ting ngay v6i su thaj,r déi do, nén
Prongoii = Ph. ong- 101 dO, €O thé viét:

v, v
- jI:"irn_rlg«:lii"'zl-_iIIIJr == jpb.tmngdv
Y

1 I"'Irl
D6i v6i khi 1y tudng phuong trinh trang thdi cho phép biéu dién dp sudt cta khi nhu 12 ham cta
thé tich va nhiét do:

nRT
Pui ¥V =DRT = Puni = Poen g =T

A
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O nhiét do khong ddi cong thuan nghich trong qué trinh dang nhiét dugce tinh nhy sau:
nRT

v
wmugn aghich = wu e j_“' dV = —nRT In L
' v, v Vl

W,=—-nRTIh—=
12 n n 1.4
V, (1.4)

c6 dang nhwr trén hinh 1. 7.

R
Puing cong dang nhiét Poaong =1 (V), p= an

Cong trén hinh 1. 7 dugce biéu dién bing viing dién tich dugc ddnh diu bing cic dutmng
gach chéo. P6 1a cong cuc dai ma hé ¢6 thé cung cap. O\

Luwu y: Tich 1%‘wﬁn gilf nguyén gid tri tuyét déi clia n6 khi ta thay gidi han tich phan,
nghia 1a - W, = W @@:*ml hai trang thdi xdc dinh, khi ti€n hanh dan nd hodc nén thuin
nghich, tx ir{rg @-né}' sang trang théi kia hodc nguoc lai, ngudi ta di theo cliing mot con
dudmg. W, |

1.2.2 DAN NO (HOAC NEN) BAT THUAN NGHICH PANG NHIET

a) Swddn no bdt thudn nghich diang nhiét

Su din nd bdt thudn nghich xdy ra dot ngdt lam cho dpsudt bén ngodi cla he
Phen ngows Chuyén tir gid tri p, sang  gid tri p,, hé dan nd & thé tich V,. Trong qué trinh din nd
khong c6 sy can bing, 4p suat bén ngoai khong ddi va bing 4p sudt khi quyén Pren ngoti = P quyén:
Trong trudng hop nay cong duge tinh nhu sau:




" T oyl e T T R g N e ST 3 e S e et TR et T e ot e L T o
wmm-;ﬂ,ﬁﬁ;ﬁﬁm:iv-'-:;-.-, § b T e o T S et e b i iy
Pl b e s 2o bl i e e R e i g SR s !
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V.
W, =—p; j{l‘u’ = -, (‘UI —V[) W<0

(Nhiéc lai 1a 1 atm = 1,013.10° Pa (pascal), Jun = Pa x m’)

Su dan nd bét thuin nghich x.ay ra qua hai giai doan:

— Dan nd ding tich (p, = p,) dot ngot.

Bién thién thé tich bing khong va cong trong giai doan nay bing khong.

— Dan n& ding dp (V, — V,). Trén hinh 1. 8 cong duge cho bdi ving 16 da{\

*

A X
Hinh 1. 8 Swddn nvﬂ’&\{\rhugin nghich dang nhiét dang ap.
D6i vai khi 1y tudng: 0 -
O ART nRT
\l@?rpl(vz _VI): ~P2 -
P; Py

ch W, = —nRT[l . P—*] | (L. 5)
O P
b) Sg%uhuﬁn nghich dang nhiét

Néu c6 thé nén khi tir 4p sudt p, dén dp sudt p, thi 4p sudt ting dot ngot. Trong trutmg

hop DAY Puen ngos = P VA diéu ndy duge bicu dién trén hinh 1. 9. Khi d6, cong duge tinh nhu sau:

W= py (V, = V,)=p [nRT“uR'T]
2a=—Pa L Y 2 1 P P,
W, =-nRT (1 — ﬂ} . | (1.6)
P2
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Sy nén dugce thuc hién qua hai giai doan:

~ Nén dang tich dot ngot -

— Qud trinh ding 4p.

Cong clia qué trinh dugc tinh bing dién tich t6 dam trén hinh 1. 9.

P I Q
e Y\“l‘d
e

}
’“':f \

v %,

Hinh 1. 9 Sw ﬁéﬂ'dﬁng nhiét bdt. thudn nghich.

O

Bién d6i khong con 1a thuan nghich n ng cin cung cdp cho hé dé tr& vé trang théi
116n hon cong ma hé c6 kha ning tién ha ﬁl chuyén sang trang th4i I1.

Lwu y: Cic diém p,V, va %@ cdc diém can bing nén chiing nim trén dudng cong
nRT
V @9

1.3 NGUYEN L@A NHIET PONG HOC

1.3.1 HE s@'&j

Cho ﬁ]:}t kh6i lugng m xdc dinh ciia mot fluid (chat khi hodc 16ng c6 mot tén chung 13 |

fluid) déng thé & trang théi can bang. C6 thé xét nhiéu bién s6 trang thii dic trung cua fluid: dp
sudt p, thé tich V, nhiét do T, chi s6 khiic xa n, do nhét n, do din nhiét v..v... Thie nghiém cho
thdy, trong didu kién thong thuong, hai trong so nhing bién sé nay dii dé xdc dinh trang théi ciia
h¢. Tdt cd nhitng bién s6 khdc la ham cita hai bién 56 déc ldp. Trén thuc t& ba bign s6: ap sudt p,
nhiét do T va thé tich V thudmg dugc ding hon ca. Khi biét hai trong ba bién s6 nay thi bi€n s6
thit ba dugce xdc dinh. Nhu viy 1a ¢6 mot méi 1i&n hé gifta ching ma ta cé thé viét mot cich

tugng trung f(p, V, T) = 0. Phuong trinh nay dugc goi 1a phuong trinh déc tring. Phuong trinh -

dac trung trong trudng hop khi 1y twdng pV = nRT rit don gian, nhung trong trudmg hop fluid
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thuc thi, néi chung, r4t phiic tap. Khi dé, cdn giai quyét mot vén dé nhu sau: Cdn cung cdp mot
ligng nhiét Q la bao nhiéu cho mét khoi lugng fluid déng thé di tit trang thdi ddu duge xde dinh
bang cdc bién 56 p, V, T sang trang théi cusi duge xdc dinh bang p+dp, V+dV va T+dT, néu
bién déi ¢ ddy dugc thuc hién mot cdch thudn nghich.

Trong trudng hop chung, d6i véi bién doi thuin nghich bat ky cta mot hé duge Xac
dinh bing cdc bién s6 trang thdi x, y, z, ... va do ting cia nhiing bi€n s6 nay dx, dy, dz.... 1a vo
ciing nho thi luiong nhiét vé ciing nhd cung cdp cho hé 13 ham tuyén tinh cia nhilng bién s6 do.

dQ = Adx + Bdy + Cdz + ...,

trong dé A, B, C, ...]a cic ham cla cdc bién s X, ¥, 2, ...
A=f(x,vy,%..) . d{:\
B=g(x,v.% ..) ' \Q'\ J
C=h(x.v.2,..) %

e =5 1 ~
v dugc goi la cdc hé s nhiér. \2}%
K&t qua cudiciing 12 lugng nhiét dQ 1a ham tuyén tinh ¢ bi&n thién vo ciing nho
ciia hai trong ba bién s6 p, V, T. Nhu véy la co ba cach biéu di yng nhiét cdn tim:

-:flli}=C,JdT-|_-hL%§??:LE
Q= CuaT 1Y
dQ = {%ﬁp ,

(1.7)

b il

X . "
1.3.2 NGUYEN LY I (HOAC C \I;JU'GC GOI LA PINH LUATI) CUA
NHIET PONG HOC

.m

Trong trudmg hop chung‘h&scﬁ thé trao ddi nhiét Q vi cong W véi moi trudng bén ngoai
khi chuyén tir trang thai mq{@xg trang théi khic va {ng v&i méi ldn chuyén nhu vay c6 tong
nhiét va cong Q + W. Nguyén 1y I clia nhiét dong hoc con dugc goi 1a nguyén 1y (hodc dinh luit)
bao toan ning luong ﬂ yé’ﬁ Iy nay duge rit ra tir thuc nghiém. Néu di tir trang thai I sang trang
théi II theo con hdc nhau (xem hinh 1. iﬂ} thi tdng dai s6 Q + W ting véi cdc con dudng
khac nhau 13 daiong khong ddi, nghia 1 ta ¢6 thé viét:

Q+W,=Q;,+W, = Q}f"-w:;:

Dé don gidn, trén hinh 1. 10 biéu dién hai con dudng 1 va 2 ma h¢ c6 thé di tir trang
thi I sang trang théi II. Khi di theo con dudmg 1 tir trang théi I sang trang thdi IT hé quay trd lai
trang thdi I theo con dudng 3 va khi di theo con duéng 2 tir trang thdi I sang trang théi II thi h¢
quay lai trang thdi II theo con dudmg 4. O day ta g6 hai chu trinh kin va vi két qua clia mbi mot
trong hai chu trinh 13 hé tr lai trang théi ban déu nén c6 thé viét:

ﬂﬁféﬁ R
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QI+WI+Q3+WJ=Q2+W +Q,+W,=0

Nhirvay 1a Q + W_c6 tinh chit nhir 12 bién thién clia mot ham trang thiai nao dé vi, ta
da biét rdng ham' trang théi c6 tinh chat 14 bién thién hai gid tri ting v6i hai trang thii x4c
dinh cia né khong phu thubc duﬁng di. Ham nay duoc kv hiéu iﬁ U va, khi d6, c6 thé viet:

AU=Q+W (1.8)
D61 véi mot thay ddi vo cling nho trang théi clia hé:
dU = §Q + 5W 71.8%
Néu hé trai qua hang loat cdc bién d6i r6i trd lai trang thdi ban ddu thi diéu nay c6 thé
biéu dién bing tich phan theo vong kin bing khong: {:\
Jdu=9 ‘@

Ham U duoc goi 1a noi nang. Trong {rudr g hop chung ning lugng ctia hé gédm 3 phén:

a) Dong ning chuyén -,a ctia hé toan bo

b) Thé nang do vi 1@:1& ¢ trong trudng bén ngoai nio dé

c) Noi ning s

Né&u toan bo b - -:Ja ong so v6i moi tmﬁmg bén ngoai thi ndi ning gém:

1. Bﬁ n@ chuyén dong clia phan tir (chuyén dong tinh tién, dao dong va quay).

2 L g tic gilta cic phin tir, c6 nghia 14 nang lu'cmg huit va dﬁy gilfa cdc hat tao
thanh hé.

3. Ning lugng bén trong phan tir (ning lucmg hoa hoc).

4. Ning luong kich thich electron. '

5. Ning Im:mg bén trong hat nhan.

6. Nang luong bic xa (khi electron chuyén tir miic nang lm:mg nay sang mic ning
lugmg khac).

7. Ning lugng hip déin (trong trutmg) do cdc hat vt chat hit nhau.

i o
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Khong thé xdc dinh gid iri tuyét déi caa ngi ndng vi khong thé ddt hé vio irang thai mdi
hét ndang luong. |

C6 thé phat bidu vé nguyen 1y I chia nhiét dong hoc nhu sau:

Néng luong toan bé duoc irao déi giita hé va méi trudng bén ngoai trong mét chu trinh
kin ctia cdc bién doi bang 0

Qua day ta thiy cé thé rit ra truc ti€p duge nguyén 1y I cua nhiét dong hoc, dua trén
nguyén 1y trang thii ddu va trang thdi cubi. Vi vdy, ciling c6 thé phét biéu nguyén 1y nay bang
cdch khdc:

D61 véi mot hé nhiét dong di cho ¢é mot ham ddc trung ciua hé diige got lg néi ndng ma
bién thién ctia nd trong mét bién ddi chi phu thugc vdo trang thdi ddu va trang tfu‘jibciaéi vd

khong phu thuéc vao duong di.
Néu dé y dén dédu, cd nghia 14 néu hé tén hanh cong thi cOng mang thi c6 thé

viét lai biéu thiic nguyén Iy I clia nhiét dong hoc (1. 8') nhu sau:
dU = 5Q + 5W = 8Q — pdV .\:53
dU =8Q - pdV N (1. 8)

va c6 thé phit biéu vé nguyeén Iy nay bing cdch khdc: ;Q’

Nhiét cung cdp cho mét hé nhiét dong mot phdn lam 10i ndng ciia hé va mot phdn

khdc lam cho cho hé tién hanh céng. ! .
Luu y: Trong nhilng sich cia Lién X6 {Jm tic todn nguyén 1y 1 cia nhiét dong
hoc dugc viét & dang (1. 8"), rong doé cong, Ehﬂ@ , ducc ky hiéu bang A.

1.3.3 PINH LUAT JOULE \X

biang mot van (robinet) dugc n ong mot nhiét lugng k& Robinet nay cho phép hai
\\@) ) Van

O 2
T T

Thi nghiém ctia Joule. H;’@(hh]h con duge goi 12 ballon) dugc ndi vt nhau

——— M e S __ i

Hinh 1. 11 Thiét bi dugc sit dung trong thi nghiém Joule.
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ballon dé thong dwoc véi nhau. O thoi diém ban ddu robinet bi khod, ballon A chita khi, con
ballon B rong. Sau khi m& robinet khi din n& va chiém toan bo thé tich V, + V. Ngudi ta quan
st duge la trong qud trinh thi nghiém nhiét d6 khong d6i va nhu viy Ia khéng c6 sy trao déi

nhiét gitia hé va moéi truding bén ngoai Q. Hon nita ciing khong c6 su trao déi cong ndo Wy =0
vi h¢ khéng ti€n hanh cong ddi véi moi trudng bén ngodi va nguoe lai. Trong diéu kién nhir vay
ndi ndng cla hé khong déi nén co thé vigi: AU=W + Q=0

1.3.4 HE SO NHIET VA CONG THUC LAPLACE
a) Hé sé nhiéi ‘{\

@

Nhur di néi & trén, lugng nhiét so ding cung cip cho hé c6 thé ﬂl% dang ham clia

cdc bién s6 trang thii: %
dQ=CydT + £dV (a) \53
dQ=CdT+hdp (b) o=\ ')
dQ=Adp+pdV  (c)

Nhu ta di biét, lugng nhiét cdn thiét cung ¢4 1 mol (hoidc cho | gram) chit dé
tang nhiét do cia chét dé 1én 1 do Celcius duoc go mﬁl dung mol (ho#ic nhiét dung riéng).
D¢ phén biét nhiét dung riéng véi nhiét dung mp% s€ ky hiéu nhiét dung riéng bing c nho va
nhiét dung mol bing C 16n va theo dinh nghi % i

(1.9)

dQ , . |
C, = H — nhiét dung n{i}{n g cy) O thé tich khong déi hoac nhiét dung ding
W

tich. - ‘QQ

G =’(de — nhiét @Tml (riéng c,) O 4p sudt khong d6i hodc nhiét dung ding ﬁp'j
- _. p e |

Trong m\%\@u Iy twdng, két lun rit ra tir thi nghiém Joule duge viét nhu sau:

dU=8Q +dW =0
Néucoi T aﬁc bién 6 doc lap (phwong trinh a)
0Q=CdT + £dV
va
. 8W =—pdV
thi

CdT+ £dV —pdV=C,dT+(£-p)dV =0
Trong thi nghiém ciia Joule dT = 0, nhung dV # 0, do dé:

£=p (1. 10)
Néu coi p va T la cdc bi€n s6 doc Iap thi c6 mot ham trang thai:

z PR )
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f (p, V, T) cho phép vi€i biéu thic vi phin toan phin sau:

dV = {%] dp +[%IJ dT

T P

Pat biéu thite dV vira nhin duge vao phuong trinh (a) cho két qua:

dQ=C.dT+ £dV=C,dT+ £ (EN} dp+ ¢ (ﬂV] dT
= Ly + = ' -+ o ey
‘ ap T ? aT p

V oV
dQ =|VC,., +f[a—) }(ﬂ'+ ; (—} dp
ar P dp T Q
So sanh biu thifc vita nhan duge véi phuong trinh (b) trong (1. 9) cho phép viét: (j

o \}
Cfc*‘”(ﬁ)ﬂ \}$

ov O
h=¢ (—]

o)y . O
i véi 1 mol khi 1y tuong pV = RT nén: Q)

() & g pon N
— | =—vai=p, : :
ar/, p b Q)‘
C,-Cy= \:\@calﬁmal K (1. 11)

Ngudi ta thudng xdc dinh hé thirc y @tﬁi ¥ > 1, khi do:

@) R

. ?—1=E: %

\&

:I'. He thive (1. 1 &n moi quan hé gita nhiét dung dﬁng_ ap G, va dang tich C, ciia 1
~ mol khi Iy tudng d

51 1a hé thitc Mayer. D6i v6i khi 1y tdng, vi dinh Iuat Joule din t6i ding
thic f= pnén cO t '

h=-V ‘ (1.12)

U5 3-HealyND
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b) Céng thire Laplace
Gia sir d6i v6i khi 1y tudng c6 sy bién ddi doan nhiét. Nhu ta da bi€t , mOt sy bién doi

duwoc goi 1a doan nhiét néu hé khong irao ddi nhigt véi moi trudng bén ngoai va, doi vai qud
irinh nhu vay, dQ dugc viét nhu sau:
dQ=C\JdT+ £dV =0 = C\rdT-_“—fdv

dQ=CdT+hdp=0 = CdT=-hdp

Chia hai v& ciia phuong trinh thit hai tuong img cho hai v& ciia phuong trinh thif nhat cho két
qua:
C, hdp  h_ v : dQ‘
i ¢ dv ¢ P \(\
vV d "’{}
*f=—dp x Dach—+*£—ﬂ = ydlnV +dinp=0
P dV v P 0

Ldy tich phan cho két qua: Q_
Inp +vInV =const = ]n(p‘v"" ) =4

& (1. 13)

pV' = const
Phuong trinh vira nhian duoc mang tén phiion \%ﬁ'ﬁ L-:rp.’ace 'Ihay tudn ty ap sudt p va
thé tich V bing cdc biéu thiic ciia ching & da@@ ey Sn va V= ? vao (1. 13) din téi

cdc cong thifc sau:

-I%FIW=CG TV = const (1. 14)
O =
( J ugaﬁ = T'p'™" = const hoic Tp' (1. 15)
Vidul. 1 q§$
Trong mot dot trong, & lic bt ddu nd khi c6 4p sudt 12 2026,5 kPa va ddy

piston vdi ong déi twong duong vGi mot ap sudt bén ngoai 1a 506,625 kPa va qua
piston quét motthe tich 1a 250 cm”.

a. Tinh luong cong thuc hién khi nd dé .

b. Tinh cong suit cia dong co (ndng lugng san ra trong mot don vi thdi gian) gobm 6 xylanh
va lam viéc 2000 vong / phiit (trong dong co hai thi cit hai vong n6 mot 1an).

' Gidi
a. Cong & day 1a cong din nd (cong ap sudt—thé tich) va do hé goém piston + khi va do
hé thuc hién d&i véi moi trudng bén ngodi nén c6 dau am.
= — pAV,

e

@
A
4
ic ]
A
. |
q
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trong 46 p 1a dp suéit bén ngodi, AV - bién thién thé tich trong qud trinh dan nd va & day AV =
0,250,107 m*
W = 506,625 10" Pa x 0,250 107" m’ = 126,65625 ] ~127 ]

b. Néu ky hiéu cong sudi 1a P thi:
W 6x2000x127

Po—= =127 100 W = 12,7 kW
t 2 % 60 :
Pép s6: a. W=-1271
b. P=127kW

1.4 AP DUNG NGUYEN LY I CUA NHIET PONG HOC VAO %ﬁ‘
HOC

1. 4.1 NHIET PANG TICH Q, VA NHIET DANG AP Q, \:%E

N6i chung, khi mot phian ting hod hoc hode mdt qud trinhy : nﬁ hdp thu (phan ting
thu nhiét) hodc phit ra (phan (ng toa nhiét) mot lugng nhiét nhait . Dua trén nguyén 1y 1 cia
nhiét dong hoc ¢é thé tinh lwong nhiét d6, xuat phit tir mot a tri khong 1on cha nhiét thu
dugc IEH ‘?Iném Vin dé trd nén don gian trong haisrt ng'h
I,:’ﬁ':. a) PfUﬁe“r ciia phdn ting & thé tich khong déi onstant) hodc nhiét ding tich Oy

Y J/G‘thé tich khong déi cdc phan iing -:ﬁ- ¢ diéu kién sau:

a. Phaﬂ ing. m:-ng MMH vi d ﬂg bom nhiét lugng ké.
iiia.cdc chit long hodc gifia cdc chét 1ong va cic chit ran \

thi & V = const cong 8W = 0, do dé dU = 8Q hodc AU = Q. Dé thdy dugc ngay nhiét trong
 trudng hop thé tich khong ddi ngudi ta thém chi chir V & phia dudi, nghia Ia

15; Nhu vay nhiét ciia phan ting & thé tich khﬁng ddi bing bién thién noi ning va QV :im:fr:
%‘% goi l/a,ﬂfu;ét dang tich.

b) Nhiét cita phdn tng hodc qud trinh & dp sudt khong doi p = const hodc nhiét ddng
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Pa s6 cic phan tng, ndi chung, va c¢ic phan (ng sinh hoc, néi riéng, duge tién hanh &
ap sudt khong déi, p sudi khi quyén. Chinh vi viy ma, néu khong ndi thém gi dic biét, khi néi
nhiét cua mot phan (g hodc qua trinh, ta 5€ hiéu 12 nhiét dang ap. Cong trong qud trinh déng dp
duoc xdc dinh bdi heé thitc:

= —P(vz . }*
trong d6 V, va V, la thé tich cha hé & trang thdi ddu vA trang thdi cudi Biéu thic cla
nguyén 1y 1. )

AU=0Q+W

sau khi W duge thay thé bing — p(V -V ) o thanh | ;% & d{:\

AU=U0, -0, = Q) p(v.-V,) )

Tuong tu nhw trudng hop Irén, nhiét ding dp duoc ky hieu bing Qw _ £

~,
Q,=U, +pV, - U, - pV, \:}
Q,=(U+pV), - (U + pV),

Chi s6 | va 2 ky hiéu trang thdi ddu va trang thdi cudi vi qualday
nhu nhiét ding tich, chi phu thuoc vio trang thdi day ;‘ '

” X
LL N Qe ® (1 L3}
Ciing nhu noi nang, enthalpy Ia dai lugng oAinh

c) Quan hé giita Qp va ‘&}g cung nhiét do déi voi phan iing gifta cdc khi Iy
fwong

Bay gid ta xét quan h@m Q, va Qy. Gia sir c6 phan ting ¢6 cdc chat khi 1y tudng tham

ia: |
; 1\\ ﬁ aA + bB = c¢C + dD
Q “ Trang thii ddu Trang théii cu6i
Doi vai ph@h‘én , & nhiét do khong ddi T = const, bién thién noi ning ciing nhu_bién
thién enthalpy = bién thién cdc ham trang thdi — khong phu thuoc dlhl&ig_ﬁ:, nén, néu hé di ur

trang thdi ddu duge ky hiéu 1a trang thdi 1, con trang thdi cudi 1a 2, cé thé viél:
| . Q=U,-U =AU L
Q=H,~H,=AH=U,-U,+p(V, - V,): ﬂU+pA"h}>
Cin dénh gid s6 hang p(V, — V, ). Vi khi 1 khi Ij tudmg, d6i véi trang thai ddu va trang théi
cubi, co thé viét: |
pV,=(a+b)RT
pV, = (c + d)RT

Ldy phuong trinh thit hai trir phuong trinh thid nhit:
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p(V,— V) =[(c+d)-(a+Db)]RT = aAnRT,
trong d6 An = (¢ + d) — (a + b) 12 bién thién s& mol trong bién doi duge xét va biéu thic
AH = AU + p AV tr& thanh: P P
Q, =Qu+AnRT hote | AH=AU+ ANRT | e (1. 18)

He thirc (1. 18) chinh 1& hé thic cén i:lm DLII-[ tr&n quan hé gilla Q, va Qy, biét Q| dé
dang tinh duge Q, vh nguge lai. D6 véi hé di thé, hé thiic hé gém ci céc pha rén, 16ng va khi Q,

=y + AnRT luén luon ding vi, trong nhiéu trudng hop, c6 thé coi khi [a khi 1y twdng, nhung
An chi 12 bién thiéns6 mol ciia cdc chét & pha khi. |
N :
Vidul. 2 Q
Tinh cong sinh ra & 25°C khi hoa tan 50 g sit vio axit clohydric. d

a. Trong mdt binh kin. 3 ' éq\

b. Trong motcée thuy tinhhé.  ~,  ° [ Q}
)

5 Cho bi€t Mg, = 55,847
ok Gi:fi {Q\Q f
| a | Trong binh kin W=0,vidV =0
b. Sat dé tan trong axit clohydric loing then;g#ng Fe + 2HCl = Fell,; + HIT
Theo phuong trinh nay thi ci 1 mol sét ¢ ol H, va s6 mol sét tham gia phan tng

biang s6 mol khi H, thodt ra, M g = 55,847 v;(@ ta cé —— mol sit.

M Fe
Mt khéc, An & day bing s6 mol'khi hydro n, nghia 12 An = n vi ban déu chua c6 h_y_s.j_lm
vi vily, dp dung cong thidc tinh con ol khi 1y tudng tié€n hinh, c6 thé viét

G n
pV =nRT=—"-RT )
Mg, W\ i

Thay s6 va luu 3 :__1.:._... do hé sinh ra ¢6 dau &m ta duoc o
o 8314 x 208 =~ 2218,178237 = -2218 k]
@\@ 55847 07
Hé ti& cong, nén cong cod diu am 0
Pips6: a. W=0 ge U
b. wﬂzzwu N

i.4.2 DINH LUAT HESS ENTHALPY TAO THANH VA ENTHALPY CHAY
CUA M'IJT CHAT
a) Pinh ludr Hess
Khi tinh nhiét cla phin tng ngudi ta sit dung rong rdi dinh luat Hess. Dinh ludt nay
duge thiét 1ap trude nguyén 1y 1 cha nhiét dong hoc. Thuc ra, ¢6 thé rit ra dinh luat Hess tir

.... il s ke e bl TRl
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nguyén 1y I cia nhiét dong hoc, vi vay ¢6 the coi dinh ludt Hess 13 hé qua nguyén 1y I cha nhiét
dong hoc. Dinh luat Hess duge phat bidu (1840) nhuy sau:

Trong moi quda trinh hod hoc, nhiét trao dai (nhiér tod ra hodc hdp thu) ¢ dp sudt (hodc
the tich) khong déi khéng phy thugc vao céc phdn img trung gian.

Nhi¢t ding tich hodc nhiét ding 4p con dugc goi 1a hiéu img nhiét. ¥ nghia quan trong
cua dinh Iudt Hess 1a & chd nhitng hé qua b8 ich cha né duoc sir dung rong rai trén thuc tién vi
no cho phép:

— Tinh nhiét ding dp Q, = AH va nhiét ding tich Q, = AU cho cdc qué trinh ma d6i véi
ching thi€u céc dif liéu thue nghiém

— Tinh hi¢u dng nhigt cia cdc phan tng xay ra rdt chiam, cham dén W%ng thé xdc
dinh dugc trén thire nghiém. x{’:\

- Tinh hiéu iing nhi¢t cia nhitng phan iing con chira duge ti€ha

— Giam khéi lugng thye nghiém trong viéc xdc dinh hiéu a 1 dén miic tdi thiéu,
nghia 1a, xudt phat tir mot s6 dif liéu han ch& vé nhiét 1ao thanh :"a 1 Ia nhiét sinh) va nhiéi
chdy c6 thé tinh dugc hiéu tng nhiét clia rat nhidu phan _.=_'-_:-,- 10c hodc qué trinh khdc nhau.

dt o diéu kién tiéu chudn

&) Enthalpy tao thanh (nhiét sinh) clla __:

Binh nghia: Enthalpy tao thanh chudn ioic ky hiu bang AH 3% ¢ cila mét hop chat

bdng bién thién enthalpy kém theo phan 1 wdith mét mol chdt dé tix cde don chdt & trang
thai bén nhdt, & nhiét dé bing 298 K va ?g t khéng doi bang 1 atm.

Ky hiéu M—ng”cé chifa -::&Qﬁ do chir formation cia ti€éng Anh ¢6 nghia 1a tao thanh

hoidc hinh thanh. Cé ngudi con ¢t tao thanh 12 nhiét sinh. Vi du: Enthalpy tao thanh nuéc
¢ dang hoi 1a bién thién enthalp qua trinh tao thanh nudc theo phén ng:2H, (g) + O, (g) =
2H,0 (g), xay ra 0 dp sudrkhong ddi. Trong cdc ky hiéu dé chi trang théi ctia chit ding chir g dé
chi trang thai khi, (t n cdl ddu cha tir gas cha ti€ng Anh 1a khi), chir £ dé chi trang thdi long
(tir chif cdi dﬁu ¢ -e:_l I= 1a 1ong) va s dé chi trang thai rén (tir chit cdi ddu ca tir solid 1
ran). Hé qua nghia nay 12 nhiét tao thanh cdc don chét & dang thi hinh bén nhit cta

chiing ban g. Dang thit hinh bén ciia carbon 1 graphit (than chi), vi vay:
AHsc(0)=0 vA  AHS,  (Cpumu=0; AHS,, , (CO, ) = —393,059 kJ/mol

Luu y: Cdc gid tri nhiét tgo thanh duoc dia ra trong phu luc B

c) Xdc dinh nhiét cia phdn itng, xudt phdt tir nhiét tao thanh

Biét nhiét tao thanh clia cdc chat tham gia mot phan tng va san phim cla phan g cé
thé tinh nhiét ciia phan ting dé.

Néu xét phan img & dang téng quit:
aA +aA + . +aA, =bB, +b,B, +... +bB (1. 19)
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c6 thé dua trén nhiing s6 licu vé nhiét tao thanh clia céc chit tham gia phdn ting va clia san phdm
phan ving dé tinh higu g nhiét ciia phan tng duoc ky hi¢u bing AHj,, & dicu kién tiéu chudn
theo céng thiic :

k
.&I’I 298 r [Zh ﬂH;m ﬁ] sin phim _(Za'ﬂHgga ﬁ] ciie chill han diiu (IED}

=1
Ky higu AHS;, kém theo chi chif r phia dudi dugc 1dy tir chit cdi ddu cia ti€ng Anh

reaction c¢6 nghia 13 phan tng. C6 thé it ra cong thitc (1. 20) va diéu ndy dugc minh hoa trén
hinh 1. 12.

That vay, xuét phdt tir cic don chéi c6 thé: 2‘{\

—  Nhin duge truc ti€p san phidm tr cdc don chdt véi bién thalpy la
2 b AHS,q ; (siin phdm) hodic theo céich thif hai, cu thé Ia:
]

— Pau tién nhan duoc chét tham gia phan dng cic &@iﬁn thién enthalpy

Zb A

Pon chat @ Sin phdm

Zﬂ AH 305 ¢ Q(E)‘: AHL;

@l\ﬂam gia phan tng

Hinh 1. 12 So dé min :_':4!_: & qud trinh rit ra cong thire dé tinh nhiét ciia pfmn ing
Oog » XUl qr tix cdic gid tri nhiét tao thanh cia cdc chdt phdn ing.

img vai qud H@Q la Za AH% ; (céc chit tham gia phén iing), sau d6 céc chét tham gia

phén {ng tuong tic véi nhau tao thanh sin phdm cba phn tng va bién thién enthalpy hoic hiéu

itng nhiét cha phan (ing nay duge ki hiéu bang AHS,, . - Di nhién [a cdc phin tng, cdc don chit,

céc chdt tham gia phan tng va sin phdm clia phan ting déu & cing nhiét do 298K. Ap dung
dinh luat Hess cho céc phan ting trén, c6 thé viét:

Z b, AH % ; (sin phdm)= Za AH 3 ; (cdc chét tham gia phan ting) + Hgg,

va 11it ra cﬁng thitc dé tinh nhiét phin I&ng (1. 20).

3 Sy =
== ST T LT R A SR —
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— TP

Losu y: Khi dp dung céng thiie (1. 20) luén nié rang nhiét tao thanh don chdt ¢ diéu
kién tiéu chudn bing khong.

Vidu 1. 3 vé dp dung cong thiic (1. 20)

Tim hi¢u Ung nhiét cia phan (ng;:
e
L i

CaC, + 2H,0 =Ca(OH), + CH,,
cho biét cdc gi4 trj nhiét tao thanh sau day: (cé thé tim thiy céc s6 liéu ndy trong bang II. 1 phu
luc B)

AH3y, ; (€aC, ) =-62,760 kIjmol @Q

AH3, . (H,0), = ~285,830 ki/mol
AHS, . [Ca(OH), | = -986,08 ki/m

AHS, . (C,H, )=22673 k]fnqil}

Gidi @
Ap dung cong thic (1. 20), c6 thé viét 4

Hiss, = AHg,  [Ca(OH), | + AHL, (f:\a\J 2 )= AHz (CaC,) - 2AHS,, (H,0)
‘Thay s0, ta c6: fb:

Hos, = (~986,08 + 226,73 4625760 + 2 x 285,830) kJ = —124.93 kJ

Didps6: Hjy,, =—124.@

d) Nhiét (Enth hay ciia mot chdt o diéu kién tién chudn -

Dinh nghia: @m‘ chdy (hodc enthalpy chdy) ciia mét hop chdt da cho 1a biéh thién
enthalpy ciia phdn xy hod chdt dé bang oxy ¢ diéu kién tiéu chudn va két qud la tao thanh
oxyt cao nhdt @ ¢ nguyén 6. |

1€t chay & diéu kién tiéu chudn duge ky hiéu bing AH g . . Chi chit ¢ & du6i 1a tir chi

combustion ti€ng Anh c6 nghia 1 chdy. D6i véi cdc hgp chit hitu co thi sin phim chdy thuong
Ia khi carbonic, hoi nuéc hodc nudc 16ng. Néu biét duge nhiét chdy ciia tat ca cdc chit tham gia
phan ting (chét diu ciing nhur chat cu6i) thi dé dang tinh duoc nhiét hodc bién thién enthalpy ctia

ban thin phan tng (nhiéu khi chi néi Ia enthalpy clia phin tng) duge viét & dang tong quit
(1. 19) theo cong thie sau: |

k I
"ﬁ[-I '_?'ililit,r = (Z ai ﬂH ;I;H'EEJ cie chdlt ban ddu T (Z hJﬂHggra,.;J sin plhdmy ( l. 2]}
- e =1 A L

sl rlule Dol g T L

I.
4
1
'
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trong 46, tuong tu nhu trong cong thic (1. 20) a; 12 cdc hé s6 1y lugng coa cdc chét tham gia
phin ting, con b, — clia sin pham phan (mg.

Pé minh hoa cong thic (1. 21) ta xét phan (ng:

That vay, xudt phat tir cdc gid tri nhiét chdy ciia CH,OH, CH,COOH va CH,COCCH, c6
thé tinh dugc nhigt clia phan ting dé.

Céc phuong trinh phan fmg chdy ciia cidc chit nhu sau:

1
EH—;CGGCH-; + 3“‘32 = SCDE + SH]D

w1t T CHOH + =0, =C0; + JH0
q_:_i'v e | R R : | 3 2 2 iy i Q
: f . = CH,COOH + 20, =2C0, + 2H,0 %
T i

Dua trén so do trén hinh 1. 13, c6 thé viét: A

o o _ o 0 o o o g o
Hog, + AH e = AH g o+ AHjge 0 = Hogg, =AH 20802~ AH 505 3

; x,} &___ o ey
‘CH,COOCH, | |

1
Hiﬂ, 3 E D-E

SETEL A LR

- 1 AHS,,

ét chay

Hinh 1. 13 So Wx hoa qud trinh riit ra cong thicc tinh nhiét ctia phdn iing
dica trén cdc dit liu v

Luu y: dung cong thite (1. 21) luon nhé rdng nhiét chdy cia cdc oxyt cao nhdt
il H ;G vaC eu kién tiéu chudn b.:mg khong.

B s B o

. Qua vi du cu thé vira xét, ta thﬁ'_i,r cﬁng thic (1. 21) di duge rit ra tir vi du nay, néu lwu y
: AH S ., + AH 5 . 12 t6ng nhiét chdy cia cdc chél tham gia phan (ng, con AH 3%, .5 12 tong
nhiét chdy clia san pham phan 1ing.

' Vidul.4

i Khi d6t chdy 0,532 g hoi benzen &25°C va thé tich khong d6i véi mot lugng oxy dur, tod
; -:: ra 22475,74 J va nhan duge san phim la CO, (g) va H,0 (7).
- a. Tinh nhiét chdy clia benzen & diéu kién trén
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b. Tinh AH ciia phan timg_khi d6t.chay-1.mol benzen.
Gidi

i e e TR RS S T

a. Phuong trinh ciia phan wing chdy C.H;

15
Cetla(g) + Eﬂz = 6C0,(g) + 3H,0(()
Mcy, =12 %6 + 1 x 6 = 78. S6 mol benzen chdy trong phan @ng néu ra & trén duoc tinh 1

- 0,532
S8
0,532 4:\
Vay et — .= mol CgH khi chay tod ra ~22475,746 J @
I mol CH, todra  Qu= AU, J ?\Q
o 22475746 < 78 W

AUz, ’L(?f E”,)f: 053 = 3295316,14)<53295,316 kI mol”
hj AHr =AUy + AnRT J ({\

I;Q.:Il=f:;-—-1—1—2:7”"_—..—21.5 : @3

Thay s6 (b_ﬁ

AHS,, . = ~3295316,14 — 2,5{{@;{ 208 = -3301510,07 T = -3301.51 ) -
Dép s6: a. ﬂUE@:\EZ%,SIﬁ kJ mol™
b. AS), = ~3301,51 kI mol”

1.4.3 TINH NHI&@‘A CAC QUA TRINH HOA VA LY MOT CACH CO HE
THONG |

Mfﬁﬁl?ﬂh hod Iy hodic phan ting thudng kém theo hiéu ting nhiét. Song song véi cc
ky hiéu tra i khi, 16ng va rén bang g, ¢ va s twong ting (hoi 14 trudng hop riéng cla trang
thii khi dugc ky higu bang v) di néu ra & trén, & day ta s€ ding cdc ky hiéu ngin gon sau:

vap. — hod hoi (tir chir vaporization — su hod hoi)

subl. — thang hoa (sublimation — su thing hoa)

fus. — néng chay (fusion — sir nong chay) 4

cond — ngung tu (condensation — sy ngumg tu)

dissol. - hod tan (dissolution —su hoa t'anf

dil. — pha lodng (dilution — sy pha lﬂ&;_ng}

dissoc. — phan ly (dissociation — sy phén ly)
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neut. — trung hoa (neutrilization — sy trung hoa) ﬂ*‘r »

i. — déng phan hod (isomerisation — sy déng phan hod)
| X

a) Chuyén irang thdi hodc chuyén pha . hﬁﬂ

Su chuyén trang thdi vat 1y nhu hod hoi, thing hoa, ngung tu, nong chay va, doi véi chit

rin, chuyén tir dang thii hinh n3y sang dang thd hinh khic xdy ra thuin nghich & dp suit va
nhiét do khong ddi. Nhiét ciia qué trinh nhu vy duge goi 12 nhiét 4n. Vi du nhu quaé trinh hod
hoi 1 mol nudc duge biéu dién nhu sau:

H,O (E' ) - H,O(v)  AH,, holic dugc ky higu Ia L,,, (nhiét hod hoi riéng dugc ky
hiéu bang £) ‘».,[ é\‘
b) Hod tan

D6 12 su chuyén mot chit nguyén chat sang trang thﬁl dung dl@ mét dung moi.
Nhiét hoa tan dugc ky hi¢u 1a AH Nude thutng duge k¥ hiéu n la aq. Khi do, su

hoa tan CO, trong nudc duoc biéu dién bing so db nhu trén hmh

Vidu: /
ﬂ'Hggﬂ,dlmnl \kw

— AH 0 ¢ (Cﬂ1 ]u \x | AH 95 ¢ (CO,),

Pt

* digsol, -

€O, (2)

CO, {aq)

T
C)%gmﬁhit} +0, (g)

Hinh N So do minh hoa qud trinh tinh nhiét hoa tan.

Tir di@ess c6 thé thidy ngay duoe ring nhiét hoa tan trong truong hop nay dugc
tinh theo cong |

":‘-Hzmmm _'&HIWI({:D }i' ‘&‘HIH f{cﬂ.l)g

Enthalpy tao thinh chuéin & trang thdi hoa tan thay d6i theo néng do chat tan trong dung

_ dich. Cic gid i cho & day iing Vi trang thdi pha lodng vo chng (mot mol chat trong mot lugng
. dung moi rit 16n). Ky hiéu (aq) c6 nghia dung moi Ia nudc va dung dich 1a v6 cling loang. Trong

diéu kién nhu vay enthalpy hoa tan 12 mot hing s6 khong phu thudc néng do.
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c) Pha lodng

Pha lodng la qud trinh chuyén dung dich néng dé cao sang dung dich ¢6 néng dé nho
hon bang cdch thém dung moi. Enthalpy pha loding phu thude vio néng do cba chat trong dung

dich. Nhigt pha lodng duge ky hiéu 1a AHS, .
Vi du: .
HCI,5H,0 - HCl, 100 H,0 AHSy 41 =~10,151 k¥/mol
d) Si phdn ly thanh cdc ion
Bay la qué trinh tao thanh ion tir nhitng phédn tir hod tan. Nhiét ph@ﬁ\auqc ky hiéu
bang AH '_Ts:-a,:um. \q\
Vi du: \}$

~ Phan ly cdc phan tir nude thanh céc ion & 25°C: O

H,0(f) — H'(ag) + OH (aq) : @agﬂ soene, = 55,835 KJ/mol
— Phan ly axit manh trong dung dich mﬁ(%g%i la nwéc /
HCl(aq) — H'(ag) + Cl (aq) (Eﬁ A, . =0
Khi do, ta c6: )
X
HCl(g) — H'(aq) " (aq) AH 505 dissoc. = —74.8 kJ/mol

Bién thién enthalpy Er@ a bién thién enthalpy clia qud trinh hod tan mét mol HCI khi
trong nudc. Trudng hop n&@ truong hop dac trung cho cdc axit manh va bazo manh. Céc axit
manh vi bazo mant@?ﬁa&n toan trong dung dich nudc nén trong nuéc nhimg phan tir nay
khong ton tai & dan tir trung hoa.

e) Sir i Od

—@ng truong hop #rung hoa axit manh bang bazo manh thi thuc chit cha phan ting
trung hoa la sur tdi két hop cdc ion H® va OH™ thanh phan tr nudc.

Vidu:

HCl(ag) + NaOH(aq) —  H,0 (¢) + NaCl (aq)
Phan (ing nay duge viét nhu sau:
cr (aﬁ] + Na'(aq) + H'(aq) + OH(aq) — H,0 {f) + Na'(aq) + Cl(aq)
C6 thé vié€t phan {mg trung hoa don gian nhu sau:
H'(ag) + OH(aq) = H,0(¢) AH 305 e = —55,835 kJ/mol
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Enthalpy trung hoa bing enthalpy phan ly nude thanh cdc ion v6i diu nguoc lai.

— Trong trudng hop trung hod axit yéu bang bazo yéu, sy tii hop cdc ion H" va OH
kém theo su dich chuyén cin bang phan ly ion clia axit yéu vi bazo yéu. Khi trung hoa axit
manh bing bazo yéu, hoac ngugc lai, néu bo qua nhiét hoa tan thi enthalpy trung hoa do dugc

bang L@ng cia hai s hang: enthalpy ciia bén than phan lmg mmg hoa ‘ya enthalpy phan ly hoin
[oin cic axit yéu hodc bazd yéu. Chinh vi vay mi nhiet irung hod cho khong nhiéu thong tin vé
dé manh cha axit va baza.

) Néng hiemg lién két

=

— Dinh nghia: Nang luong cdn phd va (hodc lam din) mot lién kéi tron in ti va
hai phdn ciia phan tir dioc tao thanh khi dé duge tdch xa nhaw ra dioc goi la :ﬁ;zg lién
i _ \<\ P

C6 thé tinh ning luong lién kéi cho timg lién két riéng. Trir ir hop phan o hai
nguyén ti, trong da s6 trudng hop khong thé xdc dinh truc ti€p nan h@ uc clia mdi lién két
hod hoc riéng. C6 thé xdc dinh nang lugng lién két tir nhiét tao th nhiét chdy clia cdc hop
chét ciing nhu tir céc dir kién phé. Vi du nhy ning lugng tha@mng qua trinh 120 thanh mot
lién két cong hod tri gilfa hai nguyén tii & trang théi khi, i tuyéi déi bing nang lugng lién
két nhumg c6 dau nguoc lai. Chinh vi vay ma c6 thé dugc nang lugng lién két sau khi
xdc dinh duge nang luong tao thanh lién két.

Gia sir c6 hai nguyéntlr AvaB & [@(IQ khi. Nang lugng tao thanh lién  két bang
bién thién enthalpy AH,, g, clia phin fmg‘\
A@»B@ » A-B@
. xdyra O4p sudt bing 1 atm. vadrn ¢t do T = 298K. AH,,_p, ting véi qud trinh tao mot “mol”
~ lienkét A - B c6 ddu ank{@m nguyén 1a keal/mol. O 298K ning lugng lién két A — B dugc

- Viét nhu sau: @szm-
5 Nang 1 ly ting vdi phan tng nguge lai, ¢6 nghia 13 sy dit homolytic hodc
.- radical theo s

A-B — A" + B,

vé gid trj tuyét doi, bang ning lugng tao thanh lién két, nhung c6 dau nguge lai. Do chinh la
' nang luong cdn tiéu t6n dé lam dit lién két cong hod tri, vi viy ma né cé dﬁu duong. Nang lugng

phan ly nay doi khi do duoc trén thue nghiém, vi du nhu:

H-H -» H + H AH = 104 kcal/mol -
Cl-C - Q'+ CI° AH = 58 kcal/mol
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Trong trudng hop phan tir nhidu nguyén tlf, ngudi ta chdp nhan 1a bién thién enthalpy
ciia phan ting tao thanh phan tir nhu Vay tir cic nguyén 6 & trang thdai nguyén e va khi

bing
tdng nang lugng ciia cdc lién két duge tao thanh véi dau nguoc lai.
Vi du:

Trong qua trinh phan ng:
C(g) + 4H(g) — CH,(g)

&H g?ﬂ,r
iz0 thanh bdn lién két C - H, nén:
' '&H;EPE; = -4 AH ggs,c—ﬁ
Can nhin manh rang ¢6 sy khic nhau gitta enthalpy tao thanh vi nang luong Hﬂqﬁké’t nhur trong
vi du sau: _ ﬁ\
CH o+ - H-C AH, = 103 keal/mol  Nang\fiong lien ke
12H, + ]}'ZCli—:» H- AH, = ~ 22 keal/mol Mangdifong tao thanh

~ Tinh néng lwomg [ién kéi _ \:%
Bay gids ta thir tinh ning lugng lién két C—- Hva CLC g%
ctan tir cic nguyén ol bing cdch sty dung nhié¢t ciia céc phin '*' 5 durge quy vé OK sau day.
C(graphit) + 2H, — CH, (g); "' AH} = ~15,99 kcal/mol (I) fl
- 2C (graphit) + 3H, =.C,H, (2); "% AH|, =-16,52 kecal/mol (II)
C(graphit) — C(g); AHjy=172,7 keal/mol  (III)

H, = 2H; Qrb‘: AHY, = 103,05 keal/mol

(Iv)
T6 hop cdc phuong trinh (I-1V), ta d\?(

CH, = C(g) + 4H: @ | AHY, = 394,80 keal/mol (V)

CGH; = 20(g) + ﬁm?

AHY, = 671,10 keal/mol  (VI)

Niing lwong phén hanh cac nguyén tir & 0 K bing téng nang lugng tit ca cdc lien két .
trong phan tir. "\
O { AHY, = 394,80 kcal = 4E,._,;;

_ AHY, = 671,10 kcal = B¢ + 6By
Gi@%rhumg trinh hai 4n s6 trén ta duge
EE'—H = 98,?“’ k{:ajfm{ﬂ;

Ec.c = 78,90 kcal/mol

1.5 SUPHU THUQC NHIET CUA PHAN UNG VAQ NHIET PO
VA DINH LUAT KIRCHHOFF

Gia sir c6 mot phan ting hod hoc ¢6

phuong trinh & dang 1éng quét (1. 19) Xdy ra & 4p
sudt va nhiét do khong déi (p = constant, T

= constant). Khi d6 nhi¢t ciia phan ting nay Q, chinh
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la bién thién enthalpy AH. Néu phan vng dé xdy ra & nhiét d6 T+ dT thi nhiét cha
phin tng bing AH + d(AH). Mot diéu ri quan trong trong thyc tién hod hoc 1a phdi biét su phu
thudc AH vdo nhiét do dé cé khd ndng tinh nhiét cia phdn ting & nhiét dg khdc nhiét d tiéu
chudn. Pé 1am duoc diéu do ta hinh dung mét chu trinh nhu sau (xem hinh 1. 14):

a. Nang nhiét do ciia cdc chat i ban ddu tham gia phan iing tAng thém lén dT do. Mai
chit i ban dau trong hén hop phan tng c6 a; mol va nhiét dung mol 14 C,; v6i gia thi€i A c6 k

b
chét ban déu. Nhiet luong cén thiét cung c4p khi d6 bing Y_a,C, dT.

b. Nhin duwogc sin phdm clia phin tng xay ra & nhiét do T + dT va hiéu ing nhiét
¢ng vOi phan ting nay bang AH + dAH, d

Q40i%t 1a c6 1 sin

g trinh phan

c. Ha nhiét do clia sin phdm ciia phan tng xudng dT do. O day
phdm cila phan img va b, 1a hé s6 ty lugng diimg truée san phdm thit j tro

: I
mg. Luong nhiét cén 14y di tir sin phdm ciia phan img 1a - ), b,C ¢7
J

d. Phén tmg theo chiéu nghich cho két qua 14 cic sg‘w clia phan ng tuong tic vdi
nhau cho cdc chéit ban diu. Nhiét cia phan (g nay @ nhigt do T 12 —AH.

3¢ Qu4 trinh gém 4 giai doan a, b, ¢, d la mét chu'trinh kin. Trong truéng hop nay, nguyén
1§ 1 cha nhiét dong hoc cho phép viét:

h P:
2.3,C,dT + AH \@L b,C,,dT ~AH=0

]

20a)C,,; = AG, thi biéu thifc trén ¢6 thé duge viét lai nhu sau:

AH + dAH N Sﬁnphﬁ@cﬁaphﬁn {ng
&nhiet d6 T + dT
|
| -Zj}b C, dT
v

'Chét tham gia phan ting AH San pham cla phan (ng

& trang théi ban diu va & trang thdi cudi va nhiét do6 T
nhiét do T

Hinh 1. 14 So doé minh hoa dinh ludt Kirchhoff.
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—=A 1.
ar 6l (1.22)

Tix biéu thic (1. 22) rit ra duge cong thifc:

i k
daﬂ R T,
J=i

Cén It ¥ 14, trudng hop chung, C, trong phuong trinh (L. 22) khéng phai 14 hing s6 ma
I3 ham cua nhiét do. Su phu thudc nhiét dung mol vio nhi¢t do tuin theo mot trong hai phuong
frinh sau;

Co=a+ BT +yT? } | @Q (1. 23)

Co=a+ BT +9T? __

Phuong trinh (1. 22) néu Ién su phu thudc nhiét clia phan :,‘_' g 1104c qud trinh vao nhiét
do 12 bi€u thifc 1odn cia dinh luat Kirchhoff & dang vi ph&n Sirdung phuong tfinh clia dinh
luat Kirchhoff & dang tich phin tién loi hon, vi, sau khi ich pha lrc:r_ng khodng nhigt do tir T,

dén T,, phuong trinh: _ :
.
IdﬂH Lt‘c@r
tr& thanh: fbu% i

A l—lTl + IﬂdeT (1.24)
T

Do dé, biét nhiét clia phan ting 4@‘ & nhi¢t do T, ¢6 thé tinh dugc nhiét clia phan ding & nhiét

do T,. (:)O

Thuong, du u@gﬁ: 50 liéu vé nhiét tao thanh va nhiét chdy cho sin trong cic sdch tra
ctiu hod 1y c6 thé d&'dang tinh dugc nhiét clia phan tng hoic cia mot qua irinh & diéu kién tiéu
chudn T = 298 @ 1 atm nén, dé tinh h1¢u u:ng nhLEt o i:l! nh1é{ do T nao do, phuong trinh
(1. 24) conha diing & dan,g sau_ . gt )

AH} = AH3, + jm: i [\ (1. 24)

s T 298
Luu y: AH va ﬂHT:mng cdng thic (1. 24) va (1. 24°) Ia nhiét ciia phdn img hodc

cita qud trinh hod 1y, néi chung, ué’n khéng thém chi chit r, nghia la Hmng diing ky hiéu
AH . | hode ﬂH;r

Vidu I. 5 vé dp dung cong thikc (1. 24"
O 25°C phan ting téng hgp ammoniac :
N, (¢) + 3Hy(g) = 2NH,
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o Hie, = = 22,08 keal. Tim bidu thm: AH;, = f(T), nghia la tim phuong trinh néu 1én sy phu

" e e 1 =

thude n}ué_{ cua phan lrng trén vio nhiét do, néu biét nhiét dung mol cta cdc chit phan ng 1a:

C,(H,)=6.85+028.107T [calmol 'K ™]

C,(N,)=665 + 10°T [calmol™'K™"]

C,(NH,)= 592 + 896x 10°T  [calmol'K™]
Gidi

Khi sit dung cong thiic (1. 24") ta luu ¥ 12 AH,,, tinh theo kcal va nhiét dung cho & day

tinh theo calmol K™, nén phai ddi céc gid tri nhiét dung cho & day sang kcal.mol 'K '(\
C,(H,)=6.85x10"+0.28 x10°T '

CP(NE )= 6,65 %107+ 10° T = e\od
3

C,(NH, )= 5,92 x107 + 8,96 x10° T

va phuong trinh viét cho AH; trong truong hop nay co6 dang:
i
AHy, = Al + [[2€, (NH,)-3C, (B,)E°€, (N, )]t /

298
AH;, =-22,08 + $‘

I[2x592xlﬂ“3+2x896xl{} T-3x(6, ‘%’H}ZﬂxI{]‘ET)—ﬁ,ﬁEx_lﬂ'ﬂ-lﬂ“‘]dT

AHy, = ~22,08+ [(- 15,36 x @ 16,08 x 107°T) = -22, na 15, 35:{10"T1:ga

298 -

8,04x10° T2 -Cjz —1536('1‘-293}1D"+3{14(T2 2982)10°¢

*

AHy, =-22,08 -15,36 +15,36x298x107™ + 8,04x107°T* ~8,04 x 88804 x10™°
AHy, = ~22,08 536 x107°T +4,57728 + 8,04x107° T* - 0,7139841

&.HTF@TMIG ~15,36 x107°T+ 8,04x10™° T
Dip s6: AH;, =-18,2167 —15,36 x107T+ 8,04x107°T*

= v A ST R R

aeg
=]
rrrsad
! '.!.--.
i
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BAI TAP CHUONG 1

‘ P RT .
1. Thé nao 1a ham trang thdi? Kiém tra xem V =——c6 phai la ham trang thdi khong?
p

‘i Mot khi nd chia irong xylanh cé piston ning 5 kg. Sau tiéng né piston dugc ning 1én
12 m va nhiét phat ra 14 80 cal. Tinh bién thién noi nﬁngl?:rrﬁa khi. R
Pips: AU=-922,72] g B R i

.-"

//'X Khi dot ch&y ammﬂmac xﬁy ra p-lwn ing:. .\

4NH1(E} + 302(@) = ZNE{E} + ﬁHzﬂﬂl
Biét ring & 25° C va 4p sudt 101,325 kPa cif tao dugc 4 89

vd AH3, (H,0) = ~285,83 ki/mol™
R
Tinh: e e

a) &H;,‘,h_ ciia phan iing. f) r;\{\Q' i T : ;
b) ‘ﬁHm ( )5 L N | ff
Pép 56: ) AHS, = ~1530,7 kJ ’Q‘ '

]
b) AHS,, (NH,)

kJ mol™

trong 10 cao la:
+ 3C0(g) = 2Fe (g) + 3CQ, ()

i ' , A :
Tinh AHY, ﬁagﬁn ing: Rl{g_". ki

.

Cho biﬁ:@ bang II. 1 phu luc B) I'*.I

0 ﬂH;“-f (F‘EIDE )3= ‘324',2 kJ mol ™! T S 'l.l
| ( ) AH3, (CO), = 110525 K mol™

AHS,, (€O, ),= 393,059 kI mol™* ’

Dapsd: AHI, /:5_= =23,402 kJ
5. O 25°C vadp suiit 1 atm nhiét chdy ctia cyclopropan khi (CHI) cia graphit, vﬁ '
L] ciia hydro ldn luct bing: '

AH 3, . (cyclopropan) = —2091,372 kJ mol™

AH3  (graphit) = 393,513 kJ mol™
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AHS, . (H,) = -285,838 kJ mol™

Ciing & diéu kién dé nhiét sinh (nhiét tao thanh) AHj, ¢ (propen) .-::ita propen khi
CH,— CH=CH, bing 20.42 kJ mol .

Tinh :

a) AH % ; cia cyclopropan khi. o o

*
——
I_-r"}.
s

LY
-

b) AH3,, clia phan ting ddng phan hod :
(CH,),; (@ = CH,=CH-CH\(® »
Pép s6: a) AH,; (CH, ),(2) = 53,319 kJ mol™

b) Ay, (CH, ), (@) = - 32,899 kJ mol ™

A&
JB. Tinh AHYy,  ctia phan ing : 0%

C (graphit) + O, (g) = CO, (g) Q—
& 1500 K , cho biét : (xem bang II. 1 (1i€p 2), phuluc B)

)

%,

Chit afﬂgﬂ[mo,nvg}( cgiJK"mn;-']
C {graphit) \X 8,527 |

S 0, (2) {(\ 29,355
S 0, (g) GP 393,059 3711
150400 ¢ @3:9869 k‘I

Pép s6: AH®
T a) Tinh AH3, ciia phén img :

mig)@ﬁ (g) = CO,(g) + H,(g) & 1000K.

i A o8 TRt N e
s e A bl iR R L
- ot nket b AR R e R e o e
L L AL e - L it
I . L .- - -
" gt [k .

o Chat @ -| HOW CO, (2)
i AHe. - [Kimol™] ~110,525 ~241,818 | —393,059
o Hs‘f r i

g chi trang thdi khi, con v chi trang thdi hoi
b). Tim phuong trinh néu lén sy phu thuoc cia AHS _cba phin ting trén vao nhiét do. .

~ Chobict:




=
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. C(C0), = 26,5366 + 7,6830 x 107 T - 1,17193 x 107 T2 (JK mol - ) )

-

: q(cgl) = 26,7608 + 42,2584 x 107 T—14.2465 x 10°T*

Gy(H,0) = 30,2043 +9,9328 x 107 T+ 1,1171 x 107 T?

“Cy(H, )= 29,0658 - 0,8363 x 107 T +2,0116 x 107°T?

c) Tinh AH®

1273, ©Ua phan ting trén & 1000°C

v Dip s6: a) AHS,,, =~40,716 kJ 'Q“

O

v/ b) AH? = —41393,14342 - 0,9143T + 11,90315 x gx— 4,06 <1075 T°

c) AHY,;,, = —31643,4 = 31,6434 kJ

”\
% 450 g hoi nude ngung tu & 100°C dudi dp sﬁ{r}hong doi 1 atm. Nhiét hod hoi
ciia nudc O nhiét dd nay 1a 539 cal/g. Tinh Q, W va AU.

Pidp s6: Q =-242,55 Kcal. = —lﬂl4 83 klg @ Nz

Rt % 4, W=T7528K
——93?31:]——2241: ‘%w At f iie v Aé \
L 1.||.rl
QO 1T:'nhQ va Qy §25°C cia
’ ¥ i W %“ ) o dj&ﬁ_j i .
a. CH, (g) +20,(g) =C HO(v) ; AH3, AR =& ;
b. C{graphﬂ}+ (8 VAHL.. |

Cho biét: (xem bang II. @1&1: 2), phu luc B)
AH%, =-74,81 kJ. mol™' = —17880 cal . mol™
Q@ =-393,059 kJ. mol™' = -93943,35564 cal . mol™
=-241,818 kJ. mol™ = -57795,8891 cal.mol™'

ilH‘;gg‘f (CO) =-110,525 kJ. mol™ = —26416,10899 cal . mol™
Dip s6: a. AH,= Q, =-192,055 keal; Q,=Qy

i
bl

b. ﬁH;r-Qd, 4Y1112ca! Q, =40519 cal

10. Nguita dléu,éhé 100 cm® dung dich H,SO, 2N va 200 cm’ dung dich NaOH IN.
Cho hai dung dich trén vao mot nhiét luong k€ ¢6 nhiét dung 1a 200,64 JK ™', Nhiét do ban diu
ciia nhiét lugng k& la 22,50°C va nhiét do cuéi 1a 30,14°C. Tinh nhiét trung hoa AH,,, 1 mol
H,S0, (theo kcal) & do pha lodng nay.
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Cho biét dung dich tao thanh sau phan dng ¢6 khéi lugng riéng va nhiét dung riéng
twong tng la p = 1,036 g cm™ va ¢, = 40755 J.K 'g"'. Nhiét do ban ddu ciia cic dung dich
H,S0, va NaOH ciing 1a 22,50"°C.

DAap 56: AH, g ot = A pcuratizaiion = —26,407 keal (trung hoa 14 qua trinh toa nhiét nén,
theo quy ude vé diu, nhiét c6 ddu am).
11. Nhiét trung hod mol AH,,,, cia NaOH véi HCl, HF vi HCN twong ting 1a —13,77;
~16,27 va —28,85 kcal.mol™. Xdc dinh nhiét phan ly AH,;,,.. cia HF vd HCN.
Ddp s6: AH.. (HF) = 2,5 keal.mol™ (\
AH,.... (HCN) = 10,92 kcal.mol™

Trong qud trinh phan ly hé thu nhiét nén, theo quy uéc vé diu, nhiét cé dﬁ‘l&

12. a) Tinh nhiét AH3,,, cta phan tng:
Hy(g) + S(s) + 20,(g) + 5H,0 = H,30,. @'
J day s chi trang théi rin i
Biét ring nhiét tao thanh (nhiét sinh) ciia H, Q’la AH% (H,80,), = -193,75 \

kcal.mol™', nhiét pha lodng vai 5 mol nudce 1a AHy, Qﬁ 6 kcal.
b) Pha lodng dung dich & a) dé ﬂm@ dich H,S0,, 20 H,O. Tinh nhiét phat ra AHy,

: clia qué trinh nay, biét : x
e H,S0,(¢)+ 20H,0 = H, H,O 3 AHp e = AHy = 17,2 keal \

Didp s6: a) AH%, = —2@1 mol™

b) AH,, \@ keal

13. Phan ﬁng@ﬁa mot hydrocarbon 1a

O (3n+1)
O CHaur +| —=— | 0, =nCO, + (n+1)H,0

2
AH_= AH,

a) Lap cong thic AH, theo cic nang luong lién k&t E., Eco, Eec s Eowo va By _
. Chﬁtﬂg minh ring AH, c6 dang:

AH,=An+B
b) Cho biét cic gid tri ning luong lién két: Eq_g =118 keal ; Ec., = 191 keal

Eo-y=110kcal ; Ec-¢ =83 keal
Tinh E._, va cdc hing s6 A, B, biét ring nhiét chdy AH  clia metan Ia
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AH, (CH, )= 193 keal.mol™.

¢) Tinh nhit chay AH, (C,H, ) cita etan

Dip s6: a) AH, = —146n — 48
b) Eey= 98,25 keal

¢) AH, (C,H; )= ~340 keal mol™

14. Tinh nhiét do t dat duge bdi phin dng nhiét nhom :

Fe,0, + 2Al = 2Fe + Al,O, ?
Coi rdng nhiét ton that bing 50%. Nhiét dung riéng ciia Fe va Al{O%iong tng 13 0,16
v2 0,20 calK.g™". Céic s6 liéu cdn thiét tra trong bang I phu luc B E‘Q

Pdp s6: 2668,78°C

15. Tinh bién thién n6i ning cha qud trinh bay hei Agnu?::ﬁn & nhiét do T = 423K,
biét rang nhiét bay hoi bing 2109,2 kJ/kg. Xem hoi 12 khi g va bo qua thé tich nuéc 1ong.

Pap s6: AU =1913,81395 k1 -

\17 147 574 (T8




clohydric thi tao thanh clorua k&m va hydro:

: lai, cdc qud trinh nghich khong tu xay ra.
- vit lanh sang vt néng hoac clorua k{:?&jg{l xtic v4i hydro khong chuyén thanh axit clohydric va
kém.
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NGUYEN LY Il CUA NHIET PONG HOC
VA AP DUNG NGUYEN LY NAY VAO HOA HQOC

MO PAU ; d‘:\

Trong thién nhién cdc bién d6i hod hoc hodc vit Iy bao gio c@ra theo chiéu
hudng xdc dinh. Vi du nhu khi chira tmﬁg mot thé tich nhit dinh, khi ﬂéa!ﬁ v6i mot binh réng,
n6 lap tirc chiém ngay toan bo thé tich gém thé tich cii cong vdi hé ei4 binh mdi va dp sudl
ciia khi gidm. Khi hai vat c6 nhiét do ti€p xic vi nhau thi nhiét S& htiyén'tir vit néng hon sang
vat ngudi hon cho t6i khi nhiét do ciia hai vat dugc san béféqugﬁl cho mot miéng kém vao axit

, + H,T

7n + 2HCI

T4t cA cdc bién ddi trén déu 1a nrxci" ¢ duoe goi 1a cic qud trinh tw nhién. Nguge
hu khi khong tw nén lai, nhiét khong truyén tir

Trong hod hoc mot vﬁnﬁ@c biét quan trong 1 ¢6 dugc tiéu chudn cho phép tién dodn

- “dugc xem phin ting hod & tr xdy ra hay khong va xdc dinh dugc thanh phén cla san

......

- ;phﬁm duoc tao thanh.

Nguyén .|' %ﬁ:t déong hoc la nguyén 1y bdo toan ndang liwgng ép dung cho truong

: hﬁp cong v u:ng nguyén 1y niy khong loai trit kha nang nhiét c6 thé dugc truyén tir vat
. lanh sang vat héng, khi c6 thé nr nén lai. Tir d6 ta thdy c6 nhiing qud trinh khong mau thudn vai
_'ﬂ nguyén Iy 1, nhu‘ng khong xdy ra trén thyc 1&, Nguyén Iy I néi lén tinh tuong duong vé mdt dinh
g luong giita-eéngva nhiét, nghia la cong c6 thé bién thanh nhiét 100%, con nguyén Iy I phan dnh
B .'::.i.‘mh khéng tuomg duong vé mdt dinh tinh giita céng va nhiét, cu thé 1a nhiét khong [hé bi¢n thinh

hcﬂng 100%. Nha ky su ngudi Phap Carnot di nghién cifu may nhiét va dya trén co s& do rit ra

_"ﬁt';guﬁn 1y II ctia nhiét dong hoc. Nguyén 1§ nay cho phép riit ra cdc ham s6 ma ding bién thién
. clia ching c6 thé tién dodn duge chiéu hudng dién bién ciia qué trinh.
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2.1 MAY NHIET VA CHU TRINH CARNOT CUA MOT KHf LY TUGNG

Binh nghia: Ngudn nhiét ) ﬁ}':fé‘f do T la mét hé co khd ndng nhuwong hode hdp thu
nhi¢t ma khong thay déi nhi¢t dg cia né.

Ta xét su trao déi nhiét giiia hé va hai ngudn nhiét [ va 11 tinh cho mot mol. Ngudi ta
ding thuit ngit chu trinh Carnot dé chi mot bién déi gia tinh kin ma trong do he trao doi nhiét
vdi hai nguén nhiét c6 nhigt do T, vi T. Mot bién ddi duge goi 12 gia itnh néu nd thod man diéu
kién sau: .
ay O moi thoi thei diém, hé & trang thai cdn béng. Diéu kién nay kéo theo dp sudt, nhié
g, dién the€ va ndng do phai 12 déng nhit. Khi dé bign déi 1a mot loat lien tiéj{p{ic trang thédi can

o ®

b) Trao déi nhiét, ning luong v..v...véi moi iruong duc hién mot cach ihuaﬁ
nghich .

T6m lai, c6 thé n6i mot bien déi duge goi 1a gia (i n@?ﬁ gom mot diy cdc trang théi
can bang clia hé thyc hién trao déi thuan nghich véi moi t bén ngodi. Nhiing bién déi thuan
nghich duy nhét ¢6 kha nang dam béo tinh thudn nghi nhiét Ia nhiing bi€n d6i ding nhiét v
doan nhigt. Hon nifa, tinh thuan nghich co hoc {i:. dam bio, nghia Ia phdi giit cho 4p suat

bén trong va bén ngoai bing nhau.
Mady nhiét 12 mot thiét bj sir dung @ é tién hanh cong co hoc bang cdch dua “vat
lam viéc “ qua mét chu trinh kin. j tri cic b phan clia mdy nhiét Carnot nhu sau:

(Xem hinh 2.1) \X

"l.‘
Nguﬁ@ nhiét do cao T,

O

& QI

Thiét bi chira
fluid lam viéc |- W=Q, - gz Moi trudng bén ngoai

Nguén thu nhiét &
nhiét do thip T,

Hinh 2.1 Cdc bg phdn chinh ciia mot may nhiét.

R,

A\
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Cac mii: tén trén hinh 2. 1 cho thiy mdy nhiét nhin nhiét Q, tir ngudnnhiét cé nhiét do
cao T, r6i ti€n hanh I:{';ng d6i vai moi trudng bén ngoai, trao lugng nhiét Q, cho ngudn thu nhiét
c6 nhiét d¢ thidp hon T,. Theo quy ude vé diu Q, c¢6 dau duong, Q, ¢6 ddu am va W c6 diu am.
Dudi chit fluid 1am viéc & day ta s@ hiéu 1a khi, con rong trudng hop chung tir fluid dugc hiéu 1a
long hodc khi. Ngoai ra con cdn dam bao tinh thuin nghich co hoc bing cdch gilf 4p suét bén
trong va bén ngoai bing nhau. Ban thin mdy nhiét gdm mot xylanh 1y tudng vdi piston cé thé
dich chuyén khong c6 ma sdt khi ti€n hanh céng d&i vdi khi. Chu trinh 1am viéc ctia mdy nhiét
Carnot gdm bon budc sau (xem hinh 2. 2).

1. Ddn khi Iy tudng thugn nghich ddng  nhiét d nhiét dé T, ciia ngudn nhiét tir trang
thail dén trang théi 2 ,(\

Trong qud irinh din nd piston tién hinh céng W, ( theo quy udc la dm) d1
vdi moi trudng va luong nhiét Q, duoc hip thu tir ngudn nhiét ¢6 nhiét c@ . D€ dam bao
si truyén nhiét 12 thudn nghich, nhiét do ctia nguén nhiét chi cao hon O ciia khi mot dai
lugng vo ciing nho. Bién thién ndi ning cia hé U, ting véi qud trin Ayiléi khong AU, , =Q,
- W, = 0. Cong ma mdy nhiét cung cip bing lugng nhiét hip 3 lugng nhiét hip thy o
- ngudn nhiét bang:

Hinh 2. 2 Chu trinh lam viéc ciia mdy nhiét Carnot.
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2. Ddn khi Iy tudng thudn nghich doan nhiét v trang thdi 2 dén trang thai 3

P6i vai bude ndy xylanh va piston dugc cich ly vé mat nhiét nén khong c6 sy trao va
nhan nhiét. Su din nd ti€p tue dén khi nhiét do cha khi gidm t6i T,. Trong giai doan nay nhiét do
va thé tich ciia trang thdi ddu va trang théi cudi lién hé véi nhau boi hé thic: (xem lai cong thic

(1. 14))
TV =gy
Trong budc din nd nay piston thuc hién cong W d6i vai moéi irudng bén ngoai va:
AU, = =W,

3. Nénkhi Iy tucng thudn nghich ddng .*J.Fuér 1t trang thai 3 dén w an{:k‘)m 4

Trong giai doan nén ndy moi truong bén ngoii ti€n hanh co i vai khi hodc, néi
cich khdc, hé nhin cong co hoc va lugng nhiét (3, tir khi duge trag cie hgudn thu nhiét. Khi doé,
nhiét do ciia khi ha xuéng t6i gid tri T,. Cin lvu ¥ rang Q, 1a | ghg'nhiét hé nhuong lai nén co
diu 4m va nhiét do cia ngudn thu nhiét thap hon T, mi} gng vo cliing nho, vi vy ma sy

truyén nhiét & diy 1a thuin nghich.

4. Giai doan cu6i ciing 14 nén khi @\}ﬂg thudn nghich doan nhiét tir trang thdi 4 trd vé

trang thai 1

Giai doan nay duge dac %ﬁxn hé thic: \
i | O AU, =W, |
O T, V" =T, Vi

hoan tdt dong thdi khi duoc dua vé trang thi ban ddu & nhiet do T,.

va chu trin} - :

Trong giai doan-nén doan nhiét ndy moi trudmg bén ngoai tién hinh cong W déi v6i khi. So sdnh /
hai biéu thi C 1080 clia giai doan 2 va giai doan 4 rdi chia hai v& tuong (mg ca hai biéu thic cho |
nhau, t qui g
i y-1 ]
i { VI ) [ v*) = vl V"f ' v} v; :
| T = — R s — s == S e e—

Vs vV, _ vV, V, v, V,

Cic biéu thifc todn clia cdc giai doan 1 va 4 ciing c6 thé duoc viét lai nhur sau:
Q V, Q, Vi Vy

I it 41 | Exavoips ——*=Rln——=-Rln—

f I v T, TV, v,

' Cong hai v€ tuong iing ctia hai biéu thifc vira nhan duge, ta c6:
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% QA
T =0 2. 1)

Néu coi Q, va Q, 1a cdc gid tri dai 56 thi c6 thé vie lai bi€u thiic trén nhu sau:

Q.9 :
T T = (2. 1"

Cac hé thic (2. 1) hodc (2. 1) duge goi Ia hé thife Clausius. Ngoai ra, ding vé ¥ nghia
vat 1§, Q, va Q, chinh 14 luong nhiét bién thinh cong.

V \/ \Z
Q- Q,=RT, hl?l+RTzlnf=R(T ~T ]‘“1}“

Hi¢u sudt n cia mdy nhiét duge xdc dinh nhu 13 ty s6 cila lugng nhiét I:u@ h cong
chia cho lugng nhiét 14y tir ngudn nhiét, nghia la:

R(T, -T,) ]11-—

L s T @}9\\
N RT, In-—

Cudi ciing bidu thifc hieu sust cita may nhiét 1y @Am viéc theo chu trinh Carnot ¢é

& dang: *

T]= = d’n-l— (2. 2)

] \ OF A Q._Q1 . L
Q. Q T T, j b ﬂr; 1

'l.'l.]

Dai lugng %dunc gm la :gr@f riit gon. C6 thé viét téng dai s6 cha cic nhiét rit gon nhu

(2. 3)

L zz ENTROPY VA NGUYEN LY I CUA NHIET PONG HOC
2.2.1 ENTROPY

& Ta hinh dung c6 mot chu trinh ndio dé 1 —2 - 3 — 4 dugc ti€n hanh mot cdch thudin
"%1ch nhv dugc bi€u dién trén hinh 2. 3. Bing cic dudng cong ding nhiét va cdc dudng cong

t:ﬁn nhiét song song va cdch déu nhau bao gi0 cling c6 thé chia chu trinh thuc thinh mot s6 16n
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cdc chu trinh Carnot so dang. Khi khodng cdch giifa cdc dudng doan nhiét tién 16i O thi tdng cdc
chu trinh so ding ti€n 16i dien tich cha chu trinh di cho.

C6 thé viét biéu thitc tdng nhiét rit gon (biu thic dang 2. 3) cho mdi chu trinh Carnot
so dang.
P6i v6i chu trinh thit nhét:
0Q, aQ,
+—"m

L T

Chu irinh thit hai:

+ 0 V
@%h 2. 3 Chu trinh lam viéc cua mét mdy nhiét thuec.

@luu ¥ tong cdc gid tri %g la téng dai s6. Téng tdt cid cdc biéu thiic dang

R, + R viét cho t4i ca cdc chu trinh Carnot so déng sé la: Z n =0
L T T |
Néu s6 céc chu trinh Carnot so ding tién ti vo tan thi téng trén s& bién thanh tich phan

theo vong khép kin: i

(45 o=t - (422)...-0
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irrev,
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reversible trong tigh
nghich.)

61

tat cha chiy

g Anh cé nghia I3 thuan nghich,
tﬁchﬁinveversible bit thuan

con

6 nghia 13 bjdy thite dwsi
nhat dinh, Ham nay duoc
vay, co thé vig:

Mot he O trang th4; bit ky ¢
V. T, U xde dinh vi duy pha

Néu mor bign dg; thuin nghijc
khi dé, bigy thién enlropy twong Ung sg

gid tri p, khic.

h 1am cho hé chuyén iy ‘rang théi 1 sang 1@

g
t\._ {3 '\u.-
X
T M—K .

cla hai qud trinh: thuin
ing vai hai qua trinh s@ [a

= 8Qu. - 8W,., = S, 5w,

. Nhuiadapig, cong dugc h¢ cung cap moi Cﬁ% 4n nghich khi dj iy rang thdi 1 sang
- 'mng thdi 2, vé gig tr ruyer 4. pag 8it ciing 16® ‘cong duge cung cap mot cch by thugn
.nghich, nén )4

#

L FA R
Pt ]
b

BT
é\.l.- .
U

1
.%.

ot ot .
R

R
Fhff.“:.}k"-.{ :
o b2, L

thuin nghich va bat thuin nghjc(gﬁ

Vit bidu thte t6ng

o oW, .,
@_ng thdi cudi 1a nhu nha
cang mot gig trj, bay ding
6Qu,. > 8Q,.,

TdS > 8Q,,,,., ma ( ‘| E?Jm =0, nén ( d —?—] imw. < 0. C6 the

ci hai qu4 triph thuan nghjch

Vi vay, khj haj trang thdi diy

u thi, dé du trong hai triwomg
thiic:

N4
phai ding. Nhlrng@

va bét thusn nghich nhir say:

(2. 5)

J



Sweu tam boi GV. Nguyén Thanh Tu # Google.com/+DayKémQuyNhon

62 HOA LY — NHIET DONG HOA HOC

Bidu thiic (2. 5) 1a biéu thifc todn nguyén 1§ II ciia nhiét dong hoc, rong dé dau bang =
ting v6i qué trinh thuén nghich, con ddu bat dang thiic > hodc < tng v6i qud trinh bt thuan
nghich.

2.2.2 BIEN THIEN ENTROPY LA TIRU CHUAN TU DIEN BIEN CUA QUA
TRINH POI VOI HE CO LAP

Trong trudng hc;rp' hé doan nhiét Q = 0, nghia 1a khong cd sy trao doi nhiét giita hé véi
moi trudmg xung quanh thi phuong trinh (2. 5) trd thanh:

d3=0,
hoidc & dang tich phan:
AS20 d\(\
Vi d&u bing = tng v6i qud trinh thuin nghich va ddu bat wm > {ing v&i qud trinh

bat thuan nghich nén thiy duge ngay la entropy clia h¢ doan nhié g ddi trong cic qud trinh
thuan nghich (can bing) va ting trong cic qud irinh bét thua \ég
nay lai cing diing vi hé co lap khong trao déi ca nhiét 1dn{co

;ﬂi moi trudng xung quanh,

Nhu viy 1, bing céch khéo sét entropy, c6 én dodn duge chiéu hudng dién bién
ciia qud trinh trong hé 6 lép, cu thé 13, trong &@ cé ldp, néls entropy tdng thi qud trinh tuw
xdy ra nhu duge biéu dién trén hinh 2. 4 %q . |

%

Hinh 2. 4 Suthay déi entropy cia hé cé ldp theo thoi gian.

Entropy cia hé ting cho tdi khi dat t6i trang théi can hﬁngf:,ﬂhim dong hoc khong xét
véin dé 1a can bing dat duge trong bao lau. D61 vai mot thay ddi hitu han clia entropy thi ¢6 ba

kha ning c6 thé xay ra.

h. B&i vdi hé co 1ap thi diéu

&

E
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a) AS>0 7 Quétinhty Xay ra va la bt thuan nghich

b) AS=0( Hg dat trang thdi can bing hoic con goi la (2. 6)
- qud trinh cin bing

¢) AS<0 ) Qud trinh khong thé xdy ra

Khi qui trinh tu nhién xay ra trong h¢ c6 lip thi c6 sy ting entropy va entropy tiang idi
cuc dai & trang thdi can bing. Diéy kién cyc dai & day dugc xét cho entropy nhiz 13 him ciia céc
bién 56 nhat dinh nhu 4p sudt hoi trén chit long, nong do clia dung dich v..v...

C6 nhiéu cich phit biéu vé nguyeén Iy I chia nhiét dong hoc. O day dua ra phit bidu vé
nguyen Iy nay pht hop véi biéu thiic todn (2. 5) clia nguyen 1y da duogc dua ra & trén:

C6 mot ham trang théi 8 duge goi la entropy cé tinh chdt sau: E\c\

~$ 3 i ds = @Tﬁ va d5 > Winev

Trong qud trinh bat thudn nghich entropy ca hé cé ldgp r cé
- giit nguyén khong déi. P

| Luu y: Cdn chii y 1a, doi voi hé khdng cé 1dp, trong pigl qud trinh bién ddi, entropy clia
,-'ré' hodan toan cé thé giam. Su gidm entropy nay ctia hé du ge bis 11t bdng su tiing entropy ciia méi
._!‘_i___"#&?tg bén ngoai. Cé thé thay ré duoe diéu ndy, néi hé nghién ciru voi moi frigng bén
G Hgﬂﬂl va, khi dé, hé cé Idp gom hé dugc xét va Wong bén ngodi.

e Bién thién entropy AS,,,, b t\ﬁ%ﬁ toan bo bang tdng bién thien entropy AS,, ciia
- ‘he:va cila moi trudng bén ngodi, nén o6 theét:
o T QS,.@ ﬂsﬁg'l'ﬁsnﬁmm;hmm:ﬂi 20,

—AS,, >0 va AS it ben mgcai > 0
S ; 'Wé,cﬁ cam gidc 1A ding entropy dé gidi quyét cic vin dé thuc tién Ia mét
Ly khuvi cic qudtrinh xay ra trong tu nhién déu 1a bit thudn nghich ma trong céc biéu thic
4 lqiui trinh nhu vay lai ¢6 dau bat déng thiic, nén, biét duge cdc dic tinh cha qua trinh bat

- il nghich, khong thé tinh duge bién thien entropy S ing Vi qua trinh d6. Nhung, dé tinh
Dien thien entropy, ¢6 thé khic phuc dugc diéu niy bing cdch coi qué trinh nghién ctu XAy ra
: gnltghlﬂh nghia la thay mot qué trinh bt thuan nghich bang mét t6 hop cdc qué trinh thuan

' ﬁJF)]L mién 1a dam bao trong hai truong hop, thuan nghich va bat thuan nghich, trang thdi ddu

rang thai cusi 14 nhu nhau,

........
pza L
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Khi d6 bién thién eniropy tinh cho 18 hop céc qui trinh thuan nghich bang biéh thién
entropy trong qua irinh thuan nghich vi entropy 14 him irang thai.

Vidu2l I

Tinh bién thién entropy ciia qué trinh két tinh benzen cham dong & —5"C. Xac dinh chiéu
cila qué trinh. Cho biét:
~ Nhiét do néng chay ciia benzen Ty, y, = 5°C = 278K
— Nhiét néng chay mol ctia benzen AH )4 6. = 2370 cal/mol

— Nhiét dung mol ciia benzen ldng C(CsH), = 30,3 cal/)

— Nhiét dung mol ciia benzen rén C,(C,H, ), = 29,3 caum$
Gidi

-,
Qud trinh két tinh benzen chim dong xdy ra véi %31‘5}131 va do dé 12 qud trinh bat
thuan nghich, vi vay khéng thé tinh bi¢n thién entropy ci inh nay theo cong thije:

T

L0 . =
AS= 5, — Sy, = j—%d’l" . Dé tinh AS ¢ n@jl dung qua trinh xay ra thuan nghich, cé
T, ‘\%u :

nghia la xay ra v6 ciing cham & p = const ‘b% 0 moi thai diém nhiét dé ciia benzen (vat lam
viéc) triing vdi nhiét dé clia ngudn nhi sﬁxﬁc hon la khdc véi nhiét do clia nguén nhiét mot
dai lvong vo ciing nho. Péu tién tag:l%n benzen thuan nghich tr —5°C dén +5°C. Mudn vay o
cho benzen tudn ty ti€p xiic véi s ngudn nhiét véi diéu kién 13 nguén nhiét ti€p theo cé nhiét \
dd 16n hon nhiét do cla ngu ﬁdﬁng trude né voi mét dai luong vo ciing nhd. Sau dé, cho
benzen két tinh (qué tri & +5°C 1a thuin nghich) va cusi ciing Iam nguoi thudn nghich

benzen tinh thé nhin d nhiét do —-5°C.
So db cdc gidid6an dé nhu sau:
Ho(h 1k —5°C = 268K) AS, _ CeHy(tinh thé, t = -5°C = 268K)
Q™ s, AS,
@, as, -
CHY(L, t = +5°C = 278K) »  CeHy(tinh thé, t = +5°C = 278K)

Vi entropy la him trang thi va bién thién entropy ctia hé .khﬁng phu thudc dudmg di,
nén néu trang thdi ddu va trang théi cudi nhu nhau, thi bi€n thién entropy theo cdc con dudng
khéc nhau 12 nhu nhau va ta c6 thé viét: |
' AS, = AS, + AS, + AS,

28 (p - omd
AS, = I—'-’QdT = 2241 =303, InT™ = 30,3 (In 278 — In 268)
ik T A T 268

AS, =30,3x (5,627621114 ~ 5,59098698) = 30,3 x 0,036634134 = 11001426
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AS, = 1,11 cal.mol 'K !

Khi tinh AS, kém theo qud trinh két tinh cdn luu ¥ ring qud trinh két tinh 1a qud trinh
thodt nhiét nén nhiét cé ddu am, do do |

_..u-rr-.-—'—--'—n—

AS=-2370/278 = —8,525179856 cal.mol 'K
AS,=—8,525 cal.mol 'K

268 ?ﬁﬂ

b
AS, = f?dT j—dT =293 In T2 = 29,3 % (5,59098698 — 5,627621114)
278 278
AS; = 29,3 x (~0,036634134) = —1,073380126 cal mol'K""
AS, = -1,073 cal mol 'K _ 6
AS, = 1,11 - 8,525 -1,033 = - 8,448 cal.mo ’Q‘ {o" A Yoy KR
Duya trén két qua tinh todn vira ducc tién hinh c6 thé két luén la & -5"C khong

.f:_rh&i CsHg long chuyén thanh C.H, rdn, ma nguoc lai, benzen c &i)u trang thdi rin sang
- trang thdi long. Nhung két luan niy khong diing vi hé khong p@hé cé lap. Muén hé o

- thanh co 1ap ta phai dong thoi xét nd véi moi truding, c6 nghl ii k€ dén bién thién entropy
- _.._._J;:ﬁa moi truding AS,, . Mudn xét kha ning dién bién ¢ nh hphﬁi tinh
| _"er"- e [yp = ’ﬁsﬁﬂn E$Sm W"'"".L-
| 'DEtinh AS, e, phii biét: Qo A
”'%'f;:lf._jl : : [ Luong nhiét moi trudng nhin ha}a ‘ |
’ ; ( nhiét do T ndo xay ra su tr h{:lﬂ hodc nhan nhigt. Qud trinh: \

(£) — GCHi%)
_5:&:%@; ra u::rT 268 K va 0 nhiét rl ét toa ra moi tru{mg xung quanh (lugng nhiét ma moi

’m,gi’fng xung quanh hip thu} d inh theo cong thic clia dinh luat Kirchhoff AH, = ﬂHm
i IﬂCFdT va dp dung a@ iic cho trm:ing hop nay, ta cé:

268

@ = AHy + jaf: dT = AH,y, + ji (CoHe), - Cy(CeH, ), JaT

178
. AHyeq = 2370 + (29,7 — 30,3).(- 10) = (- —2370 + 6) cal.mol” = -2364 cal.mol™".

%f'.}__ﬂa}r 13 nhiét duge trao cho moi trubng va déng thoi cling 14 nhiét ma moi trudng nhan
I_f';iﬁﬁ“ﬂ Moi trudng nhan nhiét nén nhiét c6 ddu duong va bién thién entropy [’mg vai qué
Tﬂ{a’n nhiét ctia moi trudng sé 1a:

2364 i
AS i ity _%-3_ = E 82089552 cal.mol 'K~
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ASuts aimg = 8,82 cal.mol 'K
ﬁS““-m hiy = ﬁ%m.:mm}u I * ﬁsmﬂ irmmg _Ei448 + 8,82 - ﬂ,3?2 Cﬂ.l.lnﬂ]_l K_I
AS>0, nén & 268K va p = 101325 N.m™ qud trinh:
(-:F»I—L-( ! :' —> CﬁHﬁ{H}
14 c6 thé iy xay ra. :
2.3 GIAI THICH ENTROPY TREN CO SG THONG K
2.3.1 ENTROPY VA DO HON PON TRANG THAI CUA HE

s | Q
Tir nguyeén 1y II ciia nhiét dong hoc ta thay: O
5Q \S
— Mot mat, vidS = —T— nén entropy lién quan dén su tracv%gﬁﬁiél.
,.%}.:?}h
— Mt khdc, biéu thiic %{ dS cho thay “li€n quan dén tinh bat thuin

nghich (nhéc lai irrev. 12 ky hiéu ngan gon bat thuin nghi

C6 thé hiéu diéu nay néu dua trén quan nié f‘x@’tﬁu triic nguyén tir va phan ol cia vat
chat dé xét trang thdi ciia hé theo quan diém do r@jﬁ}%ﬁ do hon dén coa chuyén dong hoic cua
trang théi cac hat tao thanh hé. :;:? _

Vi du vé do trat ty 1y tudng cia Eﬁ? phin 1l 1 tinh thé két tinh déu dan cta don chit
(nhur kim loai) & nhiét do gin nhiét dokhong tuyét dsi. Trong tinh thé nhu vay cdc nguyén tr
(hodc phén tir) trong nit mang lll'l:’;i% ng gian tién hanh dao dong xung quanh vi tri cin bang \
vOi ndng lugng dao déng nho 't?“fhﬁng lugng dao dong zero). Theo Planck, entropy cua tinh
thé nhu vay biing khong [du@}pt III cia nhiét dong hoc s& duoc giéi thiéu ngay sau day trong
muc 2. 5). Khi ¢6 s hap ﬁlﬁnhiél thi trdt ty 1y tudng bi phd vo. Nhu vay la su cung cdp nhiét
kéo theo sur gidm d@@mn@c ting do hdn don ma tir hé thic:

P i
- AS= I—

~O T
ta cling W’khi do hén don tang thi entropy ciia hé ciing tang theo. Qué trinh cung cap nhiét
vira néu ra duge ti€n hanh trong diéu kién thuan nghich (ddu bing tmng bi€u thiic). Nhing
nhirng Iap luan vira néu ra cho qua trinh thudn nghich ciing diing cho qué trinh bit thuin nghich
vi theo nguyén ly trang thdi ddu va trang thdi cudi thi néu trang thdi ddu v trang thdi cudi 1a nhu
nhau thi bién thién entropy khong phu thude vio cich ti€n hanh qui trinh mét cdch thuan nghich
hodic bat thuan nghich dé di tir trang thdi nay sang trang thii kia.

Nhu vay, c6 thé néi téng quit la entropy ciia he ting song song vdi su tang do mat trat o
(hodc do hon don) trang thdi phan tir clia hé va vé€ mat dinh tinh, c6 thé coi entropy nhu ldg tluic
do do mdl trdt tw hode d¢é hén dén trang thdi phdn ni ctia hé.
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2.3.2 TRANG THAYI VI MO VA TRANG THAI VI MO

Ta da dua ra khai niém “trang thdi” cia hé dugc xdc dinh bang tip hop cdc tinh chit cha
né nhu nhiét do T, 4p suét p, thanh phin hod hoc, thé tich riéng v.v. . . Trang thai nhu viy ciia hé
duoc goi Iatrang thdi vi md, con nhimg dai luong xac dinh né duoc goi la nhitng dai fiiong vi mé.
Khi xdc dinh trang thai theo cach d6, & kich thudc vi mo, da bo qua tdc do va vi tri cha méi mot
trong cdc nguyén tir hodc phan tir tao nén hé. Ap sudt, mot dai luong vi mo, phan #nh bién thién
trung binh cia dong luong khi cac hat va cham lén thanh binh. Nhiét do lien quan dén gid tri
trung binh ciia dong niang va phu thude vao su phan bd tdc dé cia cdc hat.

Nguoc lai, trang thdi vi mé duge xdc dinh, khi biét t4t ca nhiing chi ti€t liély{q{{an dén
ting hat mot nhu vi tri, Xung lugng (dong luong) vov. .. d

N6i chung, ting véi mdi trang thai vi md da cho c6 s6 rat 16n trang th qumﬁ va nhimg
trang thdi vi mo nay chi phén biét duge trén qui mo vi mo. DE hiéu méi liemhe giita s& rang thdi
vi md ng voi 50 trang thii vi mo ta xét su phan bd phan tir dugc dun W 0t binh.

s Cho hai phin tir duge dianh s vao binh va chia mdt cd g (ugng binh thanh hai
khoang. Méi khoang dugc biéu dién bing mot hinh chir nhat, 6 thé theo déi duge nhiing
-phén tir nay thi quan sdt dugc bon su phin bé khic nhauEé@l c6.cia hai phan tir theo khoang

| : ..1.1hu sau: Q

. Trangthdivimo  a \\%\ / d
Trang thii vi mo 1 @ “H 111
; . Khi xét su phan b p@‘ u vy, Boltzmann chéiip nhin la khi mét phan tir di tir mot |
khuang sang khoang khac N\ g théi mot phén tlr tir khoang thit hai sang khoang thit nhit thi
e g'_]}hm X€t hai trang thai yi hdc nhau, con néu phan v di chuyén trong mét khoang thi khong

o -ichur tlang thdi vi m

Vs m_mﬁ@ vi mé c6 thé cé la: 2% = 4

Trén thuc té hm phan tr 1 nhu nhau nﬂ-n, g goc df:- Vi mo, ca‘ic trang thai vi mE- |J vacla
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Trang thdi vi Trong lugng théng ké hoic so
i mo trang thai vi mé ting voi mol trang
i thai vi mé
I :
I 2
I 1
L]

Néu dua ba phan tir vio trong binh, ta cé

S
=
b

b =+ ]
/
—_ o

o

" IV
' Trang thdi vi mo 0=
% 56 trang thdi vi mo 14 2° = Q # I 1
i | | \\ II 3
; 86 trang thai vi m =4 - :
i

i,, . TI@G‘E hop t6ng quit ta chia binh chifa N phan tir thanh k khoang.
!
“ wsﬁ trang thdi vi mo sé Ia k¥, :
Fl trudng hop ndy, dé xdc dinh mot trang thi vi mo, cdn xdc dinh s6 phan tir n,
E; trong khoang thit nht, s4 n, trong khoang thit hai va v..v.. Khi dé c6 thé ky hiéu cdc trang thii vi
i mo nhur sau: trang théi thit nhat duoe ky hiéu 14 I, thit hai bang II v..v... Téng s& hodn vi 4 N
Trong s6 cdc hodn vi phai loai trir cdc hodn vj khong cho trang thii vi mé mdi nghia 1a nhiing
;'1 hodn vi chi dwra t6i dich chuyén phan tir trong timg khoang. Todn hoc théng ké cho thay, tng voi
i mOot trang thdi vi moé nhur viy cé s6 trang théi vi mé duoe xdc dinh bai cong thirc
i
N! '
f i e
| n,'n,!n,1...° e |

trong d6 N =n, + n, +n, +




Swu tim boi GV. Nguyén Thanh Ti # Google.com/+DayKémQuyNhon

NGUYEN LY I CUA NHIET BONG HOC VA AP DUNG VAO HOA HOC 69

C6 thé tinh s trang thdi vi mé Gng v6i mot trang thii vi mo theo cong thic (2. 7).
Ching han nhu trong vi dy di néu ra, néu ¢6 ba phén tlr duge phin bé trong hai khoang thi ing
3! 3x2xl

gi trang thai vi mo II hodc HI cé = = 3 trang thai vi mo.
vdOi trang thii vim odc {:n“z! %1% ng thai vi

2.3.3 XAC SUAT NHIET PONG VA ENTROPY

‘@) Xdc sudt nhiét dong

Co 56 cha nhiét dong hoc thdng ke 14 gia thiét cho ring tal ca cdc hé vi mo g thich
v6i diéu kién da cho, vi du nhu tmg v&i nang lugng khong déi, vé mit todn hoc @ sudt nhu
nhau.
Khi tinh s& trang th:ii vi mo iing véi mot trang thai vi mo6 xdc din@dang thdy rang sd

trang thii vi mo € ing véi trang thdi vi moé Ia cuc dai khi N hat d han bé déu trong k
khoang, nghia la n, = n, = n; = ... Trong truong hop dic biét @ phin tir duoc tip trung

trong moét khoang duy nhdt thi s6 trang thdi vi mo s€ bing m@n[:r\

Q= EL’ =1 vi khl

| Co thé lién hé hai trang thdi vi mﬁl vira m% néu cho 1 mol khi vio mot binh réng.
- Trudng hop thif nhat 12 trudng hop Khi chié % & tich chia binh v vi cdc phan tir chuyén
o dﬁng hdn don nén, sau mot thii gian, cﬁn : ugc thiét lap va cdc phan tir dugc phan bd déu
~irong binh v6i s6 trang thdi vi mé la cyc\dai. Trutmg hop thit hai 1 trudng hop khi tit ca cic
e i'ph&!‘l tir khi tap trung trong mot kh 6 thé tich xdc dinh, chang han nhu trong 1 cm® véi s6
_'f-trang th4i vi mé bang 1. Trén thb@hﬁ c6 thé gap trudng hop thit hai va xdc sudt xay ra truong

hop nay di nhién I2 rdt nho.
i Qua vi du trén xdc sudt nhiét dong clia mot trang thii vi mo ty 1¢ thuan véi 36
ﬁang thdi vi mo ting g thai vi mo dé. Ngudi ta goi s6 trang thdi vi md (ng vdi mot trang

“ﬂ]:il Vi mo da {@@E sudt nhiét déng dugce ky hiéu 1a W, khi dé:

ks ﬁf Efai ' W = const x

: x.x:.___'_Ngﬂ&l ra, ¢6 thé cho hé s6 ty 1é bing 1 vi coi W 14 xéc sudt twong déi, nghia 1a xdc sudt cia
| Jﬂ,mg thdi da cho so vdi xdc suét ciia trang thdi chudn nio dé, va viét:
| N!

W=Q= (2. 7")
n,!'n,!In,l..

C6 thé coi xdc sudt todn hoc P nhu 14 mot phﬁn 35 tmng d6 W la tir 6 con mau s6 14 s0
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b Q
“Z.‘Sﬁ irang thdi vi mé co thé ed

(2. 8)

Theo dinh nghia vira néu ra thi xdc snat nhi¢t dong phai duge bidu dién bang mot con 6
kha 16n. Khi dé, sir dung cong thifc gdn ding Stirling n! = p"e™ ap dung cho trudng hop gid tri
Ién ctia n, ¢6 thé don gian biéu thiic xdc suat nhiét dong dé né khong chiia giai thira niia.

Lay logarit hai v& cia biéu thic (2. 7) cho kéi qua:

InQ=NInN-3X n; Inp,
Qua day ciing thay duoc rang dinh nghia xdc sudt todn hoc khéc dinh ng QE sudt nhiét dong.
Tuy vay, quy tic cong va nhan xdc suat cling van cé gia tri doi véi @ﬁt nhiét déng. Vi du
nhur mot hién tugng ¢é xdc suit nhiét dong 1a Q,, con mot hién q@ chdc, doc 1ap véi véi no.,

€O Xdac sudt €, thi xdc suat O hai hién tugng dong thoi xay q}ﬁnghtich Xdc sudt cia hai hién
twong trén, nghia la Q = Q,x0Q), N

Bay gio ta ¢6 thé bt tay vao xét vin dé ma vig@m quy€t né da dem lai vinh quang cho

nha vat Iy ngudi Ao Ludwig Boltzmann. D6 13 E’%ﬁ?ﬁp hé thic néu len méi quan he gilfa xdc
sudt nhiét déng va entropy.

b) Xdc sudt nhiét dong va ent@\?}
€ ctia nguyén ly

Theo Bolizmann, ¥ nghi [Qé@ IT ciia nhiét dong hoc 1a & ch qua
trinh trong hé c6 14p chi yé&u ti& i\ﬂén theo hudng xdc suat nhiét dong c6 gid tri 16n hon ci. N6i
cach khic 1a trén quy mo w@}cé xu lutong chuyén sang trang thai ma khi thire hién no, xdc
sudt nhiét dong la Ion kr.-'r%

Nhu vay 13 %} luat II ciia nhiét déng hoc khong cé y nghia tuyét doi nhu dinh luat I, |
Vi du nhur viée t\% anh trang thdi khong can bang nhu khi tu nén lai khong phai 1a wyet dsi |

khong thé xﬁy@n on gidn la xdc sudt nhiét dong dé thue hién dugc nhiing trang thi nhu vay |
1a rit nhg mig} trang thdi vi mé tng véi chiing rdt nho. Tuy nhién, khong loai trir kha nang thuc
tai cﬁ:ﬁﬁ}g trang thai d6. Déi véi hé co 1ap, mot mit, hé fir tién trién theo lung tang xde sudt
ihi¢t dgng va trang thdi cén béng Umg vdi s6 trang thdi vi m6 12 cuc dai. Mat khdc, entropy ciia
hé cé ldp ciing thay déi nine vay va do dé ma cé moéi lién hé giita S va £, hoac, néi cdch khic,
entropy la hdm ciia xdc sudt nhiér déng, nén c6 thé viét § = I(W).

o

Pé thiet lap dang cia him nay, ta xét haj hé doc lap véi cac xdc suat W, va wy. Néu lap
tir cdc hé ndy mot hé phic tap thi xdc suit nhiét dong W clia hé méi, nhu ta di biét, duoc xdc
dinh bai biéu thic:

W=w, xw,

Entropy ctia hé xét riéng;
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5, = f(wt); 8, =f(w,)
Vi entropy 13 dai lugng dung tinh nén né mang tinh chét cong tinh. Do d6, c6 thé viét:

§=5,+8, hoic f(W)=f(w,)+f(w,)
Nhung do W = w, x w;, nén:
f{W}=f(w, b w2]=f(w,)+ f(wl) : (2.9)

Quan sat cdc biéu thic (2. 9) ¢6 thé thdy ngay dugc rang entropy la ham logarit clia xdc sufi
nhiét dong vi logarit clia mot tich bang t6ng logarit ciia céc thira 56 va biéu thiic (2. 9) cho théy
¢6 thé viét ngay biéu thic néu 1én mdi lién hé giiia entropy va xdc sudt nhiét dong {chinh Xdc 6
mot hiang s6 k)

S=kInW (.?. 10)

Biy gio ta s€ ching to rang giita hang s6 k s& dugc ky hiéu 1a kg @Qﬂ 12 hang so
Boltzmann) v hang s6 khi R ¢6 mdi lién hé xédc dinh nhu sau:

R
kg = — = 1,38054 x 107" JK™ O— (2. 11)
N,
: V& mit toan hoc, cé thé tim mdai lién hé giita en E@ﬁx\éc sudt nhiét dong mot cich
- nghlém ngat hon. Muén vy, diu tién ta vi phan phuon (2. 9:) theo w]

wzf’(w W2 )Q%V.w: =

o _sau dé vi phan két qua nhin dugc theo w;: \X

£i(w,)
e e VR wi

'::ZI?Nhl.mg £ (w, )= w,f {w W, - E&Jtmng tir s& clia vé& phai cha phuong trinh vira nhin duge, ta
-";._Lha},r f’ (wI )biing w,f’ % |

& . 5
s P 2

f‘(w1w2)+w,wﬂ“(w1w1}=ﬂ hoic £ (W)+ W™ (W)=0 — ey

va cd:

Cﬁ thé viét lai phuong trinh vira nhan dugc nhu sau:

" (W) dW

......I_............. dw Pl eI S

f'(W) W
Sau khi 1dy tich phan

k
Inf’ (W) = ~InW + Ink = In— ,
W

i
i
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e

trong do Ink Ia hing s6 tich phan, Vi trong bigu thiic Inf"(W) = ]HE hai gid trj logarit bing

nhau nén bi€u thitc dusi logarit ciing phai bing nhau, do 46

k
Sau khi nhéan hai v&€ ciia biéu thiie trén véi dW
P(W)dW = kﬁ
W

rdi tich phan ldn nita, ta duge: {\

f(W) = kln W + const

S = klnW + const é(.\

Nhung do: \%
S=8§+5 0—0‘
f(W) = f(w, )tf@ const

nén hang s6 tich phan & day bang 0 va cudi ciing, fa-co:
InW

Phuong trinh (2. 10) thiét f@éu h¢ giia entropy va xdc suft nhigt dong duge goi
la phuong trinh Boltzmann. Phlrmkt (2. 10) nay la co s& ciia nhiet dong hoc thdng ke.

ing ra ma néi, hi
cho entropy xdc dinh th

trong phuong trinh (2. 10) 14 tuy tién, nhumg nén chon né sao
g trinh Boltzmann tring véi entropy “nhiét dong™ dugc xic
dinh theo dinh luat 11 ¢ ¢t dong hoc. Muén thé ta xét qud trinh dan n& ding nhiét tir thé
tich V, dén thé tic wduge biéu dién trén hinh 2. 5. Tir hinh 2. 5 cling thdy ngay duge
ring ty s6 xdc s 2 MOL phan tlr ¢6 & thé tich V, chia cho xdc suit W, phan tir d6 c6 & thé

. ~ ; : " w, V, o TN .-
tich V, b&@ $0 clia hai thé tich, nghia 1a ——~=¥— - N€u ¢6 hai phan tir thi ty s6 xdc suit

i |
O o .
hai phén tir d6 ¢6 trong thé tich V,vaV,séli [?I-J - RO rang 14, d&i v6i | mol khi, c6 thé viét:
i

W, m
w, \v,)

trong d6 N, 1a s6 Avogadro va, nhr ta d biét, N, = 6,002252 x 10*,

T TR R
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Hinh 2. 5 Minh hoa quan hé
" gum xdc sudi phdn i cé trong
v, ph.:zrz fit the tich V, va W, la xdc
sudt ma phdn tr 51':5 co trong phdn
tir thé tich V

‘Theo cong thife Bolizmann:
— entropy S, ctia I mol khi chi€m thé tich V, bang S, =k, In W, 60
— entropy 3, cua 1 mol khi chi€ém thé tich V, bing S, =k In W, \(\

Bién thién entropy AS trong qud trinh | mol khi din nd tir thé Sh% , dén 'V, s€ la;

w O
: AS = 52 SI: = kﬁ ill
m_igli_'_.}'_:.?;_“::;!j.i:nal_‘.‘: AS=5,-§ =N,k Mg}

i Mat khdc, bién thién entropy trong qu % ding nhiét 1 mol ki tir thé tich V, dén
thé tich V, dugc tinh theo cong thijc:

R
e . e u
L - Lo h
Al
S T | S — -_
e U e 2 I =y
I e gy e e E -lq"rl'
-, ¥ I
e it ] o

4

C}Q)ﬁﬂ s =1,38054 x 107 JK™!

% N, _
v& I:a nhin duoc cﬁﬁ% (2. 11). Nhir da n6i ¢ trén, hang 56 k duge xdc dinh nhu vay duge goi
hing s& Bol duge kv hiéu 1a k.

| Tathdy, khi s6 trang thdi vi mo lien quan dén trang théi Vi mo cita hé tang thi entropy

G VE mat dinh tinh, ta di gii thich entropy clia hé nhu 13 thu6e do do hén don trang thai
r'l- 116 Bay gio lai thdy, vé mat dinh luong, thuéc do do hén don cia hé 13 xdc sudt nhiét dong
1 &c 56 trang thdi vi mo. Theo quan diém nay thi tdt cd nhimg thay déi xay ra trong hé lién quan
! h&'g ﬂ}lil nhiét nhu dun néng, néng chiy, hod hoi v..v... lién quan dén sy ting xdc suat nhiét
, tng s trang thdi vi mo. S6 trang thdi vi mo lén hon nay (ng véi trang thdi vi moé mdi.

Vi viy, dé bién thién e%;@ dugc tinh theo xdc sudt théng ké tring véi bién thién.

A
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Nhw vay 14, sir dung cong thiic Boltzmann, c6 thé tinh bi&n thién entropy ciia hé trong qud trinh
lién quan dén truyén nhiét. |

2.4 TINH BIEN THIEN ENTROPY CHO MOT SO QUA TRINH

Tat cd nhimg tinh todn bién thién entropy déu xudt phat tir dinh nghia va ¥ nghia cla
entropy. Ta xét tinh bién thién entropy cho mot s6 qud trinh dién hinh. Chiing c6 thé 1 co s&
dé tinh bién thién entropy cho nhiig qud trinh phiic tap hon.

2.4.1 BIEN THIEN ENTROPY TRONG QUA TRINH THAY DOI TRANG THAI
CUA CHAT NGUYEN CHAT @

Xét su thay doi trang théi ¢at Iy (hodc bién déi pha) cia m@ chat nhat dinh (duoc
tinh bang mol hodc bing don vi khéi luong nhu gram hoic kiingm% 1.V...) Xay ra thuan nghich
G dp suat khong déi. Trong qué trinh bién déi pha, nhiét do he -4 T vigs a6i jna = cONSL. NEU €6
| ién entropy trong qud trinh dé

n mol (hodc m gram hoic kilogram) chat thay déi pha thi b
dugc tinh theo cong thiic sau:

T @ mx £
AS= hoic s \ (2. 12)
T A T. -
bign ddi pha

biéh adi pha E;

trong d6 T asi i 12 nhiét do bién déi
L — nhiét chuyén pha mnn\x
£ — nhiét chuyén pha riéng.

Phuong trinh (2. 12) dp dung dé tinh bién thién entropy cho cdc qud trinh bién ddi
giira hai pha néi chung nh{_}hﬁng hoa, hod hoi, néng chay, chuyén tir mot dang thii hinh nay
clia mot chit rin s @g"{hﬂ hinh khac v..v...

Tuy da g chuong 1, nhung & day ciing nhic lai ring nhiét néng chiy duge ky
hiéu kém the if fus., hod hoi — vap., thing hoa — subl.

Vi 2.2

Tinh bién thién entropy khi | mol nuéc dd tan & 0°C va & dp sudt khi quyén, biét ring
nhiét néng chay mol ctia nudc dd & diéu kién di cho 1a AH 271 us, = 1436 cal mol™
Gidi
Qua trinh duge biéu dién nhu sau:
H,0@) — H,O((f); AHY;; s (Hl,ﬂ‘] = 1436 cal mol™

T s o il




L
.:- =1
el - 1
P
prii
ELmias
g il

= thfrc twrong t: <&’

“trong do:

.'.! S8
e
._.._I..'
oy

:e:'l_f:i.tq'gl‘&‘,m ...) tuong tmg, con C la nhi g mol va ¢ — nhiét dung riéng.

ﬁﬁng sd, ta cd:
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Bién thién entropy AS la duong va tmg vai trang thdi ban ddu ¢6 trat tw hon 1a trang théi
cudi va qud trinh ndng chdy cia chit nguyén chit xay ra & nhiét d6 khong déi nén ¢6 thé tinh
bién thién entropy theo céng thirc (2. 12):

AH,, (H,0) 1436 cal /mol
T..(H,0)  273I5K

AS = = 5,257 cal mol 'K’

2.4.2 BIEN THIEN ENTROPY CUA CHAT NGUYEN CHAT THEO NHIET PO

Ta tinh bién thién entropy chia chit nguyén chdi khi nhiét do cia nd thay déi ma khong
co su bién déi pha va su bién ddi xay ra & ap sudt khong déi. Vi nhiét do thay déi @ hai viét

entropy & dang vi phin: | \(\
a5 =L {)AE

T

Khi nhiét do thay doi, cé thé tién hanh bién déi mot cich nghich va trong trudng
hop dp sudt khong déi, nhiét 1a ham trang thdi nén cé thé viéi:

dQy, = dQ,, = CdT, do d: <

X
n va m la khoi luong chét tinh \56 mol hoic bing don vi khéi luong (gram hodc

Trong trudmg hop thay df.{ghi{:t do xay ra & thé tich khong déi, ciing ¢6 thé viél biéu

% T’nCV fme,,
Oas= [HdT hoge [T,

O~ = i
3 ap su{@ﬁ_c thé tich) khong déi, rong khodng nhiét do dugc xét, khi nhiét dung 13

r' : i I T |
AS =nC,ln ?‘* ;  AS=mc,n —Ti & 4p sudt khong déi va
[

x I
i (2.13)

i at T, T, i
L AS=nCyn T AS = meyln T & thé tich khong déi
PR T | i i

Néu c6 su dun néng entropy ting AS>0viT,> T,
Khi cé sur lam ngudi entropy giam AS<OviT,<T,

.-| e Y ey
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Gid st & nhier do khéng doi, c6 n mol khi chuyén tir thé tich v,

Vy> V,. Cin tinh bign thien entropy AS = Q,]‘f” - clia qud trinh nay.

Theo dinh luat Joule, néi nang cia khi
d0 khoéng déi, AU = 0. Tir dé

sang thé tich V, vi

Iy tudng chi phy thudc vao nhiet d6, nén, & nhiel

AU=W,, +Q,., =0

Do d6 {\
W O
AS = —5%
- T N
Nhw da thdy & trén, con g lrong qua irinh din ding nhi nghich ciia khi ly tudng:
V
W=-nRTIn—= \}
do do b

Y

fib.S=—-——"el=:1Rln:ili ‘%ag\\ﬂSmlR]nEj—
T \/ I P;

(2. 14)

13 biéu thic cén tim, %
Trong truémg hop dan nd, bién thie % a duong AS > 0 vi V2>V, va do hén dén ting.
Ngurge lai, déi véi qua trinh nén, e@gi&m AS <0viV, <V,

Vidy 2. 3 vé dp dun cong thic (2. 13) va (2. 14)

Tinh bién thién e cua qud trinh dan nd mot lugng khi argon ban ddu & 25"Cvaap
sudt p = latm dyng {réng binh 500 cm® 16i the tich 1000 em’ va nhiét d6 100 °C.  Cho biét
nhiét dung mol d@ﬂ cua argon bang 12,48 T XK' mol~"

Q - Gigi
6@}9 ta tinh s6 mol khi argon din né:

PV=0RT; n=pV/RT: 1 atm = 101325 Pa
0= 101325Pax 0,5x 107 m’
8,314Jmol 'K ' x 298

Ta hinh dung qua trinh nay xay ra nhu sau: Diu
sau dé cho dan né ding nhiet,

373
C,dT V, [ 373 VIJ
ﬂ; - = | = —_— —
S n(f T +RIHVJ n l.'L‘,,,.In2 +RIHV,

298 1

= (0,02 mol

tién dun néng déng tich 0,02 mol khi argon ,
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Thay 56 cho két qud
A5=0,02(12,48In1,251677852 + 8,3143In2) = 0,171287952 J K™
Pép sd: AS=0,171 J.K™

2.4.4 TINH BIEN THIEN ENTROPY CUA QUA TRINH TRON LAN HAI KHi

LY TUGNG

Vach ngan Hai khi khdc nhau, véi s8 mol ciia khi

’ thit nhit Ta n, va clia khi thit hai bing n,

pT,V,,n | p.T, V, 1, tuong ling, & cing diéu kién nlne v dp

sudt, khong tuong tdc hod h@r nhau,

T'rang thdi ban ddu chi€m cdc thé tich V, va oc ngan

cdch nhau bdi mot mAiE-ngan ma co thé

dé dang rvit ra duge. J6hi rit mang ngan ra

p.T, Vi+Vy n, +n, dp suft va nhigtde-khong thay déi. Hai

Trang thai cudi khi khuéch tag'wao nhau vi tao thanh mot

~ hén hop déng thé. @
- D01 v6i khi thit nhat, bign thién entropy s& 1a: \k—
. con déi v6i khi thit hai: Xb
o | vV, +V,
n v,
Bi€n thién entropy toan 0 e
V, V V. +V,
@‘}.Sz =nRln ——+ n,RIn————= (2. 15)
Vi v,
2,45 BIEN THIE) OPY LA HAM CUA p, TVACUAVVA T

i Gia sir cdn-finh bi€n thién entropy cho mét mol khi 1y tuéng va cho ring nhiét dung mol
'i:dmc coi 1a khong doi. Phy thudc vio nhiing bién s& doc lap duge chon ma cdn xét nhimg bidu

Trong trudmg hop chung:
8Q = CydT + 4V = C,dT + hdp = AdV + pdp .
~ Bté‘h thitc entropy la ham ciapva T '

o

iy
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0Q _dT _dp
e — a4+ h—
a5 T & T

trong trudng hop khi 1y twéng c6 thé duge vigi nhu sau: ( trong trudng hop khi 1y tudng

h=_v=_EJ
P
dT RT
dS = CF-—_p_T p
dT d
dS=C“T _R-FP @Q

T
aﬂ5=cpin?2—[{[ﬂ‘1;_z é‘:\ (2. 16)
1 1
a:%

~ Biéu thitc entropy ld ham ciiaV va T

Biéu thic téng quat Q§
dS= ' C'\%

trong trudmg hop khi 1y tuéng (£ = p) cé lhé ve, viét nhu sau:

dT RT dV

__.+_____—.-

AW IR
\

Qo T e
=G >

T V
G AS=C, In—=+R In— (2.17)

\\@ # | TI V:

THU BA (PINH LUAT BA) CUA NHIET PONG HOC
TROPY TUYET POI

2.5 NGUYEN)

2.5.1 PINH LUAT 111 CUA NHIRT PONG HOC

Khac v6i enthalpy ma chi ¢6 thé do dugc bién thién cha né, ¢6 thé tinh duogc gid tri tuyét
ddi clia entropy dua trén nguyén 1y ba ctia nhiét dong hoc.

Vao nhitng nim ddu cta thé ky XX T. D. Richards vi W. Nernst, déng thoi va doc lap
vdi nhau, trong qud trinh nghién ctiu bién thién entropy mot s6 phin img hod hoc ding nhiét, di

tim thay 1a khi nhiét d6 giam thi bién thién entropy ti€n t6i khong. Nam 1905 tir nhing nghién
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ctu do Nernst da di dén ket Juan 12 khi nhiét do tién 16i nhiét do khong twyét d6i 0 K thi, dai véi
tit ca céc phan img, bi€n thién entropy AS, clia phan iing tién t6i khong:
lim AS, =0
T—0
Nim 1912 Max Planck trén co 56 ¥ wdng ndy, nhung di xa hon, dii dua ra phét biéu sau
dugc goi la nguyén 1y I ciia nhiét dong hoc:

O uhiét do klvong tuyét doi, eniropy ciia chdt ran nguyén chdt tinh thé 1y niong bang
khéng

Tinh thé 1y twong 12 tinh thé ma trong d6 cdc nguyen i, phin tif chiém tat ca cdc niit
mang va duogc x€p dat mdt cdch tudn hoan.

Theo giai thich Elﬁng ké ctia entropy thi, & nhiét do khong tuyeét déi,
cha entropy ting vdi trang thdi vi mo dugc thuc hién bai mot trang théi vi nhét. He thiic

Boltzmann: \%
S=klnl=0 \}.
cho thdy diéu nay. Q.

2.5.2 TINH GIA TRI ENTROPY TUYET BOI . (Q\

%i’ tri entropy tuyét déi cho tat ca cic

¥¢ gid tri entropy cla mot chat & nhiét do
“khéng tuyét d6i bing cdch lay tich phéan

Nguyén 1y ba cha nhiét dong hoc cho phép ti
ﬂhﬁt nguyén chit ¢ bat cif nhiét do nio. C6 thé nhj
. mnng muén bt ki so vdi entropy cha nd & “%\ :

T
‘ﬂmg nhiét do gén nhiét do khﬁng
; blEn ddi pha trong khoang nhn:":i

':5_,- % tir nhiét do khong wyét déi téi @dﬁ can tinh. Diéu nay doi hoi phai do duoe nhiét &

61 0 K va xdc dinh bi€n thién enthalpy cho tit ca céc

b Gia sit, ¢ nhiét do T@Ep SUAt hﬁng I atm., cin tinh entropy ctia mot mol chét nguyén
% chﬁ't & trang thdi khi, ﬂ& ang thii ran chat d6 c6 thé tén tai & dang thi hinh [ va II dong thoi
:_f::%*;_,__ biét:

Tisu @és d6 ma tai d6 c6 su chuyén tir dang thl hinh I sang dang thu hinh II,

o — G, = Nhiét dung mol déing dp clia dang thix hinh rin I trong khoang nhiét do tir OK
:I'{m Ilhlﬁ[ d’D‘ T' = [

= AH, , ; — Nhiét chuyén tir dang thii hinh I sang dang thii hinh I,
— Ty — Nhiét d néng chay cia dang thit hinh rén I,
— G, — Nhiét dung mol déng dp ctia dang thi hinh rén II trong khoang nhiét do tir T, _,

Tl'm Hi{E )

— AH, y — Nhiét néng chy clia dang thii hinh rén I,




Swu tim boi GV. Nguyén Thanh Ti # Google.com/+DayKémQuyNhon

80 HOA LY - NHIET DONG HOA HOC

= T, — Nhiét d6 soi

— G~ Nhiét dung ding dp ciia chat Iong trong khﬂang nhiét do tir Ty, ; d€n T,
— ﬂ.HlW Nhiét hod hai,

— G, — Nhiét dung ciia chat dugc xét & dang khi.

Vi nhiing ky hiéu trén, ¢6 thé viét bidu thitc dé tinh entropy cita mot chat & thé khi va &
nhiét do T nhur sau:

SI‘ - Sl‘ Su ('Jl Sn N{
Tiain C ﬂH Tous 1 C i AH Tb:ul. “\ C
8= —-—dT+ N I il 1 =i £ dT+—% —22dT (2.18)
! ] T‘I_"” Tl—-l] T : Tf &l Tﬂu it T % Th£ T

Dua trén phuong trinh (2. 18) ¢6 thé tinh dwoc entrop khi thuc & nhiét do T va |
aim, néu hod hoi xay ra & nhiéi do binh thuong. Dé uh&n dy _trupy ciia khi 1y twong & 760
mm Hg va 25" C (nhiing dai lugng nay dugec cho sin wbne ‘ol u luc B) cdn ¢6 su bé chinh. Dai
legng bo chinh thuong nhé va theo phép gén diing nh 1h ¢6 thé bo qua.

C6 thé tinh entropy ciia chat nguyén {:h t,heu Iong, nhiét do T theo phuon g trinh
trén. Khi d6 hai s6 hang cuéi ciing mat di.

N&u chat & trang thdi rdn khcmc% c6 hai dang thii hinh ma nhiéu hon thi phai
thém cdc s6 hang g vai bién thién €n .._qu chi chuyén tir dang thii hinh nay sang dang thi hinh
khéc. Dé tinh entropy cua chit rin cit b & céc gid tri nhiét dung thuc nghiém duge xac dinh t6i
nhiét do thap nhat trong diéu Iﬂé l%? nghtém cho phép, vi du nhur tdi 10 K hodc it ra t6i 80 K.
Gid trj nhiét dung & sat 0 K digc xdc dinh bang cich ngoai suy theo phuong trinh Debye hodc
dva trén’cde 56 lieu thirc 4% '

Cac s6 hang m:i@ﬁn tim dugc bing phuong phip dé thi. Muén the, xay dung cdc

C,
dudng cong T :‘E@v& Xdc dmh gid tri tich phan theo dién tich han ch€ boi dudng cong f (T)
vi doan truc h@m gitia hai nhiét do [um]g ing.

2.5.3 ’Qﬁ[ BIEN THIEN ENTROPY CHO CAC PHAN UNG

C6 thé tmh bién thién entropy AS? 298, ¢ho phan g hod hoc & dang téng quat:
QA+ A, + LA, = h B,+b,B, +..5, B,

(cong thiic (1. 19) & diéy kién tiéu chudn dua trén cdc gid tri entropy ciia cdc chét tham gia phan
g va san phdm ctia phan g cho sin (xem bang phy luc B) theo cong thic:

Igﬂr'zhs Zﬂ. Sggg. . (2. 19)
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e ——

trong do by 12 hé s6 ty luong diing trudce sdn phim B, c6 gi4 tri entropy 203, €lia phdn tng, con a,
— he 56 ty lugng dimg trudc chat tham gia phin tng A, ma gid tri entropy 13 8§° 208
Ciing dé dang thdy ring, c6 thé tinh bién thién entropy cia phan tng & phist do T dira

trén cong thitc
: I / AC dT
AS3, = ASS, + j‘_,f__ 5 (2. 20)
208

1 k
trong d6 AC] = ijcp,j _ZEECP.E
-i='[ i=1

o AC dT
Néu ﬂCthﬁng phu thudc nhiét do thi tich phan _f co thé tf!ﬂl:@ﬂ}f bang

T ;
29815 A
D)

Vidy 2. 4 vé ip dung cong thifc (2. 19) Q_
Tinh bién thién entrpopy chudn clia phin ﬁ:ng-sau day: 6\

|
H,@)+ 5O, {g}xbgﬁ

ﬂCE In

Tir phu Iuc B ta tim A tri sau:
S;:_m (H; .91 J K mol™ ;i
S50s (0,)f2205,138 J K™ mol™ |

N |
S; @ = 130,684 J K™ mol™ d
"ﬁ 6 -ASy, = 69 91~ % -5 %205 133) TK

v AR -226

z 6 THI«Z‘ Nl-m‘ PONG VA TIEU CHUAN TU DIEN BIEN
.. CUA QUA TRINH

r___?fﬁ.l THE NHIRT PONG

.- Ta da thdy 1a, d6i véi mot bi€n ddi trong hé co lap, bién thien entropy kém theo qud
l’i_#lfdﬁ Ia l:lumlg thi quii trinh tw xdy ra , bing khong Ihi qué trinh Iﬁ can hang Cédn nhd rﬁn_g

e
L -
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chudn cho phép tién doan chiéu huéng dién bién clia qud trinh ma tiéu chuin nay chi lién quan
dén hé nghién ctu, nghii 1a ding cho hé khong nhat thiét phai 1a co lap.

Hai ham s& cho phép dat duoc muc dich vira néu ra 13 the€ dang nhiét dang dp hodc ham
Gibbs hoac con dugc goi la enthalpy ti do duge k¥ hiéu 1a G va thé dang nhiér dang tich hoic
hain Helmheoliz hodc con duge goi 1a ndng lirong hitu ich duge ky higu 1a A,

(id sir cdn xdc dinh cong W' ngoai cong din nd. W’ duge goi 1a cong hitu ich. Trong
triong hop nay, dinh luét I (biéu thife 1. 2) chia nhiét dong hoc duge viél nhur sau:

dU =8Q + SW + aW’
hodc, néu ké dén d4u cia cong, (biéu thire 1. 2'): GQ
dU = 8Q - p. dV — W', \C\

oc 6} =TdS nén:

trong dd p., la dp sudt bén ngoai. Theo nguyén 1y hai cha nhiét dor
dU < TdS - p,,,dV — &
Biéu thite trén két hop dinh luat I va dinh luge 11 b

>t dong hoc.

8W' < —(dU - TdS+%p,% dV)
Nhur ta da biét, cong trong qud trinh thudnaghich Ia cuc dai SW, . nén:
SW,,,, =—(d &% S+ Py, dV) (2.21)

Biéu thiic (2. 21) cho thdy, tro t 5O trudmg hop cu thé tién hanh qud trinh, cé thé rit
ra mot s6 ham trang thdi dic trung 'chéthé. Nhimg hiam nay duogc goi la thé nhiét dong.

RG rang 14 ¢6 thé xét g hop cu thé khdc nhau:

a) Thé ding ﬂfu{f_l@zg ap
NéupvaT k@gﬁdéi

OWaax = _(dU - pdV - TdS)

Uw @lﬁm trang thdi, V la thong s& trang thdi nén biéu thic trong ngoiic chinh la vi
phén to: clia mot ham trang thdi nio dé, nén cé thé viét

Wi = (dU + pdV ~TS)
Ham nay dugc goi la thé dang nhiét ding 4p hoic enthalpy tr do. Gibbs da dua ra ham
ndy lan ddu tién vio nam 1875 va duge ky hiéu 1a G va, do dé, con duoc goi 14 ham Gibbs. Vi
ky hiéu nhu viy cé thé viét
W, = —dG, (2.22)
trong do
' G=U+pV-TS (2.23)
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Nhung U + pV = H, nén
G=H-TS ' (2.24)

Tuong ty nhu trong co hoc, khi cong ciia luc tic dong khong doi duge xédc dinh bing
hiéu the cha hai gid tri thé ning {mg vd&i hai luc dé thi né khong phu thude dudmg di, con & day
- ¢ong hitu ich cuc dai so dang [cong thifc (1. 22)] bing vi phan toan phin ham Gibbs ¢6 ddu am
nén cong nhin duoc do him G gidm va G duoce goi 12 thé'dang n."f}_e'“f ;ﬁng dp hodic con duge goi
- At la thé'dang dp. Qua day ciing hiéu dugc, tai sao G ¢6 tén 1 thé’

Neéu V va T la hang s6 thi phuang trinh (2. 21) trd thanh

dW. = —d(U-TS) _ Q\C\ \\

Bing cdch lap luin tuong i, cé thé ¢é mot him trang théi mﬁi\;?% goi 13 thé ddng
fy o va ham nay duge

b) Thé ddng nhiét ddng tich : ‘Q‘ \

nhiét ddng tich (ciling con goi tat 1a thé’ ddng tich) hodc ndng lugig Iy
He!mhnltz dua ra l4n ddu tién viio nim 1882 nén né duge goi 1a hawifel
Hefmh.-::-.-'fz dugc ky hieu1a A va A=U-TS (ky hiéu A ¢ dayc6

e:,:-,;; pa ué'ng Diic Arbeit c6 nghia la cong). Khi doé:

ﬁwl;ux ==dA rb (2. 25)
A=U-TS X:; (2. 26)

Luu y: Trong edc sach Nga .-’mﬁ@g cdc sach Lién Xo cii theé dang nhiét dang tich
: i oc ky hiéu bang F Q
c) Thé dang dap ddang e pg"’

Néupva S @ déi thi: (xem biéu thirc (2. 21)
O SW. . =—(dU + p,dV)

®O E“ﬂmx =—d(U+pV)

 MaU+pV=H,nén

8W  =—dH | (2.27)

L b

= Nhur vdy la cong hifu ich tr{:-ng trudmg hop nﬁj' bing bién thién enthalpjr dum tinh & dp
a entropy khong déi chit khong phai & dp suét va nhiét do khong doi nhu trong trudng hop

P ) The ddng tich dang entropy
- Khi V va S khong déi thi (xem biéu thic (2. 21)
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SISl il s

SW.  =—dU (2.28)

TEx

/‘ﬁ cong hitu fch so dang bang vi phan toan phén clia ndi ning
! ' - p 5
/ 2.6.2 TIEU CHUAN TU DIEN BIEN CUA QUA TRINH

’ Viéc tinh cong hitu fch cho phép phét bi€u ngay diéu kién ty dién bi€n va can bang cho

cdc he khac nhau. W

That vay, 18y vi phan cic ham G va A

dG = dU + pdV+Vdp — TdS — ST dQ'

dA = dU - TdS — SdT és\

Néu Iiru § 12 d6i v6i qué tiinh bt thuan nghich \5% ~.

| OQhst thuan mghich < T :;é

va phuong trinh k&t hop hai nguyén 1y clia nhiét dong h d dwoc viet 1a %

| duU gq%gédv 9

Trong hé thic trén dU va dS khﬂngﬁ] udc vao qud trinh 1a thuan nghich hay bét
thuédn nghich vi U va § 1a ham trang théi i d6 cong lai phu thudc dudng di. Cong W do
hé tién hanh 13 cuc dai khi qui irinh Kﬁl nghich. Khi d6 diu bt dang thic mat di va chi con

~ lai ddu bang.

Thay biéu thic nay 6@ biéu thiic cho dG va dA, ta dugec:
dG < TdS - pdV + pdV + Vdp — TdS — SdT

@ -
Oég dG < Vdp - ST | (2.29)

dA < TdS - pdV — TdS — ST

C°
dA < _Pd\,r ~5dT (2. 3[1)

Ciing nhu trude day, ddu bing ding cho cin bing va qud irinh thuin nghich, trong khi
dé ddu bét ding thic dugc ding khi qua trinh 14 bat thuan nghich.
He thic (2. 29) cho thdy, d6i véi qud trinh ding 4p déng nhiét, c5 nghia la khi dp = 0
Vi dT =0,tacd: | |
dG =0

D61 véi qua trinh dang tich déng nhiét dV =0; dT =0 xem cong thiic (2. 30)
dA =<0
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Do d6, ta c6 tiéu chudn d¢ tién dodn chiéu hudng dién bién coa qud trinh nhir sau:

Trong hé ¢ nhiét d¢ va dp sudt khong doi ehi c6 nhitg qué trinh kém theo giam G
mdi cé thé it dién bién dupc va gidi han cia dién bién dé, c6 nghia Ia diéu kién cdn bdng, dat
dutge khi G ¢o gid tri cue tidu trong diéu kién dd cho, cu thé la:

dG <0
PG>0
dG =0 Heé & trang thdi can bang

} Qua trinh tir dién bién

Trong hé o nhiét dé va thé'tich khéng doi, chi co nhiing-qi
thé d&ng nhiér ci'ffng tich A mdi cé thé f& ti dién biéfu va ghi'i fi.-:.rr: ’

dA <0 { trinh t dién bi& : \kgj
| } Qua trinh tu dién bién- % Q2. 32)

d’A>0 Hé & trang théi can bing Q}
dA =0 (Ddu hiéu cin bing) *

X

St D61 voi cdc ham nhiét dong khﬂ@h U va H, diéu kién can bing ciing dugc thuc hién
[H‘Uﬁg tur 0
0 S, V = const néu U s& (c;@ tiu vi dU = TdS - pdV
} {:u:: ticu vi dH = TdS + pdV

e T e R
P

Nhu ta da biét, ent 12 thudc do do hén don trang thdi ciia hé ma hai diéu kién déi
: v6i U va H dé c6 bi¢n thién clia chiing lam tiéu chudn tv dién bién clia qu4 trinh doi hoi
S = const, nghja do trat tu khong d6i thi diéu kién nay trén thuc (€ c6 thé néi 1a hdu nhr

*Eﬁﬁﬂpy tr do tao thanh mot chit [nhléu khi ngudi ta chi néi ngan gon 14 enthalpy tr do tao
dnh mot cht) 1a bién thien him Gibbs tao thanh mot mol chét dé tir cdc don chit bén & diéu
n tiéu chudn T = 298K va p = 1 atm,

Bl i
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Vi du nhu enthalpy v do tao thanh clia nuée chinh Ia bién thién enthalpy ty do kem theo
phan ing:

i
—0,(g) = H,0 (£)

Hy(g) + 5

Céc gid tri AGJyg,ctia nhiu chat thutng dugc cho san trong sich tra ciu. Trong phu
luc B c6 thé tim thdy dugc nhimg gid tri nhu vay. Dua trén bién thién ham Gibbs tao thanh

AG g ¢ céc chii tham gia phén {ng vh san pham clia phan ing dugc viét o dang tong quét (xem

lai cong thic (1. 19): ?
a A+ ah;+ .+ a A =bB, +bB, +bB

cé the tinh duge AGJ,,  clia phén ting trén theo cong thifc tuang q! 5 cong thirc tinh hiéu tng

nhiét clia mot phin ing dua trén cic dit liéu v€ nhiét tao tha
G, = b AGmg (2.33)

1=1
K&t qua tinh cho phép tién dodn dugc ;i‘:-ng thic (2. 31) va (2. 32)] 14, & diéu kién
tiéu chuan, phan iing xiy ra theo chiéu n b

Vidul.5

D61 v6i phan 1ing xay ra uong trinh:
€0, () + 2H,0 (£) = CH, () + 20, (2)

O

cin xdc dinh xem & d{@fm tiéu chudn phan tng xay ra theo chiéu thuin hay chiéu nghich.

ch Gidi

Acéﬁang thiic (2. 33), ¢ thé viét
ﬁGEﬂE = ﬂ'G 298 f (CHJ) 'ﬁG 208 F (CDE )E = Zﬂﬂ ;?E,f (HEG)J'

Tra bang trong phu luc B, ta dugc:

AGiy, (CH,) =-7481 kyjmok AG3y (CO,) =-393,059 k/mol

AG Sy, ¢ (H,0),=-285,83 kJ/mol
Thay s6:

AGSy,, = (— 74,81+ 393,059 + 2 x 285,83) kJ = 889,909 kJ
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T
o

Két qua vira nhan duge cho thdy 12 thé€ ding dp G, clia sdn phim cua phan tng CH, (g)
+ 20, (g) 1on hon thé dﬁng ap G, cia cdc chét ban dau CO, (g) + 2H,0 ()14 889,909 kJ, nghia

12 AGSq, > 0 nén, & diéu kién tiéu chudn, phan dng chi ¢6 thé xay ra tir phii sang trdi, nghia I
theo chiéu nghich.

2.7 SUPHU THUOC THE DPANG NHIET PANG AP G (HAM GIBBS)
VAQ NHIET DO VA AP SUAT BOI VOI CHAT NGUYREN CHAT

Nhu vay dua trén két qua tinh bién thién ham Gibbs clia mot phin ting hay clia mot qua
trinh, c6 thé tién dodn duge chiéu huéng dién bién clia mot phan tng hodc qui tﬁn & diéu

- kién tieu chuén, cy thé 12 néu AG3J,, , < 0 thi qud trinh ty x3y ra. Diéu nay kho nghm la, &

nhiét do va dp sudt khong déi, cdc qud trinh 1am tang ham Gibbs khﬁng duge ma nhing

qud trinh nhur vay chi ¢6 thé xay ra nfu moi trudng bén ngoai cung cﬁ , vi du nhu trong

qué trinh dién phan hodc phéng dién trong khi (cdc qud trinh doi _hoi n dién ning) hodc
i - cdc phan img hod quang dudi tic dung ciia 4nh sdng, ching hzm han ing quang hop thuc
VAL,

i Di nhién la mot cau hoi duge dit ra mot cach% i2n la lieu c6 thé tién dodn dugc
e Ichﬁ nang tu dién bién cba qué trinh & diéu kién kh kién tieu chudn (T # 298K va p « |
atm.) duge khong?  Diéu nay rdt quan tron Bﬂ phai khi nao ciing xét hé nghién ciu &

:-'.{tiéu kién tiéu chudn. D¢ lam duoc diéu dé ]@mt su phu thudc thé dang nhiét dang dp vao
. nhietdo va dp suat \

= 271 SUPHU THUOC BIEN Eﬁ; THE DANG NHIET PANG AP AG VAO
- NHIET PO Q

Biéu thiic cia ha
Déi voi nh ding nhiét AG; = AH; — TAS,
dG = Vdp — SdT

.. Tathdly Ia AHy va AS; 12 ham cla nhiét do nén, do dé, AG ciing phu thude vio nhiét do.
- Khi d6 ¢6 thé bi€u dién entropy bing hé thiic vi phan sau:

(), (2

| " Do dé, biéu thitc AG; = AH; — TAS, ¢6 thé duge viét nhu sau

) i T i mam
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Phutong trinh (2. 34) dwoc 8o1 1a phuong trinh Gibbs—Helmholtz. Tit phuong trink
Gibbs—-Helmhoitz 6 thé tinh digc bien thien ham Gibbs AGy & nhiét do T. Pidu nay rat quan

trong vi, n€u 1am dugc nhw vay thi, khi tinh ﬁG-T cho mot qud trinh nao d6, cé thé tien dodn v
chi€u huéng dién bin ciia qua trinh dé & nhiét do T.

That vay, néu viét lai phuong irinh Gibbs-Helmholtz & dang

Q
T(?‘EE}'J -~ AG =~ AH d

oT

Chia hai v& clia biéu thiic trén cho T2 *E

VE trdi chia biéu thifc irén chinh 1A vi clia —vi
( u)’ vu'—-v'y o @(b:
—| = ., néu iin
) =T st ng
v < T vi @ﬂﬁ
Khi do, c6 thé vier )
3 5, (;*‘_'-.G) AH
\Q) or\ T/ = T2

p
Liy l@%n hai v& clia phurong trinh

t.(AG)  TaH
OO ﬂjd(—T—] = - J AT+ C |

T
AH
AG; = —Tf?éldT +CT (2 35)
n f

Trong trudng hop chung AH. 13 ham ciia nhiét do, vi vay, sau khi dit biéu thie AHy, vi
du nhu tim duge tir djnh ludt Kirchhoff, ¢6 thé tinh duge AG; theo cong thiic (2. 35). Bi€t mot
gid tri AG & mot nhiét do nao dé, ¢6 thé xic dinh dugc hing s& tich phan C, sau khi xdc djnh
dugc hang s6 tich phan | ta ¢6 phuong trinh néu lén sir phu thuéc AG vao nhiét do T va, do do,
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tinh duoec AGy & nhigt do T. Trong khoang nhiét d6 m c6 thé coi AH 12 méi hdng s6 thi cong
. thiic dé tinh ﬂGTI o nhiét do T,, néu biét AGy & nhiét do T, s& don gian hon nhiéu, cu thé 1a:

AG,

AG
f d( J { - (2.35")
4Gy, - oo
AG, AG Flogel f
h, 2, —ﬁH( 1 1)
T % N
AG, & TJ
At =T +£1H(
1 z[ T T J ; d (2. 36)

Thuong, dya trén cde gid i AGS,, cho sin clia cic chét, c6 th& bnh dm;ﬂ: AGE .

cia mét phan dng hoac mot qud trinh & diéu kién tiéu chudn n&n@ AG 1 & mot nhiét do T
nao do, tién loi sir dung cong thiic 6\

S

ﬂG”*Q@
AG, =T} =228 T | !
' 1{ zs\s\x A - (2.37) |
ﬂ, nhur ta di biét dua trén cic gi@(};“ hodc AGJy . cho sin d& dang tinh duge
- AG3,;clia mot phin iing hodc qui.tAnh A= Vedp - ST

By e

5 L, L e B P

N Di nhién Ia trong hop AH khong phu thugc vao nhiét do trnng khné_ng nhiét do tir
'I'l dén T, thi khi sir du thifc (2. 36) hodc rong khodng nhiét do 1ir298 dén T (2.37) ¢6
'—thé choAHran @ tich phan va tinh todn s& don gian di rit nhiéu. 1

N T

Ta dd nhan duge biéu thiic vi phan toan phdn ciia G ;{f - Nep -
dG = Vdp - SAT \ "

dG = Vdp
D¢ tinh G & mot 4p sudt p ndo do, cé thé ldy tich phin phuong trinh
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oG .
(5] =V, néu biét dang V 12 ham ciia p & nhiét do khong déi.
T

G Py
[aG= [vap
Gy Py

(L
G,=G, + [Vdp (2. 38)

Py

Phuong trinh (2. 38) luén ludn dp dung dugc va nang lugng Gibbs cliaimét don chal bao
gidf ciing tang khi dp sudt ting. C6 hai trudng hop dac biét khi phuong tri . 38) trG thanh hé

thitc don gian: \C\
a. Néu nhu thé tich hdu nhu khong phu thudc vio 4p suﬁ.’%ﬁu’ d6i v6i truomg hop chat

rin va 106ng thi \\}
. G,=G,+V (]3:9'
phuong trinh trén c6 thé duge viét & dang ! [
G =-G%

+V [p -p° ) :
trong do G" la nang luong Gibbs khi ﬁ@@ﬁlg 4p suft trang thii chudn.

b. Béi véi khi, ning lugn 3531:5 phu thuéc manh vao dp suit. Trong trudng hop 1 mol
khi 1y tudng, c6 thé nhan d u thudéc nang lugng Gibbs vio dp sudt bing cdch thay

RT
V =—— vio phuong tﬂn@%ﬂ} r6i ldy tich phan vé trdi tir G* dén G, con v€ phai tur p” dén p

’ 3
% dot}:ﬂ'r I]df - -?aa:nT I]dlnp
1] Gﬂ L]

O - ; ;
@O

| O cdc nhiét do khdc nhau, nang luong Gibbs chudn G° c6 gid tri khdc nhau.

*

G=G°+RT1np% o (2.39)

Di nhién li c6 thé 14y tich phan phuong trinh (2. 38) giiia hai ap suit p, va p,. Khi dé

AG =G, -G =RTln“EE—

P

Néu dp sudt ban ddu bang | atmosphe, thudmg 1dy 1Am 4p sudt chudn, thi ¢ nhiét do T, ta
co:

s
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Ll o p
- AG= G} - G] =RT lnT.
Y [
_h : N

trong d6 G 1a ham Gibbs ciia 1 mol khi & diéu kién tieu chudn va & nhiét do T. Ham Gibbs G
ctia n mol khi 1y tubng & hh:&t do T va ap sudt p h&ng

i !'-.‘
| GLER S

|Gt =nGe +nRTlnp L e YT @

| s 0 i A

Vidu2. 6

U 298K va ap sudt bang hai aimmosphe ham Gibbs ctia mot mol khi Iy tudng &

G"= G2+ 1,987x298x2,303 log 2= GI + 410 calfm

Khi 1 mol khi Iy tuéng chuyén tir 4p suit bing 1 atm. sang ép Sudj
thién enthalpy

2 atm. thi bién

-

AG= G;™" ~G1=410cal/m

la dvong nén qud trinh nay khong thé ty dién bién dugc va [rE mot khi khong bao gids tu

~~nén lai. Qua trinh ngugc lai, su din nd mot khi dugc coi l‘&@ g ur 2 atm. sang 1 atm. kém
= ~ theo bién thién ham Gibbs

R L

oyt

AG= Gy~ G%?%MD cal/mol i h

e

= 1 am. Su din no khi 14 hién :m:mg tr XAy ra. -

AN t::-’i-’ﬂ

Vidu2 7 N I il._*v., ®\
LA

a. Tinh ﬂ.H“ﬂ va ﬂ(j)t)Gba phén dng:
o ce@ HOM — COMg) + Hyg) & 298K

b. Tim ph_ﬂﬂn@m&u [én sy phu thude clia AHT, va AG], ctia phan tng trén vio
: ﬂhl&l do. Cho h@iﬁ A AG T tao thanh va C, cia cdc chét nhu sau:

AH 54 (“*mnlhl) AG 05 (k].mﬂl"') C,.(J_mni'l [{-i)

CO(g) -110,525 - -137,168 29,116
COy(g) -393,059 -394,359 37,11
H,O(v) ~241,818 - -228,572 33,577

. Hyg) 28,824
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Diép ss: a. AHZ,;  =-40,716 kJ
MG, = 28,619 K
b. AH3, =(-41,681818+3,241x107T) (i)
AG, = 41681818 + 0,062336173T ~ 3241.10°Tin T () !
Gidi
AHS,, = 1x AH ., (C{J'?_)n — Ix AH3,; (CO), - 1\@5?(]{10)”

AH3,, , = ~393,059 +110,525 + 241,818 = —g% 6 kJ L
L AN
ﬂEI-';-.r —_ ﬂH}-m +

e

AC, = 1x28,824 + 1x37,11 .-\Eg‘z 16 ~ 1x33,577 = 3,241 J K™

AHS, =-40,716 + 3,241x107%(T —,@* ~40,716 + 3,241x 10T — 965,818x10™

&

AH3, =-40,716 -0, Sﬁga 241x10°T =(- 41,681818 + 3,241 1:}‘31“‘)‘1;1

AGly, = b@m 359) + 1X137,168 + 1x228,572 = 28,619 kI

AG, e.%} AH dT T |1-41,681818+3,241x10°TUT
(’%@5293? I "HJ;L +T1 ek

28,619 “l ‘j'- ~41,681818dT . }3,241xlﬂ“3dT}}

O
O i, =T{
CO : 298 298 b 298 T

AG, = T[ﬂ,ﬂgﬁmﬁﬁ-li -

41631813’

L 3241:.<10“31nT‘m]

41,681818

ﬂG1=T[- 0,096 -41,681818T" + -3,241x107 InT +3,241x10™ IHZQE)

AGy =
T(-0,096 - 41,681818T"" + 0,139871872 - ~3,241x107 InT +3,241x 5,6971x10°)




Swu tim boi GV. Nguyén Thanh Ti # Google.com/+DayKémQuyNhon

NGUYEN LY 11 CUA NHIET DONG HOC VA AP DUNG VAC HOA HOC 93

4Gy =T(0,043871872 +18,4643011x 10™ ~ 41,681818T~ ~3,241x10 InT)
AG, =T(0,062336173 - 41,681818T~' ~3,241x10” InT)

AGy= —41,681818 + 0,062336173T — 3.241.107 Tin T.

2.8 DAI LUONG MOL RIENG PHAN VA THE HOA HOC
PE c6 dugc khdi niém v& dai lugng mol riéng phén va th€ hod hoc ta phai biét 13 khai
niém ciu .
™,
Don chét hodc hop chit hod hoc chifa trong hé duge goi la hop phdn cha he. ‘Q\'
Binh nghia vé ciu tl; Nhiing hop phdn ciia hé ma néng do 6 %}' doi tuy ¥,

nhimg khéng lam thay doi 56 va dang ciia pha trong hé duge goi Ia .!mj:- p oc Idp hodc cac
cdu 1,

)
Néu co phan 1ing hod hoc giita cdc hop phén ciia hé thi s @ ¥ s€ nho hon t6ng s6 it

ca cdc hop phan cita hé mét dai lugng bing s& phuong trmh lig Q?gm‘a céc hop phan dé6. Vi du
nhu trong hé:

CaCO, (s) Cﬂ (g)
63 chét hoic 3 hop phin cia he, nhung chi cé @‘l i -::13 mdt phuong trinh lién hé giita ba
s hn:fp phﬁn nén co6 hai ciu .

2.8.1 PAI LUONG MOL RIENG@\"AN

.. matrong d6 xdy ra phan ting hod hoc. Nhu ta da biét he mé [d hé c6 thé trao ddi chat véi moi
. trudng bén ngodi. Pdu tien tfnh chat dung tinh do dugc va thudng gip 1 thé tich. Thé tich
é*é {:cﬁa dung dich ly tudng bi g thé tich cdc c4u tir ciia n6. Nhung diéu nay khong ding d6i véi
o :1 1éu dung dich t at vay, néu thém 100 ml axit sunfuric H,SO, vio 100 ml nudc thi thé

Cho 16i day ta chi dp dun@ dong hoc cho hé kin. Bay gi0 ta xét hé md& va nhiing hé -

L
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nhiét do va 4p sudt khong doi, the tich cha hé déng thé 12 hdm clia s6 mol clia cdc ciu i, nghia
1V =f{n,,0;,.0ny ).
Dao ham riéng phén thé tich theo s& mol cdu tir i khi nhigt do, 4p sudt v s6 mol cdc cdu
iif j khdc (trir i) khong doi duoc k¥ hiéu 1a ?, va duge goi 12 thé tich mol riéng phdn cita cdu tit
A ( EM) | 2. 41
i aﬂ. ) { i }
"7 T.pag

Trong cong thiic (2.41) chi chir n; phia dudi ngoai ngoic cta dao him cqﬁ:n,%hm 1a, ngoai
céu tir i, s6 mol cdc cdu tir j khic khong déi. Q

C6 thé gidi thich ¥ nghia cha dinh nghia vé thé tich mol riﬁ@ nhur sau. \}_ |3 su
thay déi thé tich tinh cho | mol cAu tir i khi thém mot luong vo ho cha cdu tir nay vao

i chinh la bién thién thé tich

khi thém 1 mol cu 1 i vao mét Iugng vo ciing 16n cha dung: ¢ diéu kién nhiét do T, 4p suit
p, va n; khong déi. Thé tich mol riéng phdn clia mot-gainitt phu thudc vio néng do cla né vi

nhiét do. . l <

2.8.2 THE HOA HOC rb.

dung dich & nhiét do va dp sudt khong doi. N6i mot cdch k

e

Néu hé md dong thé chita N ;khﬂt nhau thi ¢6 thé xét nang lugng Gibbs nhu la
him cia p, T va thanh phin & E (hodc ham ctia s6 mol cdc chit), con ning luong

Helmholtz — ham cta V, T va ci ol cac chét.,

dG = Vdp — SdT + W,

(:5 dA = - pdV - SdT +8W,

Khi dﬁ an toan phin cla moi mot trong hai hﬁm cia N +2 biénsd doc lap trén
bang t6ng @ + 2 vi ph&n riéng phin nhan vdi vi phin theo cdc bién s6 wong (ng:

o) 0l a3 w

T, Py i=l
dA = (aﬁ] dv +[E) dT i(a—ﬂ - d
av Ty oT V.n; +i-J ani E i

trong do chi chil n; ¢6 nghia 13 luong ciia tit cd N cdu tir duge giit nguyén khong déi triy cdu tir
thay déi,c6 nghia 13 i # j. Hai dao ham déu trong cac phuong trinh trén cho két qua quen biét.
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() (-

Gibbs goi hé s6

(E’GJ hod [BAJ | (2. 42}
e = hodc | — =

IIan'i T1F'|“j ani T,‘H’,I-'IJ

;::.f_;é:":f.:"__";‘l_[‘j.'ng trudc dn; rong cdc biéu thifc dA va dG vira dugc viét ra & wén , cu thé 12 A va G

theo s6 mol clia c&u tir i vai didu kién khi s6 mol cdc cdu tli khdc, nhiét do,
~ . va nhiét do, 4p sust (d6i v6i G) khong déi 1 thé hod cha ciu tir i, The h
:.=;_: - chit cdi Hy Lap p; (xem bang chit cdi Hy Lap trong phu luc C)

(ddi vai A)
jc ky hiéu bang

VE mat todn hoc cé thé dinh nghia tong quﬁt thé hod 12 am riéng phdn cua cdc

g va viéc chon chiing duwoc
qﬂyér .:mm bang viéc chon cdc théng s.:i .:fﬁc ldp cua hé) theo $6°mol ciia mér cde tik nhdt dinh i
“%%‘u miﬂ dci cita hé khi cdc thong sé déc .-'ap khdc va lwong cd u? khdc khéng ddi, nhu vay cé thé

~ Dinh nghia vé thé hod vira duge dua ra cho thdy thé hod clia mot cdu tir trong mot hén
I _E-ng thé bang t6c do thay ddi ham dac trung so vdi luong clia c&u tir d6 trong hdn hop. C6
¥ ;h_F!_Hl.‘@“ khong chiing minh rang khi tdt ca cdc n; (trir n,) khong doi thi

D, @@ -

V., P50 1 T.V.n; YUV AN ' T,pny

L L e e 1 iy
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-

nghia [a the hod clia c&u uf i khong phu thude vio vi¢c chon céc bi#n s6 déc 1ap xdc dinh trang
théi ciia he,

D€ hi€u ¥ nghia ctia khdi niém ndy, 1a xét méi dang nang luong holc cong nhu 1a tich
chia hai dai lugng: thira s6 cudng tinh va thira s6 dung tinh,

Vi du:
Cong co hoc biing tich ciia lyc nhan véi gia Iuvong duﬁng di Fdf
Cong dién bang tich ciia siic dién dong nhan véi lugng dién van chuyén Edg
Cong ti¥ bing tich ciia db cim iing tir v6i do tix hod di
Cong bé mit bang tich cia siic cing bé mit véi bign thién bé @ - adS
Cong thé tich bing tich clia dp suat v6i bién thién thé tich , pdV
Theé nang bang tich cha trong luc P nhan véi bign t@/u@\ﬁa mgdh = Pdh
2 . 2

Y v
Dong nidng béng tich ciia 5 nhin véi khﬁi{li% 5 dm
Qua céc biéu thic trén, ta thiy c6 the vigbiéu thifc tuong tu cho hod nang pdn

Cubi cling, c6 thé viét bidu th c@w’ n toan cua ning luong Gibbs & dang Eﬁngl
quat sau:
\ X

‘(5‘@6 =-8dT + Vdp + ) X,dY,

trong dé thira s6 cudng dﬂg% £0i 12 lyc tong quit, con thira s6 dung do Y, — dudng di téng
quat. Nhu vay, thira s% ng do 1a cdc the tong quit, vi du nhu nhiét do T Ia thé chia nhiét ning,
i 1a the ciia hod nang Y.v... Mbi 14n hai hé véi céc the khic nhau tuong tdc voi nhau thi xay ra

_SU Q-.:.. déi cdc thira s6 dung do tuong tng. Vi du nhu dp suit duge san bing do
thay d6i thé tieli;-nhiét d6 — thay déi entropy.

@g tw nhu nhiét do 13 dong luc khi truyén nhiét, thé hod la dong luc cho qud trinh
truyén khoi, Cling nhu tét c céc yéu 1§ cuong tinh khdc (trong cdc qué trinh twong iing), thé hod
ctia cht trong qud trinh xdy ra dugc san bing va & thdi diém can bin g, thé hod ctia mét ciu tir 13
nhir nhau trong cic pha chifa ciu tir dé. Vi thé hod la dai liiong cuomg tinh nén gia tri cha né
khong phu thudc vao kich thude hoiic khéi lugng clia hé.

Tuong ty nhu dinh nghia thé tich mol riéng phin, c6 thé néi thé hod la dai luong mol
riéng phdn ciia thé nhiét dong khi cic thong s trang thdi twong ting ciia he khong déi.

C6 thé tich phan phuong trinh

=
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vi nhin dugc

——

Ta da xét cdc dai lugng mol riéng phin V.G= [TRTEY A = 1L va hoan toan c6 thé lam
twong i doi v6i cdc dai lugng nhiét dong khde, cu thé 13

irong do: . Q_\}
o) )

"‘ g Khdc vé6i nhiéu yéu 16 cudng do Rﬂf khong thé do thé ho4 tryc tiép duge. Diéu nay
: I&m cho khai niém nay kho thdy hon l&{@ i lugng do dugc tryc tiép tir thue nghiém nhu nhiét
- do, dp sudt v..v... 0 _
_ Tir khdi niem vé dai IwgngG]hl riéng phdn ta thdy tit ca nhitng phuong trinh viét cho dai

lum;g mol déu ding duoc dk? Iugng mol riéng phén néu thay céc dai lugng mol bang dai
ph;rng mol riéng phén vi % ao ham theo s6 mol thi chi ¢6 cdc dai lugng mol td thanh dai
Tugng mol riéng phﬁb ¢ dai lugng cudng tinh trong qud trinh dao ham khong phu thuoc
Vo khéi Iuong. [

Vi du:

Tul.-'.nj

i EEE
i
T
P
k2]
P
:

-

B

T AL
-':"-‘5-"'“-:

Su phu thuge nang lugng Gibbs vio p sudt duge mé 1d bing biéu thic:

F} =nG" +nRT ln;; T (2. 40)

AP

i
i =¥

-

_ D6i v6i hé nhiéu cdu tir thi biéu thife néu lén su phy tflu'?'ﬂ nang Iuong Gibbs cua cdu tiri
0 4p suat nhu sau:

Hoa Ly ND
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G,=n,G? +n,RTIn &
p

Dao ham bi€u thiic wén theo s6 mol ctia ciu tir i véi diéu kién 12 4p sudt, nhiet do va s§
mol clia cdc cdu bl khic khong ddi cho két qua:

(E'G"] RTIn 2L vg
== =G+ n— Vi ]
on, : p :

T1F:nj

Nhimg (?}p =Gi=m VG =G/ = !, d{\
, o

Do dé, tng v6i biéu thic G = G* + RT In—E:;chn dai lvortg mol cé thé viét ngay biéu

p
| _ . AN
thiic cho dai lugng mol riéng phin G, = G“ +RT In -E;— I@— .
P _’
= WU + RE r%- (2. 43)
C6 thé viét phuong irinh: (ﬁ _
=G® + nRT 1n—E;
\ X P
cho thanh phén i cta hén hop khi ng nhu sau:
O = pd +RT 1n£'~

trong dé p; la dp {ﬁﬁﬁg phén, con p;{’ 1a dp sudt tiéu chudn vap? Ia the hod chudn cha khi i
nguyén chit & Nhu ta da biét, 4p sudt riéng phin p;clia cdu tir i trong hén hop khi

Iy tudng @c dinh bdi hé thiic
p; =Py,

trong do y; Ia phin mol clia cdu tir i va P 1a dp sudit t6ng cong. Ta s& ding y (i grec) dé biéu dién
phin mol trong pha khi va x dé biéu dién phan mol trong pha léng. Tdng cic ap suft rieng phin
clia 14t ca cdc cdu tir, gia sir ¢6 N c4u tir, trong hén hgp khi I¥ tudng bang dp sudt téng cong.

P +.p3 G E +P”.=P (}r, + }f2++..yﬂ]=P

;Fi = L.

do
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Nhy vay 14 c6 thé viét biéu thiic cho thé hod clia cdu tir i trong hén hop khi 1§ tuéng nhu
sau:
Py.
pi

=W; +RT In—

C6 thé viét lai biéu thiic trén & dang

P
pi=p; +RTIn— +RTIny, (2. 44)
b

DE xét su thay ddi thanh phén chif khong phi 13 4p suat t8ng cong tien loi thay th€ hoa
chudn p{ bing mot thé hod chudn khdc clia cfu tir i nguyen chat & 4p suil thuﬁ@ ma ta
ky hiéu bing p . Tir phuong trinh trén véi y, = 1 thi

e )
Hi=H; +RTIh— O‘A

P;

P i . *
Thay p + RT In— vio bi€u thic (2. 44) bang p; cho a

Pi
=y +RT 1@ (2. 45)

Phuong trinh (2. 45) xdc dinh hén h-::Fp nhung cling c6 thé ding phuong
irinh nay dé€ xdc dinh hén hop 1y tuéng long v* niém dung dich 1y tuong bd ich vi né
cho ta mot tiéu chudn dé c6 thé so sinh hd ¢ vdi tiéu chudn dé.

2.8.3 TINH CONG TINH CUA 6& LUQNG GIBBS VA PHUONG TRINH
GIBBS-DUHEM I C}

Phuong trinh

(3‘ g
O =-8dT+Vdp+ » pdn,

'.Z-'; c6 thé duge wé't@ ng tich phan nhu sau. Gia sir hé duge xét thay déi kich thuée theo nhiét do
f . va dp sudt, nhung ty 1¢ twong d6i giita cdc cdu khong d6i, do dé cdc gid tri p; khong d6i nEn o
j .;;;,H dp sudt va nhiét do khong déi, sau khi 14y tich phan phuong trinh viét cho dG, ta dwoc

G= ZEL“’J, : 2. 46]

im]

Phucmg Irmh {2 46} ducc gm la p.lur-::r;-:g trinh G:bbs—ﬂufmm I ch cho thdy ning lucmg
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(2. 46) cho phép tinh nang lugng Gibbs va cdc tinh chit nhiét dong khic cha hén

hgp. Néu hé chita mot chét duy nhét thi G = np. Nhu vay I3, 46i véi chat nguyén chét, the

hod bing nang lugng Gibbs tinh cho 1 mol. Thé hod s& duge sir ﬁung irong viéc xét cin bidng
hod hoc nén né cé tAm quan trong.

2.8.4 PHUONG TRINH GIBBS-DUHEM I

O 4p sudi va nhiét do khong doi, khi thanh phin ciia hé thay déi thi the hod cia cdc ciu
tlr khong thay déi doc 1ap véi nhau. So sénh biéu thiic ‘(:\

N
dG =~ 8dT + Vdp+ > p.dn,

F\C\
v6i biéu thife vi phan toan phdn ciia G nhin duogc iir (2. 46) \%
D

dG = Z(n dy; +pdn, O
cho két qua &

(2. 47)

(2. 47
Phuong trinh (2. 4&92 47') mang tén phuong trinh Gibbs—Duhem 11 va né cho thiy

han. P46i vai hé hai
trong dé @phﬁn mol ctia cdu tir 1 va (1 — x, ) la phdn mol ctia cfu tir 2. Nhu vay la, pva T
khong déi, sur thay déi thé hod clia céu tir 2 khong doc 1ap v6i su thay d6i thé hod chia cdu tir 1.

, 0 nhiét d va 4p suit khong déi, chiia l mui chit thi

nhitng thay déi c6 @cuﬂ céc bién s6 cudng do T, p va p,, o My d61 vGi mot hé b: gidi |

X;dp, + x, dp, = 0 hodc x,dy, +(l - X ] dp, =0,

2.9 UNG DUNG NHIET PONG HOC CHO CAC MAY NHIET

Trong muc 2. 1 di trinh bay chu trinh Carnot khi dua ra biéu thiic todn nguyén 1y II clia
nhi¢t dong hoc. Bay gi® ta lan lugt xét cdc dong conhiét chi tiét hon.

2.9.1 PONG CO NHIET THUAN NGHICH LUGNG NHIET

Lugng nhiét Q, v2 Q, trao déi trong cc bién déi ding nhiét ciia chu trinh dugc cic |

ngudn nhiét A, va A, &cédc nhiet do T, va T, tuong g cung cip.

il bl e am e e
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Gia sir Ty > T,, khi d6 A, dugc goi 1a ngudn néng, con A, 12 ngudn lanh. Nhiét do nhiet
ddng (nhiét d¢ theo thang Kelvin) luon ludn 13 duong, con Q, vd Q, luén ludn cé diu ngucc
nhau. D1 véi dong co nhiét ludng nhiét:

Ngudn néng cung cdp luong nhiét Q,, cdn ngudn lanh nhan lugng nhiét bing Q, Theo
h¢ thidc Clausius (d6i chidu véi cong thife (2. 1)

Q Q T

oo Sl © 8 & s S ]Q1| <Q,

LR ¥
(vViT,>T,)

W=H(QI+QE)=—(QT'HQ.%] =—Q=[1—',

Theo dinh nghia, hiéu sudt cita mgt chu irinh bang ty s6 giiia c do hé sinh ra chia
cho nhiét ma nguén néng cung cip cho hé Q\:,;

©
o Q& (2.48 )

Hiéu sudt cita mét chu trinh Carnot ¢ %ac vao nhiét do cua cdc nguon

2.9.2 MAY LAM LANH \

Vai trd cia may lam lanh I:@ mot lugng nhiét Q, & ngudn lanh (Q, > 0) dong thoi
nhin cong tir moi trudng bén nggg.i} (W > 0) rdi cung cdp lugng nhiét Q, (Q,> 0) cho nguén

néng. Vi Q, =-Q, -2 1, {er\&], nén tir doé rit ra 1a Q, 1:|Q1] vi cong trao déi véi moi truéng
| .
bén ngoai la duong: tnh nhdn.

Vidu nm&y nén lam lanh thudn nghich hoat ddng nhu vay: tdc nhan bién déi lai néng
Ien khi ti€p xdc v6i vt cin duge 1am ngudi (ngudn lanh). Tdc nhan dé dugc nén bing mot dong
cd (moto) va, khi dan nd, nguéi di trong bd tin nhiét (nguén néng) va trd lai ngudn nguoi, hap
thy nhiét tir nguén dé 1am cho ngudén dé nguoi thém. Chu trinh két thic.
Ty s6 duong giita lugng nhdn duoc va lugng phi tén sau diy

Q, |
= 2.49
B | (2. 49)

trong d6 Q, lugng nhiét dugc it ra tir nguén nguoi, con W 1 cong phai duoc thuc hién dé rit ra
lrong nhiét nhur vay duoge goi 1a hidu lue (hoic hé s6 hiéu luc) eha may lam lanh.
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W=—(Q1+Q1) Q:“‘Qzl

TE Tl
Tir d6:
4 % et
2ol M
| S

(2. 50)

Q
Hiéu luc 16n hon 1 néu T, < 2T, % |

2.9.3 BOM NHIET
Mot thi€t bi hoat déng trén nguyén iic

nhiét tir ngudn lanh sang vat néng gan vdi ¢
gol la bom nhié. Cling nhu da trinh bay dns£~
%@u @ weafi-3)
;

Hiéu luc cia mdy Wﬁi@l duge ky hiéu bang e, va duge xdc dinh bang ty s6:

0{(\ o= (2.51)

cua lugng nhiét tru_',rg.):hn vat nong chia cho cong duge cung cdp boi moto:
\® EI -
ch et
O@ﬂ tri e, luén luén 16n hon 1.

Luu §. Dinh nghia dugc sir dung cho hiéu suat va hiéu luc phit hop véi dinh nghia c
tinh chit linh tinh tdng quat hon: Hiéu suét 1a ty s6 giita san sinh va chi phi.

C6 thé theo ddi méi lien hé giifa cong,nhiét , hiéu sudt va hiéu qua bang 2. 1

Vidu 2. 8 vé mdy lam lanh

Fluid ciia mot mdy lam lanh bién d6i theo chu trinh Carnot. Trong thdi gian chu trin
nay fluid nhan cong W,

Hay so sdnh luong nhiét Q, duge ldy di tir nguén nguodi & nhiét do T, = =5" C vdi luong
nhiét Q; nguén néng ¢ nhiét do T, nhan duoc.

C6 thé lam nguoi khong khi trong nha bép bang cdch dé md cira ciia ti lanh hay khong?

ong clia mdy lanh nghia 13 ¢6 su chuyé
mot cong lién quan dén su chuyén nay duo
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Bang 2.1
Phi 61 San sinh Hiéu luc hodc
niang sudt
Dong co nhiét Nhiét dwoc nguén | Cong W T,
néng cung cip n z_am ! m‘i““
: I 1
Mdy lam lanh (To Cong Lay nhiét & ngudn lanh 2, T
lanh) g
Gidi d'(\

Ta da thdy vai trd cha mdy lam lanh va theo diéu kién dua ra viéc theo chu
trinh Carnot nén c6 thé dp dung cong thic Clausius, déng thoi luu ¥ Ia nhiét Q, dugc ldy
di tir nguén lanh 12 duong (Q, > 0) v, sau khi nhan cong W (W 9@. i truding bén ngoai,
cung cip luvong nhiét Q, (Q, < 0) cho nguén néng, vi vay 4p ::@cfmg thitc Clausius (cong

thitc (2. 1) cho mdy lam lanh trong truémg hop nay

12l Q¢ &

T T

cho mdy lam lanh trong trudng hop nay, cu thé | iifa hai luong nhiét d6 nhu sau
L 323

l
Néu dé cilra clia th lanh m& th@}z lam lanh ti€p xic v6i nguén nhiét duy nhat (khéng
khi clia nha bép), nén, sau khi nhin eong, né bit budc phai cung cdp lwong nhiét duong cho
khong khi. Do do khong khi clia nhha bép khong thé nguoi di duge
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BAI TAP CHUONG 2

L. a) Tinh bién thién entropy clia qud trinh tron n, mol khi A vdi n, mol khi B. Cho biét
Iic ban diu nhiét do va dp sudt cha hai khi 12 nhu nhan va ching 1a cic khi 1§ tudng.

b) Apdung tinhcuthé:  A=H, n, = 1 mol
B=N, n,= 1 mol
c) Gidng nhu ciu hoi a), nhimg A va B 12 ciing mét khi.

Pdp sd: a) AS = R[n ]n( +“2]+ ("’HE] Q&Ql 1/ In 1/ys)
ap so: a =14, In n Ly, +min 1fyg

In,

b) AS= 11,521 JK" \?\
¢) AS=0 O

E Tinh bi€n thién ning lugng Gibbs cﬁaﬁh din n¢ dang nhiét &t =25°Ccha 2
mol kfu 1y tudng tir 4p suét 1 atm xuéng 0,1 % .

Bdp so: AG 555 = —11.409,64 J(Eﬁ

3. Tinh bién thién nang ibbs ctia qud trinh tron 1n »n, khi A véi ny mol khi B.
Cho biét nhiét do va 4p sudt ci \qq i lic ban déu la nhu nhau va cdc khi 1a 1Y tdng.

Pip s6: AG =RT{n, Iny, +n, lnyg)

4. Tinh bién thién ning lugng Gibbs clia qud trinh dong dac 1 mol mudc 1ong .Er —10°C.
Cho biét ¢ 10 \p suat ctia hoi nude bao hoa la 2,149 mm Hg v ciia nude d4 1a 1,950 mm

Hg. O
OO Dapso: AG= ~218,48Jmol ™’ ‘
5. Su oxy hod glucozo ¢ 25°C xdy ra theo phan tng:
C.H,0, + 60, —» 6CO, + 6H,0
Tt phép do nhiét lwong k€ ngudi ta thu dugc AU =-2810kImol ™ va AS = 1824 J K ".mol™.
a) Phén nio cha nang lugng nay c6 thé duge khai thic dudi dang nhiét va
b) phin nio dudi dang cong ?
Dép s8: a) AU= Q,, =-2810kJ.mol™

b) W =AA =-2864 kJ. mol™
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=
[

6. Tinh bién thién eniropy khi dun néng 1 mol KBr tir 298K dén 500K. Biét:
C(KBr) =11,56 + 3,32.107 T (cal/mol.K)
Pép s6: AS = 6,655 cal/mol.K
7. Tinh entropy cta Fe—f3 & 755"C, biéi ring:
S,uu(Fe—at) = 6,48 (cal/mol.K)
C, (Fe—o)=4,13 + 6,38.107 T (cal/mol.K).
G 755 *C Fe—a chuyén thanh Fe—B va hdp thu 366 cal/mol
DAp 6 Syns = 16,425 cal/moL.K 60

8. Tinh AG,y, ciia cdc phan tng : e\(\

a) Fe,0, + 2Al1 = ALO, + 2Fe

b) 2C0, = 200 + O,
¢) C(graphit) = C(kim cuong) - 6\

d) Fe,0, + 3CO= 2Fe + 300, \k—

e) ZnO + CO = Zn + CO (Eﬁ
Cho biét: Q
Al,

X
{Eﬁ:p] CO €O, Ckimcuong)  ZnO

O,
AG Sy,  (keal/mol) —3760@) “177.1 32,88 -9426 0,685 94,26

9. 0 25C entropy, cfil Jtu huynh dang thoi va dang mot xién 1a 7,62 va 7,78 cal/mol

do, nhiét chiay tuong fmb 0 va =71020 cal/ mol. Tinh AG va AA clia qud trinh
0 S (thoi) — S (mot xién).

O nhiét do pay dang luu huynh nao bén hon?
C6 thé bd qua su khdc nhau vé khéi luong riéng cha hai dang Iuu huynh nay.
Pip s6: AG,y ~ AA = 32,3 va dang thoi bén

i 10. Xic dinh Q, W, AU, AH, AS, AG va AA cha qud trinh hod hoi thuan nghich 1 kmol
- nudc & dp sudt P= 0,7 kg/cm? , biét riing & diéu kien d6: nhiét do soi by, = 89,42°C, nhiét hod hoi
rieng AH, = 5455 kcal/kg; thé tich riéng clia hoi V, = 2,419 m3/kg; thé tich riéng cua long V,

= 0,0010354 m¥/kg.
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Dap s6: Q =9819 kcal/kmol; W= 713,6 keal/kmol;
AU = 9105,4 kcal/k mol
AH = QP = 0819 kcal/kmol
AS = 27,1 kecal/kmol.K
AG=AH-TAS =0
AA = -T716,182 kcal/kmol
i1. Tinh AG,, cha qud trinh thang hoa vang & 1000K {\
Au(s) — Aulv), d
trong dé s — rin, v — hai, biét: AH,,, = 90500 cal/mol; AG,, = alfmol

Cu(Au)y, = 5 calfmol. K

i .C.{Au)ﬁﬁ,ﬂ+1,44.m‘-"1‘caum¢.1."lg\o’ -

)

&

- 12. Tinh AU, AH, AS, AA vi AG clid'gua trinh din ding nhiét cha 11it khi 1y ong &
25°C ta1 100 lit. ' (2}
Dap s8: AU,y = 0; AH,g —@S s = 2,152 cal/mol K; AA = AU — TAS = -27128,16
cal/mol; AG = AH - TAS = =27
13. Nguvi ta ng % 1 mol amoniac khi & dp sudt p, = 1 atm. va t, = —20°C thanh mot
mol amoniac long & dp @ p; = 10 atm. vat, = 24°C.

Amoniac h chat nhu khi ly tudngva c6 thé cho rang thé tich ciia pha 16ng khong
ddng ké so v%@h cuia pha khi. * |

-

' Diép s6: AG,,, = 61777,449 cal/mol

AS clia qud trinh bién ddi trén. Cho biét: Cp(NH, )= 24,66 J/mol; nhiét hod hoi

mol ciia ammoniac AH,, (NH, )= 19,825 kJ/mol $24°C va 10 atm.; R = 8,314 J/mol K.

Dip s6: AS =-81,93969 J/K
14. Nhiét dung riéng ¢, clia mot khi c6 khdi iugng m 14 him tuyén tinh chia nhiét do T:
cp=a+bT

(a va b la cdc hang sd) trong khodng nhiét do T duge xét.
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Tix dé, hdy rit ra bidu thitc cho bién thién entropy AS cia mot mol khi nay néu dun nong
thuin nghich khi dé dudi 4p suit khong doi tir t,°C 61 ,°C .

Ap dung. Tinh AS cho nito N,, biéi ring két qua do dac thuc nghiém din t6i hé thic:
cp= 1,04 4+ 1,1 107°T (¢, dugc tinh bing J/kg, con T tinh theo K)
néu nhiét do tang tr 27°C 16i 327°C, con dp sudt gilf nguyén khong déi |
Ddp s6: AS=20,28x 107 J/kmolK

15. Tinh bién thién entropy khi dun néng 1 mol NaCl tir 25 dén 820° C, biét rang

nhiét d6 néng chiy ciia né bing 800° C , nhiét dung mol C; = 12, 12 cal/mol.K (cho '),
C, = 15,9 cal/mol K & nhiét do néng chay va & nhiét do cao hon 800 C va nhiét ndng chay

L =7220 cal/mol. E\(\
Pép s6: AS = 22,542 cal/fmol. K
iét do 0" C néu ti

16. a) Tinh cong t5i thi€u cdn thiét dé cé dugel kg (nm@}ﬁn
lanh truyén cho moi trudng bén ngoai nhigt & 25°C.
b) (25 Ctd lanh truyén cho moi trudng h&nw bao nhiéu dé cho duge 1 kg
d4 (AH, ciia dd bing cal g™") \k_
Dép s6: a) W =7,320 kcal

b)) Q=0Q,+W==8132 kc.Q(b"
\)(
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Ch.u’mg 3
CAN BANG HOA HOC

3.1 PAI CUONG VE CAN BANG HOA HOC Q
3.1.1 KHAI NIEM VE CAN BANG HOA HOC A

Mot phan ting hod hoc duge goi 1a két thiic khi thanh phdn ciia hén an tmg khong
thay déi nita. Thudng, ngudi ta con néi thém i phan img hodn thanh LA mot trong nhidu
chit tham gia phin tng hoan toan bién mat . Nhiing phan iing khic dwedggi 14 chua hoan thanh,
néu cdc chit tham gia phan ting va cdc sin phdm cia phan iing ¢ &n tai. Nhitng phan ing

nhu vay dugce goi la phan tng han ché va gidi han ciia chiing 12 el ) ng hod hoc.

N6i chung, cic phan tng hod hoc déu Ia thuin n %othé tao di€u kién dé phan iing
thuén nghich bét ky chi xay ra theo mot huéng, do dé_matrén thuc & phan tng trd thinh bat

thuan nghich. Thi du, trong khodng nhiét do tir W” K va ¢ dp suit p = 10° Pa phin iing:
2C0O { ﬁl 2C0, '

Xay ra t6i ciing tir trdi sang phai. Trang théi eta hé hod hoc, khi t6c d6 cua phan g thuan v
- bang téc do clia phan ting nghich ¥, @q vV =V, dugc goi la cdn bdng hod hoc.

Tinh chat -:ﬁ ban cha hé h£lic;c O ciin bang 14 hé d6 6 thanh phéin x4c dinh & nhiét do
va dp sudt khong déi. Tinh bﬂ{h@p ciia thinh phén khong lﬁgi trir nhifg bién déi duoc xét & quy
- mo vi mo (sir dung nguyé dugc ddnh diu" vé mat phéng xa cho phép khang dinh 1a & can
5 bang vin cé hai phin ugc chiéu). G quy mé vi mé can bing chi c6 tinh chat théng ke.

Ciling nh@ bang nhiét dong, can bing & day 1a cin bing thuc, nhung khic & ché 1a
S '_ can bang khong mang tinh chét finh ma mang tinh chat &-;iug. Khi c6 su can bang hod hoc thuc
 thi khong phai qua trinh trong hé khong xay ra ma do hai qué trinh nguoe nhau bi trit 1in nhau.
:;'-_:_'::': 0] day khdi niém thuin nghich nhiét dong hoc khéc véi khai niém thudn nghich cta phan tmg
Vi tdt ca cdc qud trinh thuc, trong d6 c6 ci phin dng thuan nghich déu 1a cdc qud trinh nhiét
_ dong hoc bét thuin nghich. Can bing hod hoc ciing thod man diéu kién can bing nhiét dong néi
-:hung nghia 1a & trang thdi cin bing
gL | AG, =0
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3. 1.2 CAN BANG BEN VA GIA BEN

a) Cdn bdang bén
Mot hé hod hoc & can bing bén néu:
— hé dé khong thay déi theo thai gian;

— néu trang thdi cia né khong thay déi nhidu do c6 su thay déi nho cdc yéu 6 be
ngoal va néu quay trd lai cdc diéu kién ban diu thi thanh phan ban diu clia he duge khoi pht

lai. d-(\

Vi dy:

d 400°C quan sat dugc cin bing é(.\
250, 22280, + *
Ngudi ta gidm do6 chia ciia trioxyt lwu huy hon hop xuéng vai phén tram bin
cach dun néng t6i 420°C, réi khoi phuc lai than ban dau bing cdch ha nhiét do t6i 40C

C. Day 1a cin bing bén. ‘Q)
0 nhiét do binh thudng, xé Homthop H, + Cl, & trang thai can bing hoin toan. Nhiing
bién ddi nho, duong hodc 13 am, eda 4 p sufit hodc nhiét do khéng gay nén su tao thanh di mo

lugng nho HCL. Thoat nhin, coi h¢ H, + Cl, & can bing. Nhung can bing khong phai Iz
cén biang bén. Chi cin ¢ mot lugng rit nhd niing lugng & dang photon di 1am cho phén

ing Xy ra rit manh li@.

O

3.1.3 HAI {\@mﬁm BANG HOA HOC

ce)% hod hoc dugc chia thanh hai loai:

OQ Cdn bang dong thé

b) Cdn bing gid bén

Can bang loai nay chi bao gém mot pha.

— ¢ pha khi :

N, + 3H, Z2 2NH,
CO + H,O = CO, + H,

— O pha Iong nhut trong céc phan iing este hod.
b) Cdn bang di thé

Céan bang nay dugc hinh thinh do cé Su cung ton tai cdc pha khédc nhau ti€p xiic vdi
nhau va nhiing pha nay c6 kh nang bién déi 1in nhau.
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Vi du:
Fe (s) + H,0 =2 FeQ(s) + H,
CuS0,.5H,0 £ CuS0,(s) + SH,O
Nhiém vu co ban cha can bing hod hoc 1a x4c dinh thanh phan hén hop khi can béng va
cdc y&u t6 anh hudmg dén can bing.

3.2 HANG SO CAN BANG VA PHUONG TRINH PANG NHIRT VAN'T
HOFF

Xét phin vmg & dang téng quit giifa cdc chit trong pha khi (hé dong 6@&]} SuAL

khoéng 16n sau: \C\
ah, +ah; +..+aA, =bB, +bB;, +. +hEB€ %

Ap suft rieng phin ciia cdc khi A,, A,, ..., A, B, B,...., g la py .

!

Pa, o+ P, +Pa, o pﬁ,1 Viéc xét phan ting & dang tong quit vira @ ho phép giai quyét nhilmg

vin dé sau. Khi tuong quan giita cic chii tham gia phin @ pham ctia phan iing phit hop
vdi cdc hé s6 ty luong thi, & diéu kién nhiét do va dp .ﬁuﬁm dinh, phan ting s€ xay ra theo

chiéu nao?

Cac hgp chéit tham gia phin ing khong phai khi %ﬂng co quan hé véi nhau theo hé so ty .
lugng nén cdn cé tiéu chudn nr dién bién clia - dnAing cho dp sudt riéng phdn bat ky ctia méi khi
va cho néng do bit ky cua chét tan trong phia‘long. Vin dé niy cing quan trong vi, trong qud
trinh tién trién cla phin ing, lugng cde'cliat tham gia phan tng va san phdm ciia phan tng bién
doi. Do do, dé tién dodn qud tr‘m&’ dién ti€p theo cdn biét tinh bién thién nang lugng Gibbs
trong qua trinh phan ing. :

Gia sir cdn tinh bi& %én nang luong Gibbs cia hén hop khi 1y tudng. Ap sudt tong
cong ciia hén hop nay y {Ong clia cic 4p sudt riéng phén, ¢6 nghia 12 clia cdc 4p sudt mi mbi
ciu tir thuc hién g *1 i ¢6 mbi khi dé c¢6 mit trong ciing khoang khong gian nhu vay. Céc gia
tri 4p sudit riéng phin doc 1ap d6i voi nhau. Nhu vay, c6 thé xét (va diéu nay c6 thé chimg minh
mot cich nghiém ngit) ring ham Gibbs ciia hén hop bang téng cdc ham Gibbs ciia méi khi.
Ham Gibbs cua méi khi 1a

G;= G} + RT Inp,

trong do6 p l1a p sudt riéng phin. Trang thdi ddu, trang thdi I, iing véi a; mol chit A, a, mol chit
A,,...ma 4p St twong ng 12 p,, , p A, v Pa, @ nhiét do T, con trang théi cusi, trang thii I,

tng v6i b, mol chét B,, b, mol chat B,, ..., mi 4p sudt twong tng bang Ps, » P, ,..,,pﬂ?, & cling
mot nhiét do T.
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Nang lugng Gibbs ing véi trang thii diu clia phan vng 1a:
G, = a,f}hl + HIGA: +a,G ) ot akﬂm

G, =G, +RTlp, , G,,=G,, +RThp, ,..

va ham do tng voi trang thdi cudi bing
G” ":hl GEI + bZGBJ "J‘,..,"""" bf-?GBﬁ"

vai
Gg =Gp +RTInpy , Gy =G + RTInpg , ...
Trudc tién ta thiét lap biéu thic cho bi€n thién ham Gibbs do 6i cdc chat tham gi
phin g A, v6i cdc 4p sudt riéng phin Pa,+ Pa, s Py, nao san phdm cha phan ting

v0i cdc dp sudt riéng phdn P, - Pg, "'HPBF' Vi G 1a ham trang thai lai c6 tinh chit cong tinl
nén, d6i véi bién thién ham Gibbs AG,, c6 thé viet l D)

ﬁG]. = ﬁG” - &GI - h|G%r + hzﬁnﬂr + H++ 3.. G:‘I P H.EG;: T akGih + bIRrI
Inpg + BRT Inpp + ...+ beTlanE~ aR

Nhung
b, G}, +b,G3, + ..+ b@\s 3, G2, - ,GY, —.- 8,65, =AG?
AG? 1 bién thién ham tdn ciia phan Ging va bing hiéu ham Gibbs chudn ciie
cdc san phdm vi ham Gihhsaﬁﬁ'ﬁn cha cdc chat tham gia phan (ng. Nhu vay ta c6 thé vié
phuong trinh cho AG dudi {@g

C}O

Bi %hﬁng qudt nay cho phép tinh bién thién enthalpy tr do kém theo qu4 trinh bién
déi chél gia phan ting véi cdc dp sudt rieng phin Pa,+ Pa, s Pa 1020 d6 thanh sin
ph

phan ting véi cdc 4p sudt riéng phin Pg, - P, ,.",pﬂf. Néu enthalpy tu do clia sin

G. D

iy

E"l
Po, P, ---PEE}
PA,P:EI ."pi‘h

AG, = AG?+RT tn{

pham ciing nhu 14 ciia cdc chat tham gia phan ting thi phan ting khong xdy ra theo chiéu nio ci,
nghia 14 c6 su can bing hod hoc. Xudt phdt tir cic chit tham gia phan tng cé néng dé cdn bdng
va bién d6i ching thanh san phdm ctia phan iing ciing c6 néng do cdn bing, ta ¢6:

AG, =0
by b, _bf
1
ﬂ=ﬂGf+RT1n( p:' = pf}'h)
Pa,Pa,-Pa,

equil.
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Chi chii equil. & phia dudi c6 nghia 1a trang thai can bang (tir chit equilibrium tiéng Anh

b, by by
Pg, P, - p[—li - _
cé nghia la cdn bang). Biéu thiflc| — —“;;j dugce ky hieu bang K, nghia la:
Pa p.ﬂ Pa, /o _
1 ¥4 el
£ byh by )
Py Pa, - Pe5
TR ay = K:I’ {3 ?}
o WS r VB
-I':-I.'ltll

Hang s6 K duge goi la hang sd cdn bang. D6l vl mot phan tng dd cho, né chi phu
thudc vao nhiét do -

0= AG®+RT InK,
AG®=-RTIK, {0

Nhir vay la hang s& can bang K, va bién thién enthalpy tu do chuﬁr@?‘ véi nhau ri
don gidn. Nhac lai rang, & nhiét do dd cho, AG? 1a mot hiing s6 chi phu Qh vio ban chat cic

chét tham gia phan (ing v san pham cla phan ting. Phuang trinh t ay, vi AG 1a mot

hang s6 nén c6 mot hing s& K, ma & nhiét do da cho ciing chi p oc vao ban chat cdc chii
tham gia phan img vi sdn pham ctia phin dng. K&t qua tinh.fo: xac nhin diéu nay. Két luin
nay dua trén co s¢ G 1a ham trang thai. Ciing cén luu ¥ |:Et nita vé cdc phuong trinh (3. 1)

va(3.3) % .
| Khi viét G, =AG [+ RT In p ta ldy logany'oua' mot s6 va s§ ndy cé thit nguyén hay

khong? Cau tra loi 1a “khong” vi phuong trin ue € la
G=G" + @h—=ﬁ +RTlnT
trong dé | trong mau s6 ¢6 thit n la ap sudt (1 atm.). Cic thir nguyén & tr s6 va méu s6

triét tiéu nén ta lay logarit cl.r@m.f 56 khéng c6 thir nguyén, nhu trong biéu thic chira hang sé

cin bang. Ta ky hiéu \
OQ by by b g
Pgp,Pp, - Ppp
O iy iy H - HF'
O R Rl B

e,

bang IT, va [T, ¢ng véi thanh phin da cho nio d6 clia hé tham gia phan ing hod hoc hodc cdn
noi la img v6i hdn hop ddu. Ky hiéu init. 12 viét tit cla chit initial ¢6 nghia l&;b:i'; frclﬁu, khoi diu.
Khi do phuong trinh (3. 1) dugc viét lai nhu sau:
AG,=AG;+RTIn II,
Sau khi thay AG" = ~RT In K, ta duoc:
| AG,=RT (InTT, ~InK,) (3.4)

8-Hoa Ly NB
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e

Biéu dién thanh phin cia hé bing ndng d6 c din t6i hé thic sau day ding cho cic
khi 1y tuomg va cic dung dich lofiing
AG =RT(InTI, - InK) (3. 5)
Cic phuong trinh (3. 4) va (3. 5) dudc goi la cic plutomg trinh dang nhiét ciia phdn dng
hod hoc hoic phicong rrinh dang nhiét Van't Hoff.

Lagw y: Khi tdt cd cde khi Ia ki thue thi tdt cd ede dp sudt riéng phan phai doe nhdn
vai cdc hé s6 fugat va K, duoe thay bang K, con doi vai dung dich thuee trong triémg hop clinng
phdi thay néng dé bdang hoat dé a va ta cé K, va {1, twong tmg. Cdc hé thire duve thiét Idp cho
khi ¢6 y nghia co bdn va c6 thé ding dioc cho cde dung dich mide. Tréi @?‘ 18, nhue ta da thiy,
cde plutong trinh dige thiét Idp cho khi 1y twong ciing cé thé dp dw cdc dung dich lodang.
Enthalpy tir do ciia eldt tan dicoe xdc dinfi tiv plucong trinh %

=0"+ RTIn— (3. 6)

mol Q
vaic, = 1 B con ¢ la ndng do duge biéu dién mol trén mot lit. G° [a enthalpy tu do

chuin clia mot mol chét tan, nghia la enthal @,tla ting véi noéng do cla chal tan bang 1 mol
trén lit (c, = 1M, hé s6 hoat do y.=1). Néu dich khéng phai 14 lodng thi, khi thay néng dé ¢
bang hoat do a = cy, trong dé y 1a hé s6thogt d6 ta ciing ¢ K, tuong ng.

i=G"'+RTIna (3.7)
Néu dp dung hé thiic l%hfmg phai cho chét tan ma la cho dung méi nguyén chat, thi
& diéu kién tiéu chudn ta p@é
G=G"

O

Hoat dé clia rﬁﬂg mdi nguyén chdt, theo quy woc, duoc cho bang mér don vi.
&

Tat ca é thiic néu 1én mai lién hé gilia cdc dp sudl riéng phin, néng do mol, fugat

hodc hoat 'g‘“ dc cu t trong cdc biéu thic hing SL‘: can bing K., K., K, K, duoc goi 1a dinh

ludt t c@ khoi liong.

6] ap sudt va nhiét do khong doi hodc & nhiét do va thé tich lchﬂng déi, mot phan tng bt
k¥ chi ¢6 thé tr xay ra theo chiéu giam nang luong Gibbs G hodc ning luong Helmholtz A, cé
nghia 12 AG <0 hodc AA <0. Ding cdc phuong trinh (3. 5) (3. 7) ¢6 thé tinh duge AG hoic
AA cho moét phan ting di cho ¢6 thanh phidn nhat dinh va xdc dinh duge xem phin tmg c6 thé
xay ra trong cdc diéu kién dugc xét. Phuong trinh (3. 4) va (3. 5) cho thdy, phu thubc vio tuong
quan gitia I'T va K ma phan ting s& xay ra theo chiéu hudng khidc nhau, cu thé la

1. Néu IT =K, nghia la thanh phin ban ddu cla cdc chét tham gia phan tng tring vdi
thanh phdn can bing nén AG = 0. Do dé6, ¢ T, p va I1 xdc dinh hé s& & trang thdi can bing hod
hoc.
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2. Khi IT<Kthi AG<0.Khidé, &p, T va IT di cho, phan ting chi c6 thé xdy ra theo
chiéu thun tir trdi sang phai. Néu gid tri am cia AG cang I6n thi, v& mat nhiét dong,
khd nang phdn ting x4y ra tir trii sang phai cang lén.

3. Trong truong hop I1 > K thi AG > 0 va phan tng chi c6 thé xdy ra theo chiéu
nghich tir trdi sang phai.

MNéu:

— K >>1 = Thyc i€ phan \ing xay ra tir trdi sang phai, nghia Ia phan (ng I3 phin ting
thuin

— K << 1 = Phan ting thuc t€ xay ra tir phai sang trdt, phan ting nghich d'(\
Vi du 3. I vé dp dung cong thiic (3. 3) \Q

Tinh hing s6 can bang & 25°C clia cic phan ing: $

a. /2Ny(g) + 32H(g) = 1NH(g Aﬁ ﬂﬁ Jﬁ; \}

b. Nxg) + 3H(g) =  2NH(g) —y

c. NHi(g) == 1/2Ny(g) +3/2 Hyg) t
Cho bigt: AG3,,, (NH, ), = ~16450 J/mol (x g I 1, phu iyc B)
Dips6: a. K,,=764,789; b. K,, d@z 105 c K,, =131 107
' igi

a. Tir biéu thiic: \)(

Pun,

R

C} (F’M,] (PH,)

v, trong trutmg hop nay, A@rt_» AG;,,, =-RTInK,

O e,
AnK,= —>—== )
Thay s6 cho ké@
.: = —— _I
. nK,, = -~ 164500mol

8314 208K

mol.K QX

=6,639564864 = 6,6396 A

b. Tir phuong trinh phan tng (b), cé thé viét biéu thifc cho K,

(Pmu]l ijMI?j A s <X

Kiy=— =K? e T g
M- I:'r-lz(l-""l-r;,r.5 | i KPMJ% \fﬁ'ﬂ) &

c. Tuong t, tir phuong trinh phan ting (c), ¢6 thé viét bicu thic cho K,.:

I e il oLy R
! -l - LT - L
R L e

Lt

-
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2 2
i (F'u] ) (PNJ ] ” |
s = - k .
t P, ' Kp,il
Thay s6 cho két qua:

K,,=764,789
Kon= 764,789° = 5,84902.10°

1

K,.=————— = 131107
764,789

O

3.3 MO LIEN HE GIUA CAC HANG SO CAN Bﬁw{f(@ﬁﬂ K, VA K,

Phu thudc vao loai ndng do dugc ding ma ¢6 thé nhan dige ¢dc biéu thic hing s6 can
bing khic nhau. Nhung, do giifa cdc loai ndng do ¢6 mai lién it dinh nén gila cdc hing s0
can bang ciing phai 6 maéi lién hé nhit dinh. Ta xét mai

gilfa cdc hing s0 can bang do.

3.3.1 MOI LIEN HE GIDA K, VAK, - ((\

Ty s6 loai 4 E
1% ba b
‘%:’H] "-?Bg]

: ]
il
iy a
A

¢ VAP : e v

copuil.

ia ndng do cdc chit tham gia phdn tng va san pham cta phén
dinh nghia, néng d6 mol cha cdu wr A, duge ky hiéu bing

c6 thé duoe biéu dién nhur 12 hi
ting ¢ trang thdi cin bing
[A] hodc c, 1a 56 mol @

cho thé tich V cti l% ¢
S . n
o [-'ﬂ"f}“_ G T

U tir A trén mot don vi thé tich hodc tong s6 mol clia cdu tr A chia

O v '
@ng do mol thuding duoc biéu dién bing s& mol trén mot don vi thé tich va don v thé
tich thuong ding hon ca la lit. Pai véi khi 1y tuong, ¢ thé sir dung phuong trinh trang thdi ctia
khi 1y tudng dé bién déi biéu thiic hing s6 can bing

Pa, \Y =My, RT
nén

]:rm:%'uRT:[At]RT:cAIRT
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Ciac he thic twong w cho phép biéu dién cic ap sudll riéng phin & PR—
P, Pg, +Ps, - Py, nhu Ia ham cia cdc néng do ¢, L WAL Y Y o Khi dé,
biéu thirc K, (3.2) duﬁr: vigt nhu sau

1‘.!5. |_1":" |+h L"j bg hf‘"
L ART Cp Cp -
Kp:[ EF{ }b J :}( Bj I!;_ H‘F] (RT}{hi h: : h-F} {""I 2t .|hJI|
el

3 N !t+"|1+ Ay ily dy iy,
{:nlcﬁl... m{fﬂ) gl oy

eguil, -

Nhac Iai rang a,, a,,..., a, ; by, b,,.... hflﬁ cdc 50 mol clia A, A,, ...,A,; B, B,..... B, trong phuong
trinh ty lugng ciia phan fing. Néu cho

by {
(bl +b, +‘..+bf_,]—(a[ +ag+...+ak)=ﬂn; [E c“ c""f} @Q{S 8)

ta nhan duge bidu Hue dinh ludt tde dung khoi lieong (hode dinh [itcit e;g va Waage): K,

nfuf la ham ciia cde nong do mol. K, la héng s6" can bang gdn véi ¢ 6 g dé mol va, doi vei

cdn béing dd cho, chi phy thuge vio nhiét do. Q_

K= K.(RT)™ ((\ (3.9)

3.3.2 MOI LIEN HE GIUA K, K., VAK, \k,@

Dinh ludt tic dyng khéi luong con duge pﬁ i€n bing cdch diing phin mol vi 6 mol
clia cic chdl phan ing. Trude tién ta xét biduddicr hig 56 can h&ng K., 12 ham ciia phin mol y,.
C&u nha{, lai ¢ d&y la }n dum: Ellll'l,‘-? dt: k}r’

1% __n mol ciia cdu tri trong pha khi, x; Irﬂng pha
phén cia ching tuan theo -:imh luat Dalton, ap sudt

.......

RT, p,,V=n, RT,.. va PV=) n RT

V la t@éng cong. Trong trudmg hop chung, néu ky hiéu p; 1a dp sudt rieng phén
cila cdu tir i thi

n;

Z wb. ¥i dugc goi la phian mol
" O
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Khi do, véi
by by
Yh ¥ e
) 510
. }r‘ﬂ“'y‘ﬂ"-‘ equil.
gila i, va K, ¢6 mdi lién hé
K,=K,P*™ (3.11)

K, phu thuée nhiét do va dp sudt iéng cong.
Cing dé dang thiét lap m&i lién hé giiia K,vaK,

by by b by by b
KF:{Pmpﬂz"*PBf] _| Mg, N | P (3(\

iy 'ﬂ-] iy e El a il
Pa,Pa,-Pa, Ny Dyl Z
- ~lequil,

Néu ky hiéu \\
PEARS)

(n“'n'&;mn;&% ch‘ 3.1
i il HN ] i '
LN o L e 18
i fut]|
P
— (3. 13)

x i
Cuéi ciing, mai lién @ cdc hang s6 can bing khéc nhau nhu sau:

O

C’Kﬁmml“ =K,

equil.

B
& "

Luu ng s6 cin bang K,

=K, P (3. 14)

d@lién h¢ véi AG]  bai hé thic AGY, = -RTInK,. Khi dé céc dir liéu nhiét hod cho

phép tinh AG & trang thdi chuin (T = 298K, p = | atm.), sau dé tinh AG?Y . Trong truimg
hop cdc khi phin ing dugc coi 12 1§ twdng, c6 thé tinh duge K. Su phii hop gitia cdc gid tri tinh
duge va do duoc 14 rat 16t

-0 nhi¢t do T, biét hing sé cin bang K, (T) Ia c6 thé biét duge thanh phin hén hop céan

bang. Néu tim duoc gid tri K, rit nho, vi duy nhu bing 10™ thi hé chi chia ty lé rit nho luong céc
chit B,, B, ..., B:L’ Khong 1am thi nghiém ciing ¢6 thé thiy trudc duce la co cin tién hinh phan
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ting hay khong va xdc dinh dugce iruée 1a phai thay déi diéu kién tién hanh phan ting nhu thé nio
dé thuin loi cho viéc tao thanh sian phim clia phan tng B,, B,, ..., E;s*

— Ta bi€t rang, nhi€u cin bing hod hoc c6 thé cing 6n tai. Gia du nhw, xudt phat tir
mot hon hop cong nghiép CO + H,0, & nhiéi do cao, c6 ba can bing hod hoc:

CO + HO & 0, + H, (1)
CO + 3H, < CH, + H,0 (2)
2C0 + 2H, & CH, + CO, (3)

1S

Peo, P, Pcu,Puo | .
K, =( co, P ] ; K:'—‘{ CH ;ID] ; K_v.=[
PcoPuo/ PcoPu, /

eoquil . SR

el

trong d6 K, = K, xK,, nhung chi ¢6 hai trong ba can bing 1a déc lap@ t6 hop (3) = (2) +

(1)
O

3.4 CAN BANG PONG THE TRONG PHA m.%@\

Thé hod cha ciu tir A duge biéu dién nhu Ia ha phén mol x ciia né trong pha long

Ha =M, (T) +% XA
Dat cac gid tr1 p, vao hé thiic co ban (2. 43 n. 1. va tién hanh bién déi d&i véi x ciing

nhu doi vai p, ta duoc hé thie @X

1:{“1 }{bE
BBy By
A, 8, a, =K. (T) (3. 13)
Q) o \XpKp Xy ) o
vdi \

-RTIh K, = Vi ]

AG] (I e, (1) + by, +.+1 ~[a,n, (1) +,m3, (The..va g, (7)

Dinh luat cho khf 1y tudng chi ding déi v6i dp sudt nho, ¢6 nghia 14 d6i véi néng do
thap. Khi x€t phan g trong pha 1ong thi, dé cé duoc nhimg diéu kién tuong tw nhu déi véi khi
Ij wdng, cin phan tdn (hoa tan) cdc phan tir cdc chit tham gia phin ing vao mot dung moi va
khong c6 su twong tic giifa cdc hat trong dung dich. Nhu véy, dung dich phii Ia lodng (dung
dich phai la ly tudmg hodc 1a gan véi dung dich 1y twong nhu dung dich lodng).

Gia sir s6 mol t6ng cong trong hé 1a n, trong dé ké ca s6 mol cia dung méi, chiia trong
thé tich V cia pha.
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- n, n, V . i
AT . L e
Sno vV T e

AG, = AG? +RTIn T,
AG},=-RT K,
Phuong trinh cho K (T) dugc viét 13

by f—"r b

An An

‘J
Zﬂ Z
J P n, ¥
Néu Iuu ¥ biéu thifc x, = = vi (3. 16) cim hm vé hang s6 cén

bing thi
Z@ ' 3.17)

(3. 16)

(3. 18)

NéuAn=0thiK, =K, =K,
C6 thé viét biéu thiic (3. 16) Erdan

Q Z n;

56 mol cidc chit l@ phan (ing 14 bién 56 duy nhdt, nhung s6 dé ludn nhod so véi s6
thyc t€ 12 khong déi va c6 thé cho bang thé tich ciia dung méi.

=40

(3. 19)

mol cua dung moi. Th

Khi d6 ¢6 thé coi@) hing s6 va. cling nhu K,, K, 1a hdng sd edn bang lién quan dén néng dé

mol. Trong 1 op 58 mol cdc chit tham gia phan ing bang s6 mol sin phdm ctia phan dng
An = 1.» hé thifc chinh xic K(T) = K (T)
idu3. 2

D61 véi phan tng este hod giita cic chat long
dé dang tinh duge K.:

Cenycooc,, CiLo

=K,

Cen,co0nCe,n 0
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¢ 298K cho phan tng este hod rugu etylic bing axit axetic vi, thie nghiém cho thdy, néu ban
ddu c6 1 mol axit va 1 mol ruou etylic thi, & can bing s& ¢6 0,3 mol axit va 0,3 mol rugu duoc
tao thanh. Két qua thu dugec tir thuc nghiém dugc dua ra trong bing sau

Trang thdi ban ddu Axit Rugu Este Nudc

56 mol n : | ! () i 0
Trang thdi can bing "

56 mol n N 0.3 0,3 0,7 0,7

Néng doc =— {M} 0,3 0.3 0.7 ,@;E
lit A" . V V Q v
= \ﬁ'\ B

Dinh luit tac dung khoi lugng duoc viét nhu sau: %

Y \S‘s
Y V
0.3 ﬂq—K — K-SMQ,

hod

Y

Qua vi du cu thé vira duge dua ra ta thdy, khi s \E‘nﬁlcua cac chiit tham gia phan ting
‘bang s6 mol clia san phim cia phan ing, nghia 1a An hi thé tich ctia moi trudng phan ting
khong doéng vai tro gi trong qud trinh xdc dinh c: h‘% ) can bang loai khdc nhau,

Dé dénh gid luong chit phan ting hién guﬁl ta ding khdi niém tdng quat la mirc do
phan tmg duoc ky hiéu bang £. Khii nié rit tién vi diing né ¢6 thé dénh gid luong chit
phan (ing bang cdch nao ciing duoc, vi re\lm bang s6 mol, su thay ddi nong do hoac dp suat
riéng phén cta chit phan tng v.v... @J tic do & tham gia phan dng (£ c6 thé duoc biéu dién
vi du nhu bing s6 mol chat da th&}gia phan ting) & trang thdi can bing dugc xdc dinh thi cdn
bi€u dién hing s& can hﬁng\q\@uﬁ: do cin bang & cia phan ting va dp sudt. Ta s& gia thiét cdc
khi 1a 1y tudng.

Bude dau tié
cua phdn tmg q

Vi du:

Xet sy phan ly N,O, v6i lugng chdt ban diu duoc tinh bang somol la n_, 0, thanh
NO, & dp sudt va nhiét do di cho

gl bi€u dién phdn mol clia cic chat tham gia phan mg vi san phim
0 € phan tmg.

N 2":}4(3:' =2NQ, (g)

V6i mife phan iing &, lugng N,O, can bing Ia N, y,0, & va lugng NO, & can bing la 2,

Nhung, & nhiét do va ap sudt da cho, thanh phdn can bing khong phu thudce vao kich thude coa
hé nén ta ciing 6 thé chia cdc biéu thifc trén cho N,y o, V2 bi€u dién céc lugng can bing | — &’
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doi véi N,O, va 28" déi véi NO, khéng co thit nguyén. Nhu vay dai lwong & khdng cé thii
nguyén vi duge xdc dinh bang £'= :

nu.N,_EL,

Khi giai quyét nhimg vin dé cin bang hod hoc, dé don gidn, ta s& bo qua diu phiy trén
va chi vi€t 1 — &, chit khong viét 1 mol — &. Nén sdp x&p cdc dir 1iéu khi giai quy€t van dé lién
quan dén cin bang hod hoc theo mau sau qua vi du da néu ra irong bing 3. 1

Luong N,0, & trang théi cin bing l1a 1-£.
Lugng NO, & trang thdi cin bang 2& va nhu vy 12 lugng chéi idng {ng bang 1+£

Bang 3. 1
NO& = 2NO) és
Lwong chit ban diu 1 iﬁ
Lugng chat cin bang I1-£ & Luong chil t0ng cong
i
Phéin mol can bang 1-& —® 28
| + & 1+ &
PND; p
48
5 K K, = 4E*
Pwﬂ:r. -8 S
1 + };
@ I{ + 4 E:, K,

N
S - -
OO ; K,+4 po

Caic 4p suat rieng phin cila cdc chdt & cin bang nhan duogce bing cdch nhén cic phin mol
clia chiing véi dp sudt téng cong P. Phuong trink vira nhan duoc cho ta tuong quan giita hang s6
cin bang K, miic do phan ng khi can bing £ va dp suit téng cong P. Biéu thic cho & ciing cé
thé dugc viét lai nhu sau
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3.5 CAN BANG HOA HOC DI THE

Can nhac lai ring mot he di thé duge tao thanh tir nhiéu pha ti€p xiic v6i nhau. He dé cé
thé 1a hé hod hoc hodc vat 1y, tuy thudc vao cic cdu tr co kha nang tuong tdc hod hoc véi
nhau hay khong. Nhimg hé c6 thé di dén can bing phéi thod min cdc diéu kién vat 1y thong
thuong, d6 la tinh déng nhat clia dp sudt va nhiét do & moi ché ciia hé.

3.5.1 HE CHUA MOT PHA LONG VA MOT PHA RAN

Trong hé: ; d(\

BaS0, Z=2 Ba™+ S0} \(\

sunfat bari la rin, con cic ion SO;” vi Ba® thuoc vé pha long. Dé dang vighbi€u thiic cho hing
50 can bang trong truding hop nay vi néng dé ciia pha rin bang 1 0‘

xﬂ;lt*xﬁf_‘-ﬁ' :K“‘(T); cﬁa“ cb{);

3.5.2 HE GOM MOT PHA KHI VA PHA RAN ! “@((\

Néu cdc chit rén va 16ng tham gia phan ting k{%j tao vdr nhau hodc vdi cic chat khi
thanh dung dich rin hodc 1ong thi, & can bing vad 1@( T khong doi, 4p sudt rieng phén cia
mobi mot trong cdc chat [a mot dai lugng l{hfm NG bang dp sudt hoi bdo hoa bén trén chit
nguyén chit da cho. Ciing nhu truding hop cic thé hod cila cic chit rin chi phu thudc vio
nhiét do nén biéu thiic hing s can bin &t\ham cla cdc dp sudt rieng phin va khong chiia céc
s6 hang lién quan dén cdc pha ran.

Dinh ludrt rac dung khoi hrgu% o thé' diege dp dung che pha khi vor diéu kién la trong
bidu thitc ciia né chi ¢é cde dﬁ\ t riéng phan cia cde chdt o pha ki

Vi du:
— Phan tn nhu%t carbonat canxi:
@ﬂia} = CaO(s) + COg) Pco, =Ky(T)
~ Phan ting gitra than va khi carbonic :
p.
P
Cls) + CO;(8) == 2C0(g) Gl
| ‘o,
— Phan ting giita sat va hoi nuée :
9
Pu
3Fe(s) +4H,0(g) == Fe,0,(s) + 4H,(g) ol —=K(T)
H,0

— Phan iing gitta oxit sat FeO va oxit carbon:
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Fea,

e0(s) + CO(g) <=2 Fe(s) + CO(g) K (T)

coO

Nhu vy 1a dp sudt hoi clia nude & can bang 12 hidm chi eda nhiét do.
Luw y: Nhiéu khi mét muéi cho nhiéu mudi ngdni tiwee na gifia chiing o nhitng cdn
bding néi tiép
CuSO,.5H,0 ZZ CuSO,.3H,0 + 2H,0
CusSO,.H,0 =2 CuSO, + H;_.D

Nhiing cin bang nay déu cé nhing tinh chat nhir vira duoc xét. E |
ap v khi ndy cho cac muéi

Nudc c6 thé dugce thay bing ammoniac. Nhiéu mudi

ngam ammoniac ¢4 cong thic chung la Mudi. nNH, . ANH, hodc AgCl . 3NH..
Mudi AgCl vd NH, lién hé véi nhau bdi can bang di thé

2AgCI(s) + 3NHy(g) Agf:i. 3NH,
Dinh luit tic dung khéi luong cho thiy Ap sudt u@hi ammoniac 1a ham chi cha nhiét do.

Vi du 3. 3 vé tinh thanh phén hén W n bang vi cin bing di thé

O 1000°C hiing s6 can bin ing:

=
FeO ( )){ ® = Fe + CO (g
bang 0,5. Tinh néng do cic ch&\ dc cén bang, n€u nong do ban ddu cia cdc chat nhu sau:

[CO] = 0,05mol co, ] 0,01 mol. £, ¢~ ky hiéu lit
idi
Ta viét IKWE trinh phan ting
FeO(s) + CO(g) == -Fe(s) + CO,(g)

O th dau; 0,05 0,01
@91 diém 1 cé x mol/lit
da tham gia phdn tmg: 0,05 — x 0,01+x

Theo dinh nghia vé hang s6 cin bing: | | |

Ceo,e 0,01+ :
K, =2} i = —— = =0,5 = 001 +x=0025-05x= 1.5x=0015 |
Ceorg 0,05 -x

x = 0,01 |
[CO] = 0,05 - 0,01 = 0,04 |
[co, =001 +001 =002
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Dép s6: [CO]=0,04 mol. (': [Ci)l ]-—. 0,02 mol. ¢!

3.6 CAC YEU TO ANH HUGNG PEN CAN BANG HOA HOC

3.6.1 ANH HUGNG CUA NHIET DO VA PHUGNG TRINH PANG Ap
VAN'T HOFF

Trude khi xét anh huong cia cdc yéu t6 dén can bang hod hoc, cdn nhic lai nguyén 1y
chuyén dich can bing Le Chatelier duoc nha bdc hoc phip Henry Le Chatelier diua ra. Theo
nguyén 1y nay thi mot hé & trang théi can bing néi chung (bét ké Ia can béng pha hay{chn bing
hod hoc) chiu mot tac dong bén ngoai lam phd v& can bang thi né s& bién ddi theo @chﬁng
lai e dong do va lam cho tic dong nay bi yéu di. Nghién ciiu cde yéu 16 a ng dén cin
bang hod hoc cho thdy Ia nguyénly chuyén dich cin bang Le Chatelier ¢ %uﬁc xét vé mit

dinh Iuong. S
e
InK,=——1L
RT @
D¢ biét dugc sy thay déi hing s& can bing theo hi@@_ phai 14y dao ham hai v& ca
phuong trinh theo T % ' '

dInK, __;ﬂ_(%@ d (am}
dT dT\ R RdAT{ T
Nhung ta da thiét lap duoc (xem lai 22)
d T _ AH;
T J'_ T?
trong d6 AG] va AH7 Ia bié’@ién enthalpy tv do v bién thién enthalpy tuong img ciia toan

bd phan tmg theo chiéu thu@—; :
Tir d6 riit ra duoc O

O dlnK, 1 d (aG:) AH?
dT ~ R dT[ T J“iﬂ“_l
Cudi ciing ta nhan dugc cong thiic

dinK _AH;

dT  RT?
C6 thé riit ra cong thitc (3. 20) trén bing cdch khic ma theo cich nay thi AH trong phuong trinh

(3. 20) khong nhat thiét phai la nhiét cia qud trinh hodc phan img & ap sudt khi quyén.

That vay, sir dung phuong trinh déng nhiét Van’t Hoff (xem lai phuong trinh (3. 4)

.fit.GT*—-R'l"(lnl'Ipr —anP)

*

(3. 20)
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=L

va phuong trinh Gibbs—Helmholtz

AG; = AH, + T(%J
EIT [

cho thay AG; Ia ham ciia nhiét do va, do do, InK va K ciing & ham cia nhiét do InK = {(T). Dao
ham AGy theo nhiét do

d(aG) d
= (InT1, - InK,

Canluu § 12 py . Pa, s Pa, b P, Py, oo P, trong 11,12 cde dif liéu gén v6i hén hop
ban ddu. Vi viay ma I, va do dé, In IT, khong phu thude vio nhiét do. Ta r}m;rb

d(A dlnkK
( G}zﬂln [T, - RinK, - RT 5 (j

dT dT '
_ d(aG) - é‘;\
Pt biéu thic T cung gid 1 AG; = RT(!n&} “Kr-] vio phuong trinh

Gibbs—Helmholtz O

7]

ﬁGTzﬂH-F + T[%ﬁ 4
o P
ta duoc @
dinK,
RTInTII - RT an!,:ﬂHT{ig} InTI, ~RInK - RT a7

Tur do, rit ra duge cong thic:

dan) AH,

N
{Q dT /,~ RT? S

Phuong trinh (3.6‘%1&& nhian duoc 1a pluong trinh dang ap Van't Hoff. N6 thiét lap
moi lién hé gitia bi€n,thi ing sO can bang theo nhiét do vi bién thién enthalpy kém theo phan
ting. Phuong trinh.dang dp Van’t Hoff dp dung cho cic qué trinh xdy ra & 4p suat khong déi nén
nd con duge g ! vong trinh dang dp cla phan tmg.

rinh (3. 20) va (3. 20') cho thay AH; xdc dinh anh hudng ciia nhiét d6 téi hing

sO cdn
That vity:
~ Néu AHy 1a duong, AH; > 0, ¢6 nghia la, d6i véi phan dng 1a thu nhiét, phuong trinh
dinK
P

dT

cho thiy dInK la duong néu dT 14 duong ( } > 0. Nhu vay 14, déi véi phdn g thu

nhiét, K, tang khi nhiét do tdang.,

Diéu nay pho hop véi nguyén 1y chuyén dich can. biang Le Chatelier: Trong tit ca cdc
trudng hop, khi ting nhiét do, can bang dich chuyén theo huéng hip thu nhiét. Phan tmg tng
hop la phén (ng phat nhiét nén sy giam nhiét do c6 1gi cho phan ung i6ng hop, con phan tng

phan ly Ia phin ting thu nhiét nén ting nhiét do c6 loi cho phan ting phan ly.
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dln I{p
dT

) < 0. Diéu nay c6 nghia

P

— Néu AH; 1a d&m AH; < 0, phan ving 13 phdr nhiét vﬁ(

12 khi nhiét do tang thi InK, giam va do d6, K, giam.
Vi du:

Phan iing t6ng hop ammoniac
N, + 3H, = 2NH,
ia phan ing phdt nhiét AHy < 0 nén tir, phuong trinh Van’t Hoff, ¢6 thé k&t luan la ddi véi phan
dinK,
dT

g nay < O va tir d6 rit ra Ja dlnK, < 0. Diéu nay cé nghia I3 hing s6 cﬁ‘{@ng K,

2
. 0
- N"'j— giam khi nhiét d6 ting. éC\

) Pu, Py,
— Néu AH, = 0 thi [dlﬂKp) ~ (), c6 nghia la khi nhi d@;} doi, ha ) Ci
T = dT pm ; g ion Q' I, hang s0 can
béing thyc t&€ khong ddi, do dé, cin biing thuc t& khong bi dich ¢ hi nhiét do thay déi.

i nhiét dé cang it anh hudng
tGi hang s6 can bang va dich chuyén cén bang. Nguo tri tuyét déi coa AH; cang 16n
(hiéu tmg nhiét cang I6n) thi nhiét do cang anh hudm ét 16i hing s6 can bing. Nhu vay i
tinh chat danh Inidng cita nhigt dé 16i cdan bang @ “ditge xdc dinh bang ddu va gid tri tuyél
doi cua hidu ting nhiét.

X

Qua viéc xét cic truong hgp trén, ta thiy AH; cang:

y doi, déu co sy thay doi ndng do cic hop chat
in thuc t€ cin bang hod hoc, & cdc nhiét do khic
. 20). Sau khi tich cdc bién, c6 thé dua phuong trinh

Trong ca hai trudng hop trén, khi nhiét
trong hén hop cin bang. Thudng, dé i
nhau cdn tich phin phuong tri
(3. 20) t6i dang: @ .

@ dinK = 'ﬁ-lir—dT
mT RTI s
C6 thé ti @1 phuong trinh nay néu biét sy phu thudc hiéu tng nhiét cia phan iing
vio nhiét do. Tr tng hop don gian nhit, c6 thé gia thiét 1a nhiét cha phan timg khong phu
thudc vio nhiét do. Diéu nay twong duong vdi gia thiét 1a AC, = 0 va thudng chi ding trong
khoang nhiét do hep hodc trong trudng hop doi hoi két qua tinh todn gﬁn ding. Khi dé, c6 thé
dua AH ra ngoai ddu tich phan va, sau khi tich phin, nhan dugc phuong trinh:

AH
InK,, =~ = + Const (3.21)

tuong tu nhu phuong trinh cho dp sudt hoi bdo hoa. O day Const 12 hiing s6 tich phan. Néu xét
khoang nhiét do di nho tir T, dén T, ma déi voi khoang d6 thuc t€ AH; 1a hing s6 thi cé thé
Viel:
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o S
7%, Kor, AH (J_ N ij (3.22)
|'I K, R AT, T, :

hodc & dang logarit thip phin: ,! Ill :
' |
|
r

K, AH [1 ﬂl*J :
. 230R\T, T/

I

(3.227)

Cic gid tri AH S, cling nhu cdc nhigl dungﬂ ri&né Vi nhiét dung mol ciia cdc chél rong
cic i licu tra ciu (xem phu luc B ) cho phép tinh hiéu tng nhiét AH? & nhiét do T va do do
tinh duge K, & nhiét dg T. Neu AHY . khong phu thuge vao nhigt do thi C; , béng khong, khi doé

phuong trinh | d{\
' d . AC,
AST =ASyg, + E T

08,13

cho thdy AS? ciing khong phy thudc vao nhigt dé. Nhu vay IH\I@S
4

dT

> =0 thi su phu thudce

hing 6 can biing vao nhiét do dugc cho bdi phuong trinh
AGS, =—RTInK, =AHy -

hoac - @S
o
' T

Néu mot phan ting xay ra o dié @-{ chudn thi hang s6 tich phin Const trong

phuong trinh 6
X Y AHj
&klﬂ' = RT + Cﬂnﬁt
. S

la Const =
i R O | |

Theo phuon \g; (3. 21) thi, n€u trén dé thi biéu dién Ink,, 14 ham tuyén tinh cla ?
trong khoang yma AH? va AS] d6i vdi mot phan tng la khong déi thi doan nhén

O ST s
dugc tr&n@lung do dudng thang cét truc dé cho ta gia trl R
, o~
Vi du 3. 4 vé dp dung céc cong thiic (3. 3) va (;_}:E}__#__? £
Khi nung NH,Cl & 427°C ﬁi.'- sudt hoi cla n6 bing Eﬁﬂ__ mm ngﬂ 459°C 4p sudt hoi ting

dén 8360 mm Hg.

Tinh:

a. Hing s6 can bing K,
b. Bién thién ning luong Gibbs chudn AGY,
¢. Bién thién enthalpy chudn AHY ,

AN e Py e bl

et e el i

e e — e
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=

d. Bién thién entropy chudn AS°cia phan tng nhiét phan NH,Cl & 427°C 7 Gja st hoi
tuan theo dinh ludi ciia khi 1y tudng.

Grigi
a. Dau tién ta viét phuong trinh nhiét phén: t A
NH,Cl (s) = NH, (g) + HCl (g) g

Theo phuong trinh phin ng thi, & nhi¢t do 427°C = (4274273) = 700K, khi nhis phan
et 1 mol NH,Cl cho I mol NH; . Viy dp sufi hoi khi nung NH,Cl chinh Ia dp suit tong cong
tao bdi NH, va HCL. C6 thé coi khi tao thanh fa khi Iy tuimg vi 4p sust & day khong 16n. Theo
phuong trinh phin ting thi, néu xusit phat tir 1 mol NHLCI thi trong hén hop khi z$nh c6 |

mol NH, va 1 mol HCI, vi vay 4p suit téng cong P = Phici + Pun, . Do lugng céc ay bing

4560 | "
nhau, nén pyq = P, = g = 2280 mm Hg. Vi NH,Cl 1a chit rén ﬂél% hic cho K, ¢6

dang: \}A}

Puc Pan, 2280 2280 Q—
I{I'II i L] s s =9
p° p° 760 ~ 760 i ((\

b. 427°C = (273 + 427) = 700K:
AG3yy, = -RTInK,= —8,314x700xIn 9 = —1278

c. Mudn tinh AH| ta ding phuong tri

76 Imol™ =-12,7874 kJ.mol™
Van’t Hoff:

| " RT

- | —AH1 1]
HFC) ETRAE T

O dayKoq, =9 T) = 700K yasT,,= 459°C = (459 + 273)K = 732K va dya trén cong thic trén

tinh duge K q}_l
K ?(E-ﬂ

— J —iy ﬂHu_ R TITl ]ﬂ KP:TI
T, R Tle ' Tz _T_I Kp,T,
... T ——— K om0
Puc =Ppn, = 5 mm g = mmig, K,y = 760 X Ton o

AH®=8314 mﬂﬂnl A 161387,2036 J/mol = 161,387 kJ/mol
= i, = ' = . = %
; 732 — 700 2 o mo fmn.

AH? - AG; 161,387 +12,7874
B 700

AG}=H;-TAS’ = AS’= =(0,248820571 kJ/mol K

AS°= 248 82 J/mol.K
Dipsé: a. K, = 9; %

g-Hoa Ly NB
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b. AG?= ~12,787 kJ mol ™" ;
c. AH?= 161,387 kJ mol™;
d. AS?=248,82 J mol 'K

3. 6.2 ANH HUONG CUA AP SUAT TOI DICH CHUYEN CAN BANG
Gia st ¢6 phan ting:
a,A, + 8,8, + .+ aA, = b, B+ b,B, + ..+ b
khi cdc chat tham gia phan ing déu & trang théi khi.

Vian dé dat ra 13 sy thay ddi 4p suat anh hudng nhu the nio i6i dic ‘i\ﬁn can bing khi
nhiét do khong doi? Hang s6 can bang dugc biéu dién nhu 13 him o n mol dong thoi la

ham cila 4p sudt. %

K,=KP* = 0
K, =Kp* 0’ (3. 24)
véi
ﬁ-.n- h + b, +..+b +aj+ +a)
Liy logarit hai v& chia phuong trinh g
K, — An InP
r6i vi phan theo 4p sust, dong mm\ﬁ‘y Ia 1nK,, khong phu thudc vio &p suat, ta duoc
dinK (F ) dink, An
P P
nhimg, déi vai hé 1y t K, chl phu thm:n: vao nhiét do, khong phu thudc vao ap suét
dinK Q) ,
={}, én
)
O dinK,  An
O P P (3.25)

huong trinh (3. 25) rit ra dugc 1 huéng clia su thay déi K, co ban chi phu thuéc
vao diu ctia An

a. Néu An = 0 c6 nghia ]a phan ting xay ra khong kém theo thay dﬁ: 50 mol trong pha
khi thi 4p suét khong anh hudng 16i can bing .

Vi du nhu déi v6i phan tng
H, + Cl, = 2HC
dink,
dP

=0
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dinK
b. Khi An > 0, c6 nghia 13 phan Gng xay ra theo chi€u ting s6 mol va ™ L < 0,do d6
¢

InK, va K, 1a ham giam ciia dp suat.

Vi du:
P43{14 ::'EPJ{}1

Khi dp sudi tang, hé chuyén sang trang thdi cin bing mdi, trong doé 1y sd

2
¥
[ NG, ] nho hon ty s6 (ng vdi trang thdi can bing trude, }’im! bi giam di, trong khi dé
b 5 I
- copuil,

Y n,0, tng lén va phan ing dich chuyén theo chiéu nghich. Diéu nay phit hop vdi n ){B@ Iy Le
Chatelier, nghia i theo chiéu giam s6 mol trong pha khi. | é

dinK \(\

P > >0, InK, va K, 1a ham tang cia dp s

Vidu: 0_0'

3}i1 T qu = ZPJ}{3
Bing cdch 1ap luin twong tu nhu irén ciling c6 ¢ @ t0 ring khi dp sudt tang phan
Ung xay ra theo chiéu thuin, nghia la theo chiu giam , chiéu giam tac dong cuia tang dp
‘sudt.

c. An<0, conghia la

Nhu vay 14 trong phén ting tong hop @ iac tir cdc don cht, su tang 4p suit thuan loi

cho viéc tao thanh san pham clia phin g X

Qﬁa cac vi du vira dugc néu ra@y ciing ¢6 thé dwa ra két luan chung:

Khi dp sudr tang hé c{t'ggyé’ﬂ theo luong giam s6 mol tong céng, nghia la theo
huang ldm giam s tdng dap m@d 7

N

3.6.3 ANH HUO A THANH PHAN BAN PAU VA KHi TRO TOI

THANH E CAN BANG
Xét phaming & trang thdi khi & dang téng quét nhu sau

a,A, +a,A, +..+aA, =bB, +b,B, +..+ thE

va, trong trudng hop chung, dé tinh hing s6 cin bang, thay vao ché dp sudt phai ding fugat,
nghia la f = yp, khi dé ta co6 K, tuong (ng

An
P
Ki= KK, =K?KY(F}M=K" K, [ Jz

2
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Wile S e ] L

_ P
= i ¥ - 26
i%. KTH“ [{Eﬁl_ +nﬁ1 'I" -..+nEI +nﬂl +-|1-I_ “il‘lﬂﬂ'ﬁ )J {3 }

trong do n,..— 12 s6 mol ¢6 mat trong hén hop phan tng, nhung khéng tham gia phan tng.
Nhitng chat nhu vay duoc goi 13 chdt iro. Khi phan ung xay ra ¢ pha khi thi n;,.,. 1a s6 mol cba
khi ro. Khi tro ¢6 thé duge hiéu theo nghia den ma ciing c6 thé chi la khi khong tham gia phan
tmg. Chi chil inert trong tiéng Anh c6 nghia 1a tro, khong hoat dong.

Bai lugng K, trong truding hop chung phu thudc vao nhiét do va dp sudt. Co thé giai
thich duoc diéu nay 13 do, & 4p sudt cao, dd nén cia cic khi khong gidng n{,g , nghia 1 cac
gid tri v; rong phuong trinh (3. 26) khac nhau. Néu hén hop khi la dun Iy twong thi K,
khong phu thudc thanh phin. O 4p suat rat 16n gia thi€t ndy c6 thé d \@\ai 56 dac biét Ia déi
vdi cdc cdu tlr ¢6 néng do khong 16n, sur hién dién ciia khi c6 cuc wong hon hop dan dén sai 56
dang ké. Xéi hai trudng hop 4p sufit cao va 4p sudt thap riéng. 0‘

K, c6 the khdc mot ngay ca khi 4p suat chi bang vai at nguge lai, & 4p sudt khd 16n, do cé sy

bil trir cac gid tri v, nén K, c6 thé gin bing mot, %m@hg
CH, (g) + H0(g) = GH,OH

¢6 thé 13 mot vi du cho trudng hop ndy, "29‘ day K, =~ 1.

Ap sudt cao. O dp suit cao phai tinh céc gid ’T& K,. Trong mot s6 truding hop

Ap sudt thap. G dp sust thipy tai’nhiét do béit ky, K, khdc mot rat it vi céc hé s6 fugat
khdac moét rat it do cic hé s fugai e 1€ bing mot. Trong trudng hop nay phuong trinh (3. 26)
trd thanh: 0

An .

v p

- ne] | | am
Cb n, (nﬂ' PN T T T

w;@Q vé ip dung cong thic (3.27)

s6 cin bing cia phan tng oxy hod SO, thianh SO; 6 T = 650 K vi P = | atm bang
629. Tinh thanh phin hén hop cin bang néu hén hop ban diu gém 7% 50,;11% O, va 82% N,
(theo phén tram mol). \Cf/
Gidi | |
O day N, khong tham gia phan g nén né Iﬁ-ﬂ.h@tﬁr, Pé tim thanh phédn hén hop cin
bang ta viét lai phan ing

50, + 120, = 350,

PP LN
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Trong hén hop ban ddu (mol) 0,07 0,11 0 (0,82 N,)
Trong hdn hgp can bing (mol) 0,07—x 0,1i-0,5x
op g(mol) 0.07-x  0,11-05x  x(0,82N,)
Toan bo trong hén ngp phan ing S n,=1-0,5X

i

Ap dung cong thiic (3. 27) cho trudng hop cu thé nay, c6 thé viéi

K. = nED‘ ( P
r 152

Thay 56, ta duoc
" [ 1 } @Q

620 =
(ﬂ,ﬂ? - xKﬂ,l - ﬂ,Sx}' 2 11-0,5x%

679 = X4/1—-0,5x L
(0,07 -x)}/0,11-0,5) \S%
Giai phuong trinh vira nhan duge, vi du nhu bang phuron lrra chon, ta dugc x =

0,0696 va trong hdn hop can bing,co

0,0696 mﬂ-—.kﬁﬁbz

1-0,5x 00696
0,07 - 0,0696 %04
&m % SO,

1-0,5x 0696
0,11-0,5x0,0696

x 100 =
- u,ﬁ@ﬁ 1% Cy
O a 85,12% N,

Qua vi cIu 3.5 ta thiy, 0 dp swit tong cong khong déi P = const, Anh hudng ciia pha lodng
béng khi tro twong tw nhu il cba giam 4p sudt 10ng cong. Vi du nhir trong qué trinh sin
xudt ammoniac hén hop -ﬁ‘ tng dudi dp sudt tong cong P = 1000 atm chia 0% khi tro thi
N Ungquan trnng trong cong nghiép hod chét. Vi vy, c6 thé 1ay vi du cu thé dé
minh hoa vai trd cifid khi tro trong trutmg hop nay.

Vidu3. 6

Hi¢u sudt clia phin img;
Lr“ZNI + 3{2H1 = NH;
\'/glﬁm di bao nhiéu, néu & 475° C va P - 300 atm véi K, = D 00504 Ky = 0,76 hén hop ban diu
chita 18% N,; 72% H, va 10% khi tro (theo phin trim mol) khi hén hop xay ra theo hdn hop ty
lwong thi nhan duge 31% NH,.
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T

(ridi

St dung phuong trinh va thay s0 vao phuong trinh (3. 26), ta cd

0,00504 = : <0 'Fﬁ:-:[ 3 ]H
T T (018-0,5%) (0,721,571 -x
x(1 - x) - 1.99

(0,18 -0,5x) (0,72 - 1,5x)""*

% ) 0,20 .
Bing phuong phap gin ding tudn ty nhan duge x = 0,20 hodc e far % I%QS%. Nhu vay 1a

nh vi viy ma trong qua
yén dugc "thoi thong”

voi su c6 mat cia 10% khi tro san lugng ammoniac giam di gin 20%.
trinh san xuat, dé tang san lugng cha NH, hén hgp phan g th
déu dian va khi sach tham gia phan iing dugc dua vao. 0‘

3.7.1 TINH HANG SO CAN BANG DUA TRER
NHIET HOA J

0 4p sust bing 1 atm. vd & nhi t'd‘@k\%ng tuyét doi AH =AU, c6 thé viét:
ae;(@u +(~ AH + AHY)
Chia hai vé& ctia phuong trinh cho | |
0 [G“ - Hg] AH®
=% ¥ 4° T

T
Nhung AGT=-RT ,SE{'::
\& .
ch ——=-RInK, v
O G°-HS) AH
O RInKp=—{ﬂ(TJ+ - J

G° - Hj
D¢ tinh K, cho mét phan ting cdn biét cic dai luong Tﬂ cho tdt ca cdc chat

tham gia phan (mg hod hoc d6 va gid tri hiéu ¥ng nhiét cha phén ting ndy & dp sudt chudn va

L o

nhiét do khong tuyét doéi, Tu duoe xdc dinh trén co s& cic dif kién quang phd vé tong

trang théi ctia hé, con AHj — trén co s& do dac nhiét lugng ké & diéu kién chudn két hop véi céc

2 dugc goi 1a ning lugng Gibbs riit gon va duge cho san trong

dit kién quang pho. — T

cac sdch tra ctiu hod ly.
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3.7.2. PHUONG PHAP NHIET BONG

Vi AG}=-RTInK, nén
AG?
RT

Ink, =—

Luu y: C6 thé tinh AG] theo phuong phdp Shvartsman—Tiomkin. Phuong phip nay
dugc dua ra dé tinh nhanh cdc tich phan c6 trong biéu thitc ciia AG® thutmg duoc trinh bay

trong cac sdch Lién Xo cii nham tiét kiem théi gian tinh todn. Nhung véi phuong tién ki thuat
tinh todn hién nay: mdy tinh khoa hoc b tii, mdy tinh cd nhan PC thi qué trinh tinh ¢ dc baj
todn hod 1y thong thubng tr& nén don gian vé mat thoi gian nén khoéng céin [h@glﬁi thiéu

phuong phdp dé & day. \(\
3.7.3 TINH HANG SO CAN BANG HOA HOC BANG PHU@gﬂiP GIAN

TIEP 0_
Tinh hing s6 can bing clia mot phan g nio dé dlﬁ@‘ hing s6 can bang ciia cdc
phan ting phu trg dugc goi Ia tinh hing s6 can bing mot c4 l@ tiép.

Nhimg phan tng phuy trg 12 nhimg phan g ma)\bang céch bién déi dai sd chiing, ¢6 thé
nhan dugc phuong trinh phan iing c6 hing s6 can Uﬁﬁ n xdc dinh. C6 thé hidu va van dung
dugc phuong phdp nay qua vi du sau. ”

Vi du: \X

D¢ xdc dinh hing s6 can bﬁn@ﬁn ing:

C(®+ 0, ()= CO, () () () AG;, -1
c6 thé sir dung cdc phan g, phat 1res sau:

CH,(g) + 20,(g) (g) + 2H,0(g) (a) vai AG),

2C0(g) + 2 = CHy(g) + CO\g) (b) AG,,

2(:0@0 = COJg) + C(g) () AG:,

2H,(g) + Oy(g) = 2H,0(g) d) - AGY,

Néu nhan cdc phuong trinh (c) va (d) véi —1 i cong tuong ing hai v€ cia cic phuong
trinh phu trg lai véi nhau

CH,(g) + 20,(g) + 2CO(g) + 2H,(g) — 2CO(g) ~ 2H,(g) - O,(g) =
COx(g) + 2H,0(g) + CH,(g) + COy(g) —COx(g) - C(g) - 2H,0(g)

thi, sau khi don gian, ta duoc phuong trinh (e) c6 hing s6 cin bing cén tim.
C + 'Dz = CDI
Do do, c6 thé viét
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AG® =AG?, +AG],-AG) -AG,,

~RT oK, =-RT K, ~ RTInK;, + RT InK,, + RT Ink,.
—lnI{ i —an,,H — 10K, + InK, . + InK 4
K,: _ K p.2 KI‘-',h
K, .K.a

3.7.4 XAC DINH HANG SO CAN BANG BANG PHUONG PHAP
THUC NGHIEM

C6 thé xdc dinh hing s6 can bing bing phuong phip hod hoc. Néu bi ong do ban
ddu céc chii tham gia phan ting va chi c6 mot phén ding xay ra thi cdn x4c d'@ dé ciia mot
chit tham gia phan ting hofic ciia mot san phdm phan ting & cn bing "-' tinh duge nong
fig cuia phan Gng.

do hoac 4p sudt ciia cic chat khdc bing cdch ding phuong trinh can b AT

V&n dé co ban 13 phai biét cin bang di dat dugc ghua, de khi phan tich hon hop
duge sit dung dé tinh hing s6 can bang. (J nhigt do khong ¢ {'. thé sir dung nhiing tiéu chudn
sau day dé khéng dinh la da dat dugc trang thai can bing, |

— Nhén dugc ciing mot gid tri hin bing cho trang thdi cAn bing dat dugc
tir hai phia, nghia 12 di t6i cin bang theo chiéu{ ah tng thuan va nghich.

~ Khi ndng do céc chét tham g n img thay ddi trong mot khodng gid tri rong van
s& nhan dugce cing mot glﬁ tri hang s c;!ﬁ bing

Di nhién 14 phuong phap@nc dua trén phén (mg hod hoc v6i mot chal tham gia phan

img hodc mot sin pham ciia duge sir dung dé phan tich nhu vay chi dp dung duge khi
phin tng nghién cifu duoc dimg lai & can bing nhu biing cdch 1am lanh rat dot ngot hon hop

phan ting tdi nhiét dd ﬂﬁ lﬁc do cha bi€én déi hod hoc ti€p theo la khong dang ké hoidc, néu
la phan iing co Xl am gia, thi bing cdch nao dé6 phd huy hoan toan xiic tac. Néu khong,
nong do s& th@ trong qud trinh phan tich.

O

e e e e




Sweu tam boi GV. Nguyén Thanh Tu # Google.com/+DayKémQuyNhon

CAN BANG HOA HOC 137
BAI TAP CHUONG 3
oy G G
(L) Tinh hing s can bing & 298K cia phan ing: Al e o7 M iy
- CO(g) + Hy(g) => HCHO (v) v o Th]
Cho biét AGS,, , ciia phin ing: AR
CO() + Hy(g) == HCHO (¢) %
bang 28,95 kJ.mol™ va 4p sudt hoi bio hoa ciia formandehyt & 298 K 13 1500 mm Hg.,(\
Dépso: K,=1,66. 107 d

s
2. Khi dun néng NO, trong mdt binh kin t6i mdt nhiét d6 nhat d;in@ ing cla phan

g <
2NOy(g) == ZNO(g) + O, (g) 0'
dugc thiét 13p. Bing thuc nghiém quang phé da xdc dinh duoc 0 NO, & liic can bing Ia

0,06 mol. ', Xdc dinh hing s6 can bing K. ciia phén tng e

NGO, bang 0,3 mol ¢, Q)
- Dipss: K, = 1,92 m‘%k LI

L
3. Hing s8 can bing ctia phin tmg; be
CO(g) + HO (V) - v H, (g) + CO,(g)

0 850°C bling 1. Tinh néng d6 cdc chit ]L’K{ bang. Cho biét néng do cic chat & hic ban diy
nhu sau: '

[COl=1moLe’ ;  [H,0] =3mals

Bip s6: [CO]=0,2 ;+ [H,0] = 2,25 mol/¢: [H, ] =[{j{jz] =075 molfe
Y,

4. Khi dun n@ y ra phan iing; :
2HI(3) 2 LM + Hy(g)

<=
o] mot nhiét do nao d6, hing s& can bing ciia phan iing bang 1/64. Tinh xem bao nhiéu
phén trim HI da bi phan ly & nhiét d6 do. ‘
Dips6: 22% 209
W

3. a) Tinh do phan ly clia ammoniac thanh nitd va hydro & 200°C dudi 4p sudt téng
cong lic cin bang 14 1 atm. va 0,8 atm. Cho bi&t sur bién déi enthalpy tr do chudn ciia phan ing:
]_ of 3 w f:::'
NH; (g) = = Nig) + E H, (g)

AGy, =(43513,6 - 29,706TIgT 15,86 T) J/mol
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b) K&t qua nay cd phir hop véi nguyén 1y Le Chatelier khong? Tai sao?
¢) Cilng bai todn trén nhung Ap sudt ban ddu 12 1 atm., 0,8 aim.
Dapsd:a) aa=73,11%:; a=176,71%

c) a=04,155%; o=06789%
Ty
@. O 930°C hang s6 cin bang cta phan iing:

‘ CO(g) + H,0(g) = COx(g) + Hy(g)
bang 1.
a. Thanh phéin cAn bing s& nhu th€ nao, néu cho 2 mol CO tic dung vdi 3 mol
H,0? {\
b. Thanh phin hén hgp & trang thii ban diu phai 13 bao nhi&@@n duge 20% CO,
va 20% H, (iinh theo mol hodc theo thé tich) & trang théi cin bing?

c. Thanh phin hén hop cin bang c6 khdc di khong, né ién ciu hén hop & cic ap
sudt khac nhau?

Biédp s6: a. Thanh phin hén hop cin bang 0—0
CO: 16%; H,0: 36%;CO;; 24‘:?((}11: 24%

b. O trang thdi ban ddu s6 mol ci

co = 27,64%; Ny, =

1]
Neg = 72,36%; @%,

c. Tir phuong tﬁnl\x
dln K &n

An = 0, nén dp sudt khong anh hudng 16i hing s6 can bing

7. Hﬁng 56 c%ﬂ@ clia phan img:

CO + H,0 = CO, +H,

& 1000K bing mnK trong hén hop chiia 50% CO, 5% H,0, 20% CO, vA 25 m%
theo mol phi sé& xay ra theo chiéu nao? TR rev Ny
é@’ thé diéu ché clo dua trén phan ting sau (phuong phdp Deacon):

h HCl(g) + O, (g) » H,0(v) + Cl(g)
Tinh hang s6 can bang K, cila phan ing nay & 386°C, biét ring & nhiét do ndy va & dp
sudt bang 1 atm. 1 mol HCl twong tdc vdi 0,48 mol O, va cho 0,402 mol Cl,.

bdp s6: K, = 81,132135 atm™

9. Hang s6 cin bing cha phan ing:
CH, (@) + H,(g) = GH, (g)

e e, ey i,
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12 K. O trang thii ban ddu s6 mol cila C,H, 12 a va 56 mol cita H, 13 b. Xéc dinh s6 mol ciia C,H
(duge ky higu bang x) trong hén hgp & trang théi can biing, biét ring dp sudlt tong cong & trang
thii cin bang P *

a+b [(a+b)? abK P
Dipsd: x= + =S .
P i 2 \/ 4 KPP+1

10. Hang s6 cin bang K, ciia phin iing:

H, (g)+ Cl,(g) == 2HCl(g)
c6 thé dugc biéu dién bdi phuong :rinh: : = :

9586 o
IgK =———0441gT + 2,16 d(\
T
Tinh AH 4, , ctia phan iing nay & 723°C. % ;Q

Dép s6: AH,,, , = -42995,33787 cal = -1?9392,4@

O
S

N
_ \xo
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Chuong 4

CAN BANG PHA VA DUNG DICH

4.1 DUNG DICH VA CACH BIEU DIEN NONG PO DUNG DICH
4.1.1 DAI CUONG VE DUNG DICH d@»

Binh nghia vé dung dich: Dung dich la hén hop dong nhdi cdc phi iang irudng
hop riéng biét cdc nguyén nt va cde ion) cia nhidu chdr. Gitta nhimg chi %ﬂé tuong tdc vat
Iy va nhiéu khi c6 ca twong tic hod hoc. Dung dich ndm trung gmn : I@ chdt hod hoc va
hén hop co hoc. That vay, vé mgr hap chdt hod hoe, su tao thanh dungidich, cling nhu tao thanh
hop chét hod hoc, kém theo sy thodt hosc hip thy nhiét. Dung dj¢ v, goi la solvat khi ¢6 thé
dugc coi nhi 12 hop chét hod hoc khong bén gém chit tan” g moi. Néu dung moi 12 nude
thi solvat dugc goi 1a hydrat. Vi du nhu céc crystall 3,C0,.10H,0; CuS0,. 5 H,0;
MgSO,. TH,O. Con vé mdt hén hop co hoe, thi snlva Y hydrat khidc véi hop chii hod hoc 12
& chd chiing khong tuan theo dinh luat thanh phén,k \0hg déi nén chiing giéng hop chit co hoc.

Dung dich duge goi la bdo hoa d6i véi mot chifix in xéc dinh nao dé néu chﬁ't hoa tan dé ndm
cin bang vdi két tha. Diéu nay c6 thé duqcu dién nhu sau:

Phdn chat ch Z2 Phin chdt di hod tan

Néng do can bdng cha chit da hc{wn, con dugc goi la nong dé bao hoa, clia mét ciu tir dugc
hoa tan nao dé dugc goi de @iz D0 hoa tan ciia mot chét phu thudce vag dp sudt p, nhiét do
T. ban chat cia chit tan ng do cia cdc chit-khic. D6i véi chét rin, do hoi tan con phu
thuge vao kich muuch@!h‘ Dung dich c6 nong d6 chit tan nho hon do hoa tan dugc gol la
dung dich clhua bo ’ — 16n hon néng d¢ can bing & diéu kién xdc dinh dugc goi la qud bdo
hoa. Quy luat néién sy phu thudc do hoa tan vao ban chét chdt tan phic tap, nhimg ¢6 mot quy
ludt chung 1a mgt chdt tan trong chdt giong né. Cic dung dich duge chia ra thanh dung dich 1y
tuong, dung dich thyc va dung dich vo ciing lodng. Ta xét dic diém cia nhiing dung dich duoc
phin loai nhu vay.

Dung dich ly tudng 14 nhilng dung dich duge tao thanh tir céic chat giong nhau vé thanh
phin hod hoc va tinh chét vat I§. Vi du nhu dung dich gém céc chét déng vi, cic chat dong phan
hodc gobm céc chét déng ding gdn. Trong dung dich Iy tudng su tuong téc giita cdc chit ciing
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loai va khdc loai 13 nhu nhau. Vi vdy ma tinh chat cta cic dung dich 1y tudng 13 ham thanh
phin cia ud.

Dung dich tie 13 dung dich ma iinh chal cia n6é khong nhimg phy thudc vao thanh
phdn ma cdn vao lyc tiong tac gitia cdc hat.

Dung dich vé ciing lodng 1a dung dich ma khi néng dé phin mol cua dung mﬁi X, tién
t6i | thi ndéng dd cia chat tan né’n tdi O {llm }' 1a ta s danh 1:h1 sO 1 ch{} dung moi, con cic chi

}Ll—}l

Xiiw1 —> 0
Trong nhiéu trudng hop chia dung dich thanh chét tan va dung m@ngxg tinh chit
quy udc, Thuding cdu tir du so v6i cdc cdu tir khdc dirge goi 1a dung moi; n edc cau tir con lai
duwoe goi la céc chét tan. Vi du dung dich rugu hodc axit sunfuric frong nudc va dung dich
' | hiét do T thi néng do,
luong tweng déi cdc cdu tir trong dung dich 1a céc thong sO tr g hii co ban clia dung dich. Ta
xét cdc cich biéu dién néng do co ban nhat. C6 hai litong chdt tan img vai Iuong

dung dich nhdt dinh va lugng chdt tan iing véi lwong di i nhdt dinh.

* Theo cdch tiit nhdf ta xét céc loai ndng do

D

chét tan dwoc tinh bang don vi khoi lugng.nh
cia dung dich, vi du nhu trong 100 grawi dung dich. Néu ky higu:
m; 14 khoi lugng cia ciu s, *

1. Nong do phan tram irong lugng. 1 nr: dige ky hiéu la p; chinh la khéi lugng

Z m, — khéi lucmg{) cdc céu tir trong dung dich thi néng do phdn tram trong lugng

p; duoc tinh theo con
100m,
0 ; Pi= Z m,
Nong do n g dimg trong kjr thudt va I:rung lrm‘:fng h-:;rp ichﬁng biét khdi !uu:mg phén tir

e AT

dung cl;r.:h, nghm Ia

n;
J{i -
Z 1;
Dung ndng do phin mol tién loi khi nghién ciu 1y thuyét dung dich vé mit nhiét dong. Ciing
dé dang thay la: 2. x;= L.

gram ching-lwn trong 100 don vi khoi lugng

e
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m—mnn

3. Nong dé mol ciig edu 1tk i duge ky hiéu 1a c; (hode ding ngodc vieding [ J, vi du nhu
nong do¢ mol cita HCl duoe viét 1a [HCI] J1a s6 mol ciia c&u tir nay trong mot don vi thé tich
dung dich:

5

A2

trong d6 V 14 thé tich cia dung dich va V thudng duge tinh bang lit. Chinh vi vy ma cé thé
dinh nghia n_nﬁ:]g do mol 1a s6 mol chét tan trong 1 lit dung dich. Néng do nay hay duoc diing
trong hod phan tich.

C; =

4. Néng do duong lugng ciia cdu 1i i duge ky hiéu bang N, 1a s6 duong luong, gram ciia
ciu tir nay tmn_g__lwl“ft dung dich. D€ hiéu va tinh dugc néng do duong lugng gralcjﬁéi nim
dwoc khdi niém dirong hiomg gram.
D€ nam dugc khéi niém nay ta xét phan ting gifta xit NaOH voi nfuric H,50,.
Phan tng nay c6 thé xdy ra nhu sau: Qs "
NaOH + H,S0, = NaHSO, + H,0 '
2NaOH + H,50, = Na,SO0, +2H,0 [

Céc phan (g trén cho thiy, trong trudmg hop chung, | # T

chit B. Trong trudng hop:
a) 1 mol NaOH (40 gram) tic dung véi 1 F‘B\%Sﬂ, (98 gram) ,dodén=1

b} I mol NaOH tdc du g%@mnl H,50, (49 gram)nén n=1/2

Qua vi du trén rit ra duoc két céc chdt phan ng véi nhau theo mot lurgmlg tuong
duong nhit dinh, Dé dic trung cho nay ngudi ta dua ra khdi niém duong lwong gram. Khi

xdc dinh duong lugng gram nguﬁgﬂphan biét hai truong hop:
a) Phdn iing trao @: hodc phan ting khong kém theo su thay déi s§ oxy hod nhu:
Phan ing trun@a 230, + NaOH = Na,S0, + 2H,0
H,S0, = NaHSO, + H,0
CH,CO + H,0 = NaOH + CH,COOH
AgNO,; + NaCl = NaNOQO, + AgCl
Puong lugng gram khi d6 duoc tinh nhu sau:
mol

S6 dién tich duong hoidc am trao déj

Duong lugng gram =
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b) Phdn itmg oxy hod — khur.

D¢ khio sét cdc phan iing oxy hod — khit ngudi ta ph4t irién s hod tri thanh khéi niém
s0 oxy hod (hay d6 oxy hod). Khdi niém va cdch tinh s6 oxy hod hay do oxy hoé cé lién quan
dén do am dién. D6 am dién cha mot nguyén tir néi Ién kha nang cha mot nguyén tir hat
electron (xem phdn “Ciu tao chdt™) va nguti ta di xdc dinh duge dd 4m dién clia cdc nguyén tir
cdc nguyén 6. 56 oxy hod clia nguyén 16 trong phéan tir duge tinh theo so dé sau:

¢ Trong phan uir hai nguyén 6 c6 lién k&t ion thi s6 oxy hod clia nguyén t6 bang dién

ol
tich cha ion. Vi du: CaF,

¢ Trong phén tir ¢6 lién két cdng hod tri thi 58 oxy hod clia mét n & tn t6 bang s6 cip

electron dig chung v&i cdc nguyén it bén canh. S6 nay mang:
— déu duong, néu cdp electron diing chung léch vé phia ng% té bén canh,

— d#u Am, néu cap electron léch vé& phia minh. Néu" : nguyén tir lien két c6 do am
dién bang nhau thi cap electron l&éch déu vé hai phia va axy
mot nguyén to duge viét trén ky hiéu cia nguyén tﬁ i d:

-1l ~Ii 0 0 o0
H-0 O ~H N=N
AV (a?
S @ «cha hydro bdng | Hod trj ciia niio bing 3
-1l

H—0O
Nhu ta da biét, trong cic phan u%?ﬁi\y hod — khir thi chét khir Ia chit cho electron, con chil oxy
hoa 1a chat nhin electron. T han 1mg nhu vay ¢6 sy thay doi s6 oxy hod va, khi s6 oxy
hod da dugc xic dinh, thi c@h xdc dinh duge s§ electron trao déi.

Vi du:
=l [ -1 0
Cb H,S + NaCIO = NaCl + S + HO
-1l 3 0 IV ~1l
@O HS + 20, = S0, +HO
phan ting thr nht:

D6i v6i H,S <62 electron trao ddi

P6i vdi NaClO c¢6 2 eleciron trao déi,
con trong phan {ing thif hai:

Déi vai H,S c6 6 electron trao ddi

Pdi voi O, 6 6 electron trao déi

Sau khi da xdc dinh dugc s6 electron trao déi n,, ¢6 thé tinh dugc duong lugng gram ciia
mot chit tham gia vio mét phan ting hod hoc cu thé theo cong thifc sau:
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mol
Duong lugng gram = —
n

irong dé n, 1a s6 ﬂlec[rcm trao d6i. Tir dinh nghia vé nong do duong luong, ta thdy trong thé tich
V lit cia dung dich néng do N [d. 1. g./lit] c6 chita N [d. 1. g.flit] V [lit] = NV duong Twong
gram. Trong phéan tich dinh luong ngudi ta xdc dinh néng do bang phuong phdp chudn dd nhuw
sal. Gia sir cdn xdc dinh néng do N_ ciia moét dung dich nao dé. NEu cho mot thé tich V, cha
dung dich nay tuong tdc vira di v6i thé tich V. 4 clia mot dung dich dimng dé chudn do
Neua g9 thi, & thoi diém twong duong (thoi diém ma hai chat twong tdc v6i nhau véi lugng twong
duong va két thiic phan ting), c6 thé viét: ‘Q'

N 1'\"' = NLM.; .m"'rmulinm

Theo cdch thit hai: lwgng chdi tan déi véi luong dung méi xée dinh.
Quan h¢ & ddy 1a quan hé mol — trong luong va khi dé ngudi ta sir dun \g% df:- duoc goi I

nong do molal. Néng do molal ciia cdu tir i duge biéu dién bang sd ua chat tan i trong
1000 gram hodc 1 kilogram dung méi, nghia 13: Q_

n, 1000 n, 1000

mi=

m, n,M
trong d6 m, 1a khoi lugng ciia dung moi duge tinh b&'{?‘gé n, 1a 56 mol ca phan tir dung
moi, con M, 1a khéi Irgng clia phén tir dung moi. * . T

4.1.2 KHAI NIEM VE FUGAT VA H

Lewis da dua ra phuong phdp hi \Elgc cho phép thi€t lip mai lién hé giiia nhifng tinh
chat ciia khi thic véi nhimg thong s& nhiet dong va béng cdch d6 c6 thé nghién ciu nhiing quy
ludt nhiét dong quan sit duge dﬁ@ n hop khi thuc va dung djch thuc. Theo phuong phdp
nay, hai ham phu trg duoc dua ra inh todn cdc dai lugng nhiét dong la fugat (fugacity) va
hoat do (activity). Ta da blé\\%hﬁn todn phin cia the€ ding 4p dugc xdc dinh bdi biéu thirc:

dG=-8dT + Vdp
0 nhiét do khong dﬂt@ﬂns! thi dG = Vdp
2

Tim AG = jv@ nghia ] phai bi&t su phu thudc thé tich V vao dp suit p va dat ham V(p)

!
dudi ddu tich phan roi 14y tich phan. D6i véi khi [§ twdng, lam nhu vy, ta nhian duoc bi€u thiic:
| Gy =G"+RTInp

2
D61 vdi khi thyc thi, trong trudng hop chung, khong thé tinh duoc tich phan _[Vdp vi khong c6
:

hé thifc téng qudt néu lén moi quan hé téng quat giffa dp suat p va nhiét do T. Vi vay ma nam
1901 Lewis da dua ra ham f phu thuoc va ap sudt dugc goi 1a fugat va dugc ky hiéu 1a f. Néu
thay ham nay vao chd dp sudt trong céc biéu thiic:

10-Hoa Ly NB



Sweu tam boi GV. Nguyén Thanh Tu # Google.com/+DayKémQuyNhon

146 HOA LY — NHIET PONG HOA HOC

|||||||

(G =0G"+RTIlnp vd@ AG=RT lop thi c6 thé ding phuong trinh:
Gy =G"+RT Inf (4. 1)
cho | mol khi thuc.
Cé thé dinh nghia fugat nhu 13 4p sudi md hé cdn phdi c6 dé gay nén tdc dong nhu
déi véi khi 1y tudng tudng. Khi khi thuc tién gdn dén trang thai khi 1y twong thi gid ui f tién gén
dén gid tri p vaa, d6i v6i khi 1y tudng, hai dai lugng nay bang nhau, nghia Ia:

- ( f)
lim | — (4. 2)
P

p— 0

Tir day ta thay thi nguyén cia fugat tring vdi thd nguyén clia Ap sudi
mifc do léch khic cia khi thuc so véi khi 1Y tudng, ngudi ta con dua t
goi 1a hé s6 fugat hoac hé 50 hoat dd va dum: kf hiéu 14 y. Hé s6 fugat A ;

f |

|
T Q
Cic phuong trinh (4. 1) vi (4. 2) 14 co s& dé [In@ﬂt ctia khi. Vi phian phuong trinh
{4.1) theo dp sudt p khi nhiét do khong d6i T = const:

op : 5
i
dﬁngthﬂiiuufii{ J] =¥ chok cﬁﬁ:

op A {Q\
vV
dinf=——dp

0 RT

Tich phén trong gidi han % (;Jc trang thai 1 va 2, ta dugc:

N P @)
OQ fl i R Py 4 ‘
Co it thé tich nhu 14 ham cia dp sudt dugc 13y tir mot phuong trinh trang thdi ndo

do, vidun phuong trinh trang thdi Van der Waals.
Ttmng i nhu tmng trm‘:‘mg hop khi thuc dp sudt p dugc thay hﬁng fugat f, trong tnrﬁmg

......

'HI-\-I—I-“.-_-_ PR

l:m:mg mang tinh chﬁt dung dich thu-:: dum: Xét. Bﬁng ciach dua ra hﬂﬂt dﬁ- co tmh hinh Ihuc nhu
vy da tinh dén SUF tudng tac gila cic phin tir dung moi, hiéu ting hydrat hod, sur hiit tinh dién
gitia cdc ion (trong truong hop dung dich dién ly) v..v..., t6m lai la da tinh dén (&t ca nhimg gi
lam cho dung dich 1y tuong khic dung dich thuc. |

8 Bl gk, i il il
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Vidud. I vé .'Ei]:- dung cdc cong thic ifnh nf}ng do
Hén hop dang s6i (hon hop c6 thianh phén cta pha 1ong va pha hoi tring nhau, nghia Ia

f Sl o S

X = y) clia hé rugu etylic — benzen c6 thanh phdn 13 44,8% mol benzen vi 55.2% mol T,
Tinh thanh phin hén hop nay theo phén tram trong lugng. '

Gidi ik F
Theo dinh nghia vé phén tram mol thi cif trong100 mol t8ng cong ciia dung dich thi
0 44,8 mol CgH, va 55,2 mol GH;OH. Gia sir ta ¢6 ding 100 mol. Véi diéu kién nhir vay ta
tinh khoi lugng ciia dung dich.

Khai lugng mol cha C,H.OH va ciia C.H,: dQ‘
MEEHJI}H = 12}: 2-"‘ 5 + .I.ﬁ"""’ .1 :46

Mc.;.m,=12xﬁ+6=?3 §<\
Khi dé khoi Ivong clia dung dich sé 1a: %
T6x 448 + 46 % 55,2 = 34944 + 25392 = 6@

Néu tinh theo phin tram trong lugng:
— Cho benzen: -~ &
3494 .4 = I{IQ - @
603366 g\:‘%ﬁ
— Cho rugu etylic:
2539, Q):

60336 "

Dip s6: D6i véi 57,9%, d6i vé&i rugu 42,1%

4.2 DUNG DICH LY Tlﬂ&@ VA DUNG DICH THUC
4.2.1 DUNG DICH LY\fUONG VA PINH LUAT RAQULT

Ciing nhu céc Khi')y¢(tdng ma hén hop khi 1a dung dich khi, khi n6i vé dung dich & day
o I_H_‘_\_“-
ta s& chi hicu la ich Iong hoic ran, chu ytu la dung dich I-:mg vi dung dich Iy tuong tin

e liige

theo cdc phuongutzinh don gidn. Dung dich 1y tudng duoc diing lam méc dé nghién ciu dung
dich thuc. Ddi véi -::]ung dich thuc nguwi ta dua ra cdc bién so Jéch kha:‘m 50 voi I}r twdng (hé s6

L — -l—r'\.l.l.l

hoat do) tunng tu nhu fugat ~ bién s06 léch khaic s0 vai khi 1y twong,.

-\__l.-__.__.\_

timg cu tir. Ta s& ding chi 6 1 phm dudi dé ky hiéu dung moi. R3 rang 14, trong trudng hop
chung, 4p sudt p, bi han ché& bdi hai diéu kién gidi han:

~ Khi néng d phdn mol x, — 0thip, - p;, trong d6 p} — 4p sudt hoi ciia chit 1ong
1 nguyén chat;
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C6 thé biéu dién diéu vira trinh bay trén so dé sau:

R T N —

Chat long 1 Dung dich Ong 2
nguyén chit X4 &n chil
Hinh 4. 1 So dé minh hoa dp sudt hoi irén chdt long ngu %&?-v&, irén dung dich.
O

O ép sudt p va nhiét do T da cho, diéu kién can bing lung@qm 12 cdc gid tri the hod cia ciu
tir trong pha long p,,- va pha hoi p; bang nhau, nghia Ia@ 1 . Mot dung dich long duoc goi

la Iy tudng néu thé hod cla mdi cdu tif ¢ @“31@ +RT In x;, trong dé p,i(p, T) khong phu
thuéc thanh phin va chinh la gi& tri cla khi.@% , n61 moét cdch khdc khi i 12 nguyén chit.

!“t‘e’_ "'I'tu +R

trong do p; la dp sudt riéng phdn cd 1. O day cdn nhic lai rang tir chuong hai ta ciing biét
gid tri Ap sudt rieng phin p, cha c ‘ trong cong thiic thé hod ) 1a gid tri twong déi. Khi can

‘ "I' i ]'lﬂ-l +RT In Pis

bing: ( -
| E:,@],(EJ +RTInx = p = p; +RTInp, K

&5 {5

P" _Foi “Foi constant J

RT
O nhiét do da c'%:hm cua l:uéu thiic trén la hing s6 vi p,; chi phu thudc vao nhiét do, con

p”. A w thudc vio dp sudt, nhung khong déng ké va c6 thé bd qua vi & 4p sudt ma cé
thé coi k ly twong thi 4p sudt it anh hudng dén cdc pha ngung tu. Do d6, c6 thé viét:

Pi - k va K, 1a hing 56 & nhigt do da cho,

Trong trudng hop dic biét khi i 1a nguyén chat (x, = 1) thi:
— kl = p::'
p; la dp sudt hoi bio hoa cia i nguyén chit & nhigt d0 T va cuéi cling ta nhan dugc biéu thiic:
lpi=px, | (4. 4)
Biéu thiic (4. 4) vira nhan duoc 1 biéu thifc todn ¢ha ‘dinh luat Raoult. Dinh luit nay dugc pht

biéu nhu sau: ‘“m.ﬁ
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- —

d nhiér dé da cho dp sudt hoi riéng phdn cua moét cdu i { ndo dé trong pha hoi 1y 1é

_._,_l.r!-r'—

Hiidn. voi phénmol ciia- mi n rong p.-'h:l f-::rng

~—

L ¥: Poi khi ngudi ta lﬁm nguu:;i:: lai, nghia la dinh nghia dung dich ly tudng la dung
dich tuén theo dinh luit Raoult va tir dé c6 thé riit ra biéu thic sau;
wl=pr= Hoi *RTInp=p;, +RTInpix= p); +RTInp] + RTInx,
néu viét u'? = }.iii + RT In x;, véi HE,.‘ = p.; +RTinp; thita lai tr& lai cong thic ﬁét cho thé

hod cia cdu tir dung dich.
4.2.2 DUNG DICH LOANG VA DUNG DICH VO CUNG LOANG ,,;-'

C6 thé coi dung dich rit lodng 12 Iy tudng. Ta vin giif chi s& 1 phm tnmE cho

nng - ctia cht tan

khong ding ké so voi nng do clia dung moi, nghia la x, — 1 v x, — 6. L4 thé 14y dung dich

chia Ny, H,, Oy, CO, CH, ... 1am vi du dung dich loai iy va ap m & Bidu thic nhén dugc
viét

déi vai khi 1y tuong cho cdc dung dich vo ciing lodng. Vi du nhu

dung moi, con s6 2 — cho chit tan. D6i véi dung dich vo ciing lodng,

w=p; +RTInx; trong d6 p; = p’ = P& % RT Inp

Nhiét dong hoc khong c6 kha nang chi ra gi6i han ﬁngdﬁ ma vugt qud nd khf:-ng" thé coi
dung dich 1a vo ciing loding dugc nita. DS v6i chit kliesg dién ly thi x, = 0,01 va doi khi thim
chi bang 1. Trong trudng hop cic chét dién lyApu ¢ quan st duge su léch khdc ngay ca doi
véi néng do x, = 107%. "

Khi xét dung dich vo cling lﬂﬁ@g thirc

(A= p +RThnx

chi diing vdi dung méi, vi p =|&j"chi khi x, =1 vi do dé In x;, = 0, nghia 1a p', 12 thé ho4
chudn khi dung moi la ng %’b@nﬁt. Con déi v6i chdt tan, trong cong thic:

O™ p(i#1)=p, +RTInx
™ khﬂng pha @ hod chudn khi cdu tlr i 13 nguyén chit nén, dé phan biét th€ hod
chudn cia chﬂ’t%
chi dp dung cho x; nhod. Khi x; — 1 thi cong thitc khong ding nita va ta khong cé dung dich 1y
tedng do dung dich khi dé trd thinh dam dac.

, ta s& kv hiéu no bﬁng u? . Khdc véi dung dich 1y tudng 13 cong thic trén

Tét ca nhimg diéu vira trinh bay ¢6 thé duogc biéu dién trén hinh 4. 2 Nhu vay 1a the hod
chudn ciia chat tan trong dung dich vo ciing lodng khong nhimg phu thudc vio nhiét do T va 4p
sudt p ma con phu thuoc vio dung moi nén co thé viét:

W=, (T,p) +RT I x,
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Wigon= }L}rﬂ (T, p, dung moén) + RT Inx,

MM A H
p”' i#l
/._,.,-""
=L 0 el 0
- Inx In x, Inx, (i#1)
a) Dung dich 1y nidng b) Dung moéi c) Chdt tan

5
Hinh 4. 2 Sy phu thuéc thé’ hod . ciia @ 1 vdo In x; irong:
a) triong hgp dung dich ly nidng; b) taere hop cho dung moi va
c) tricomg hop chdt tan doi véi a'm[gr“ odng.

C6 thé nghién citu 4p suit hoi cf ‘@ﬁmi dé kiém nghiém dinh luat khi ly tudng. O
nhiéi do khong 1én (p = ) dp suit hoi ng moi trén dung dich 1y tudng tuin theo dinh luat
Raoult, con 4p suit hoi cha chit ta %emgan v6i phin mol clia né trong dung dich, nghia la
tuén theo dinh ludt duge goi la di it Henry nhu sau

| Puiw 1= Ky X, (4. 5)

BDinh luat Henry cﬁ_ﬂé dugc viét & dang khic: ;

‘\;@’ Ki= K'H D : (4. 59

Biéu thie(.5) va biéu thifc (4. 5') 12 biéu thiic todn cila dinh luat Henry, trong d6 hé s¢
Hlé Ky | 1@1{;} bdn chdt dung inéi yachdt tan va duge goi 1a {a_éyg_:-;f{ffnr}’. Puong nhién
1a K'H ='K— - Nhiét dong hoc thuc nghiém khong chimg minh duoc dinh luat Henry. Diéu nay

H
chi ¢6 thé 1am dugc bing c4ch diing mo hinh théng ke gén lién véi cdu tao phan tircia chat.
C6 thé hiéu duge ¥ nghia cla céc dinh luat Raoult va dinh luat Henry qua hinh 4. 3.
Vi du 4. 2 vé dp dung cong thiic (4. 5)

Ap suit hoi bdo hoa ciia phospho trén dung dich Fe — P & 2080K 1a:
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X 0,0023 0,0064 0,0093 0,0100 0,0198
n,10* bar 745 6.79 10,66 11,3] 22.44

St hod tan ctia phospho trong st c6 tan theo dinh Iujt Henry hay khong?
’ Gidi '
Dé kiém tra xem sy hod tan phospho trong st c6 tudn theo dinh ludt Henry hay

khong phai ding biéu thiic todn ciia dinh ludt Henry:
X =Kp,

X,
va kiém tra xem K = ¢ phai la hing s6 hay khong.
]]-.

0,0023 0,0064
K=——"—"=0,0009387.10" 2. K=—————==0,0009425.
245107 6,7910° o0 6'(\

0,0093 H 0,01 H
=0,0008724.10" 4, K= —2 = 8841.10

T 10,6610 1131.1
0.0198 S
K= 410+ =0.0008839.10" Q}}

Trong gidi han sai s6 6 thé coi K i hing s6 nén ¢6 thé néidp sudt hoi bio hoa ciia hoi
phospho trén dung dich Fe - P & 2080K tudn theo dinh luﬂv@

p (mm Hg)4
500 i Q} : f*\
:35! ! T x’f
1 i

400 dinh lugt {42
E.= ‘ T =P xJ

3020 [ 7T~

OOQm / o \

100 / 3 \.\ \
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4.2.3 DUNG DICH THUC BPAM BAC

Trong rit nhi€u trudng hop, & cén bang, dp sudt rieng phdn ctia mét trong cdc ciu 1l
trong pha hoi khong ty 1& v6i phidn mol clia né trong pha 16ng nhu theo phuong trinh Raouli p; =
p; %, nén dung dich khong phai I1a 1y tuéng nita. Trong trudng hop niy thé hod clia ciu 1ir |
trong pha long, néi chung khéng thé dugc xdc dinh bdi hé thic:

= (T,p)+RTInx,
D&i v6i dung dich thuc co thé viét:
1= P 4 RT In a,

Theo dinh nghia a, duge goi 1 hoat do coa cdu i i, hodc chinh xdc , hoat do nhiét
dong, va nd chinh 12 dai lugng lién hé vdi cdc dai luong nhiét dong khic m ch tuong tr nhu
nong do cia cdu tir nay lien hé vdi cdc dai luong nhiét dong khde d6 t ng dich 1y tuong.

Thudmg, thay vao ché hoat do, ngudi ta ding mot dai lugng duge goi W /ié s6 hogt dé dugc ky
hiéu bang y. Hé s6 nay bing ti 56 hoat do chia cho néng do, nh’i@

o T.;"Eﬁ* .:
m; i

H¢ s6 hoat do y hoiic ban thén hoat do a Ek% i¢t dong hoc b6 trg. N6 dac trung cho
do léch khdc giira cdc tinh chdt cia mot cdu tlr o Vi nhm‘.lg tinh chit clia nd néu cdu tir ¢6
trong dung dich Iy twdng. Gid tri ciia hé sg : phu thudc vio cdch biéu dién néng do dung
dich. Mot di€u rit quan trong cén luu v oday 13 chi c6 thé thay thé nong dé bang hoat d¢ trong

nhitng phuong trinh viét cho trang t Pgan bang. Chinh vi vdy ma khong thé thay thé dp suit

trong phuong trinh Clapeyron hﬁ@at ™ mot hing s6, chinh 1a thé hod cha trang théi
chuidn cé duge déi v6i a = ghia nay tuong tu nhu dinh nghia déi véi fugat. Ly mot
trudng hop cu thé nhu cin b dung dich vdi hoi b&o hoa clia nd doi hoi thé hod cha méi céu

tlr, ching han nhu cﬁi\fg{v pha hoi (1] va pha long p,,. phai bang nhau:

’n@?@dnng bac mot c6 thé coi khi Ia khi Iy tuéng va f, = p,
pf = Y +RTInp; pé=p) + RT In peteie

F'.

Ti. m =

= WY+ RTIn = i+ R = !

p,'.f'- Bo =Hg+RTInp—pli— RTInp,"“”"‘-RTIn

p'?:p.f. + In pih =uf'. + RT In a,

gl 4

Cudi ciing nhin duoc:
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p.
a;=— (4. 6)
P;

Dé tinh a, cn biét p, va chon trang thdi chuan. Trang th4i chudn phai duoc chon sao cho
Khi dung dich tr& thanh Iy wéng hodc vé cing lodng thi hoat d6 biang néng do, c6 nghia la:
I. Néu khong ¢6 su khic nhau 16n giia cic I twong tdc gifta cdc phan tlr (cic cau tir

d6ng vai trd nhir nhau) thi trang théi chudn cia méi ciu tit I3 trang thai khi cdu 1 dé 1a nguyen
ch

chdt & cing mét nhiét do T va 4p sudt p, cu thé I P =p;.
2. Neéu 6 thé phan biét dige dung méi va chat tan thi:
- D061 v6i dung moi: O\
N

P .'x._ ﬂ
T b

— P61 véi chit tan: '
D ““"*f‘%

U N\
Aju) = )
“ o O
4.3 CAN BANG PHA VA QUY TAC PHA Glﬂgg\

Trong chuong 2 (xem muc 2. 8) d4 dua ra dinh va khai niém vé ciu tir, Khéi ni&rﬁ
nay dac biét quan trong khi xét quy tic pha nén g-diy'ta xét chi tiéi them vé khai niém nay.
Ngoai nhilg dic diém vé cdu ti ma ta di xét dnobCchdt hod hoc chifa trong hé duge goi la ::a”u
tlr ciia hé néu né c6 thé dn tai riéng biét {igﬁg {iva tich riéng ra duge. Vi du nhu trong dung
dich muéi an trong nuéc ¢6 hai cdu tir [k ‘clorua natri va nuéc H,0. Céc ion natri Na* va ion
clo CI" khong thé duge xem 14 ciu t.; e vi khong thé téch riéng ching tir dung dich ra dugc
va do do chiing khong t6n tai riéqg'?i dugc. Trong cic hé di thé, trong d6 cdc cdu tir khéng

(4. 8)

tiwong tac hod hoc véi nhau ﬂ:ﬁ?& sit chuyén pha, nghia 12 c6 su thay d6i pha clia cdc ciu tir
thi edn bdng trong he nhi dioe goi la can bang pha. Xét he gébm ¢ pha & trang thdi can
bang. Néu méi pha déu(ch cdu tir c6 trong hé va tit ci c6 ¢ pha nén 6ng s6 bién s6 nong

dola ¢ C. Ngniiﬂﬁ chung, cén phai xét thém n bién s6 cudmg tinh khic nifa, thuting 1a hai
bién s6: nhigt do T, ap sudt p va gi tri cia nhimg bién s6 nay phai nhu nhau trong tit ca cdc pha
0 trang théi can bing pha. Tdng s6 bién s& bing ¢ C + n. Cin biing pha ddi hoi cic thong sd

cuong tinh nhu 12 nhiét do T, 4p sudt p va the€ hod ; ciia timg cdu ¥ trong t4t ca céc pha phai
nhu nhau. N&u ky hiéu chi du phia trén thudc vé pha, con chi ddu phia dusi thudc vé cdu tir thi
khi ¢ pha & can béng ta ¢6 diéu kién can bang cha hé 6 14p bt ki nhu sau:

X BT s =T* Khong c6 su truyén nhiét, cin bang nhiét

P! =R s, =p* Cin bing co & noi ti€p gidp giira cdc pha
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T TN TR = ut
....................................................... Cén bang hod
T T =pl

DI véi méi cu oy s6 phuong trinh lién quan dén the hod bing (¢ - l] , nhung lai c6 C

céu tir nén s6 phuong itrinh lién quan dén thé hod tdng cong la C [:1: ~ i) Néuw ndng do duge

ding [4 néng do phdn mol x; thi d6i véi mébi pha, gia sir pha k nic d6, ¢6 mot phuong trinh
dang;

C C
th + 115; e S xt‘k — Zx‘lk g z ':EI'H o j d‘{\ﬂ
- - Z-":u-.
i=I

Tatca c6 ¢ pha néncé ¢ phuong trinh loai trén. Tong k&t lai ta tf ﬁ s6 bién s6 va tdng

* phuong trinh. V€& mat
iodn h{pc,.n_fﬁ'u 14y 58 cdc bién so dic trung cho trang thdi cir hATTE clia hé trir di 56 phuong trinh
thiét 1ap mdi lién heé giiia cdc bi€n s6 thi hiéu nhan duge-chinh 12 s6 nhitng bi€n s6 c6 thé nhan
nhiing gid tri wy tién khi gidi nhiing phuong trinh.Higu iy duge ky hieu 1a f va dugc goi 13 d6
bién doi ciia hé hodic con dugc goi 1a dé (bdc) neda c¢ha he. Nhu vay l1a:

f=Cé+n- [C(o =C¢ +n—C9 +C—¢

s& phuong trinh. Ca thay dng cong ¢6 C¢ +n bién s6 va C

X{f-l‘:—aﬁ +n (4.9)
Biéu thiic (4. 9) chinh Ia h@;ﬁé'}ﬁa quy téc pha Gibbs. L& ra phii goi n6 1a dinh
lugt cén bang pha vi dudi c tic ngudi ta thudmg hiéu quy luat gdn diing hodc riéng.
Nhung & diy su phu thude lgﬁghﬁ gifta cdc thong s6 14 hoan todn chinh xdc va tdng quét. Khi
thi€t 1ap quy tic pha %ﬁﬁ_i&’t la tét ca cdc ciu tlr déu cd trong tdt ci cde pha. Nhumg khong
c6 diéu kién nay thi é%ﬁ'c léhha vin diing vi s6 phuong trinh va s& thong s6 ciing gidm di mot.
Quy tic pha chi cho trudng hop chat tr do di chuyén tir phdn nay qua phin khdc. Thudng
xét hé chiu g cia hai y€u 16 cudmg do la nhiét do va dp sudt. Khi dé quy tc pha duge
Vi€t nhur sa@
f=C— +2 | | (4.9
Nhu vay 1a quy tac pha cho phép tién dodn:
— Lugng pha t6i da c¢6 thé c6 & trang théi can bing, nghia I c6 thé c6 hé véi s6 pha nhu
vay dugc hay khong.

P
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— Phai cho trudc bao nhiéu bién s6 v bao nhiéu phuong trinh thiei lap méi lién hé giifa
ching d€ c6 thé tinh dugc t4t ci cdc thong s6 dic trung cho trang thii can bing clia hé nhét dinh
& diéu kién nhét dinh.

Vi du:

Trong hé:
Caﬂﬂlﬁzﬂal:} + CO,

xdy ra phdn ting hod hoc nén & day c6 thém mﬁt phuong trinh lien hé gilfa cdc chat. He ¢6 3
chat, 3 pha nén khi sir dung quy téc pha thi tmng I:u&u thiic (4. 9°) phai uir di mot phuong trinh,

ViC=3~]=2 13 ¢6 hai cdu 1 - -
nghia ai ciu | i85 =g q\
f=3-3-1+2=1 J. & ¢ G Wy

L

Nhur viy Ia khi phan ly, cin bing dugc xdc dinh bang mot thong s6, cu t - s
nhén gid tri wy ¥ thi, khi p xdc dinh thi chi ¢6 mot gid i Pco, duy nhat

du nhu p =1 atm. thi t = 880°C va nhiét do nay duoc goi 13 nhiér do | plidji
chél nao dé thudng dugc 1i€n hanh & dp sudt khi quyén, vi viy, bi @ do phian huy la diéu rit

quan rong.
Dua trén quy tic pha ngudi ta c6 thé phén loai h @'é;ﬁ" hi¢u khdc nhau nhu sau:

a) Dua trén s6 pha ton tai. Néu ¢ =/ thl Jc goi & hé mdt pha, ¢ = 2 — hé hai
pha, & =3 —hé ba phav..v..,

b) Theo s& ciu tir cua hé. NEu g duge goi 14 hé mgt cdu tw, C = 2 — hé hai cdu
tw, C =3 —hé ba cdu tirv.v...

c) Theo s6 bac tu do. T hop f = 0 1a trudng hop c6 bao nhiéu bién s6 thi c6 bay
nhiéu phuwong trinh, nén chi 10t 101 giai duy nhét cho hé phuong trinh nhu vay. Do dé, cén
bang chi wong thich véi g "'r > bi€n s6 nhdt dinh va hé duge goi 1a khdng bién hodc bdt bién.
Vi du nhu, d6i v6i chii 'j-' -::haTL néu ta mudn c6 sy can bing giita ba pha: rin, 1ong va khi
thi ta khong thé tuyy th }rd61 bt ky thﬁng s6 nao khi muén giff nguyén ba pha. Khi f = [ hé
dugc goi 12 m r.::ic nhdt bién, f = 2 - hé hai bién hoic nhi bién v..v...

Dya trén quy tic pha ciing c6 thé tinh dugc s6 pha t6i da c6 thé c6 trong céc trudng
hop khac nhau. Vi du nhu d&i véi hé mot cdu tir khi

f=0=C- ¢ +2s6phatSida ¢ =3,hé haicdutlr— ¢ =4 v.v...

L

4.4 CAN BANG PHA TRONG HE MOT CAU TU (HOAC CAN BANG
VAT LY CUA MOT CHAT NGUYEN CHAT)

Trong cdc hé mot ciu tir cdc pha riéng biét déu 1a ciing mo6t chét & céc trang thdi tip
hop khdc nhau: ran, léng hodic khi. Néu & trang théi rin, hé c6 thé én tai & dang thii hinh khéc

f}qﬁ {
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nhau thi méi dang thi hinh 13 mot pha. Vi du nhu, & fp sudt cao, nudc tao thanh sdu dang thi
hinh nu6c dd, lwu huynh keét tinh & céc dang thi hinh tryc thoi va mot xién v..v... Mdi dang
thit hinh bén trong khoang dp suat va nhi¢t do xdc dinh. Cé hai phuong phdp khio sdt cic he
nhiét dong:

a) Pluong phdp gidi tich. Theo phuong phdp nay ngudi ta c6 ging thiét 14p cdc phuong
trinh trang thdi cdc pha khdc nhau cho hé mét ciing nhu nhiéu cfu tir, Phuong phdp nay rit han
ch€ va, trir trudng hop phuong trinh Clausius — Clapeyron dugc thiét lap khi cu tir pha khi tuan
theo dinh luat cia khi 1y tudng, néi chung ngudi ta phai chon phuong trinh khd phic tap dé mo
ta trang thdi khi thuc va chai iong thire.

b) Phuong phap thit hai [a phuong phdp gidn dé trang thdi. Theo p ‘g\i}hﬁp nay thi
nguoi ta do tryc ti€p cdc dai luong dic trung cho hé nhu nhiét do T, 4p , nong do ¢ hodc
the tich cdc cdu tr cila hé & can bing r6i, ding nhiing s6 lieu thu ddgE %4 ian do
trang thdi d€ biéu dién bing dé thi néu lén su phu thugc gilta nhing’ st tri cic bién s6 xdc dinh
trang thi cha h¢ va tim ra cdc quy luat chung. :

Ta 14n lugt xét hai phuong phip cho hé mot ciu ﬁfg\

4.4.1 PHUONG TRINH CLAPEYRON (1 14‘@

anh mot pha duge xdc dinh bang cich
hai pha o va 3 cia mot chit A nao d6 can

Trang thii cia mot mol chét nguyén c
cho trudc hai bi€n so trang thai nhiét dé va 4 %é
bang thuin nghjch véi nhau:

© 2 AP

& nhiét do T va 4p sudt p nhét dinhthi*G™ = G, Diéu kién cin bang pha I thé hod cla cfu tir

& cdc pha phai bing nhau. Nhl@\ la mot cdu tir nén thé hod déng nhat v6i the ding -eip mol
G =p® = uP= P, Lay vi hai v€ cia ding thic trén, déng thoi lvu § :

dG® = du® % p — SUdT va dG® = du® = V®dp — S® 4T cho két qua:
O ”{ﬂ!] o W“}dp - 59T = V{ﬂ’dp s S‘de iy du‘ﬁ"
O n [S”’} _S{u]]dT=[V{ﬂl -V““]dp
@ dp S®-§®
ar v _y@

O nhiet do T va dp sudit p khong déi qua trinh chuyén chit tir pha o sang pha 3 1a quéd
trinh thudn nghich, nén:

oP _ge_ iﬁlh:!i

T
trong d6 L 1a nhiét bién d6i pha hodc nhiét chuyén pha. N6 chinh 13 lun‘ng nhiét (thodt ra hoic

hép thu) khi chat chuyén tir pha o sang pha B. Néu ky hieu V® — V@ = AV thi ¢6 thé it ra duoc
phuong trinh chinh x4c nhu sau:

*

|II.II"-. .-11|_"r‘| P, F
e

il el B
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AUy ——

o {
| dp L |

%l- dT ~ TAV
Phuong trinh (4. 10) dugc goi i phitong .n;I%J.Il.'!-_Cfﬂpf}’f'ﬂHg trong do6 L 1a nhiét chuyép
pha mol nhu trong cdc qué trinh bay hoi, ngimg ty, thang hoa, néng chay, két tinh, bién ddi dang
thit hinh, cdn AV 13 bién thién thé tich mol trong mot qua trinh nhw vay. C6 thé quy 3t ca chc
dai lugng trong phwong trinh (4. 10) cho mot don vi khéi lugng chai, vi du nhu cho | gram,
ching han. Khi dé thay vio ché L 1a nhiét chuyén pharieng c6 thé dwoc ky hiéu bing / v

(4. 10)

! =% , con thé tich duge dimng phai 13 thé tich riéng.

4.4.2 AP DUNG PHUONG TRINH CLAPEYRON CHO CAC Tﬁﬂfﬁﬁm}
CHUYEN PHA KHAC NHAU VA PHUONG TRINH 0
CLAUSIUS-CLAPEYRON %

a) Hé rdn - Iong va qud trinh nong chdy (két tink) \:} |

S0 vdi qud trinh ngung tu vi hod hoi thi bign thién thé i ng.qua trinh néng chay
hodc k&t tinh nhd hon nhiéu. Do d6 ta c6 thé ket Iuan rin 3t dO néng chdy hoac két tinh
it nhay bén doi véi dp sudt bén.ngoai. D& cu thé ta it{@fmh nong chay. Néu viét phuong

trinh Clapé}'rﬂn & dang:

dT  T(V,6V.)

NS
thi 6 thé biét duge anh hudng cha ap s_uﬁ’ﬁéhietqg néng chay T, , néu biét nhiét néng chay
mol Ly, , thé tich mol V, & trang thai trang thdi long Vy tuong tmg. Qud trinh néng chay

hdu hét cdc chat déu kém theo tﬁn@ﬁ:h clia chiing, c6 ngha 13 Vy— V, > 0. Khi d6, vi tat c&

dp
chay tang khi 4p suit lﬁ%mﬂ lai, d6i v6i mot s6 chit mi su néng chdy kém theo gidm thé
tich nhy nuée rin b@, a), bismut Bi, Galli Ga, Germani Ge, mot s& loai gang v..v... thi ting
ap sudt lam giam n et do ndng chay.

dT
cdc dai lugng & vé& phai cﬁ@*ﬂ trinh déu la duong nén — > 0, c6 nghia Ia nhiét d6 néng

b) Hé long — hoi, rdn — hoi va qud trinh hod hoi, thdang hoa (ngung iu)

Gia sir 6 chdt A va ¢6 hai pha ctia chit ndy can bang v6i nhau: rdn véi ﬁcri hodc long
v6i hoi. O dang chung can bing pha trong trudng hop nay c6 thé duge bidu didn nhu sau:

A(s hoiclf) 2= Ag) ,

Nhu thutng 1€ chir g k¥ hiéu pha hoi hodc pha khi. Phuong trinh Clapeyron thiét 13p mdi lién he
gilia nhiét do véi 4p sudt clia pha khi nguyén chdt nim cin bang v6i pha ngunig tu (rdn, 1dng)
nguyén chat. Pha ngung tu duge ky hiéu bing cond. Khi do, phuong trinh nay duoc viét nhu
sau:

A p _ s
o =P e
dr
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dp L L
dT TAV ~ V(g)—V(cond.)’

trong d6, d6i véi qua trinh hod hoi va thing hoa thi L 12 nhiét ho4 hoi hoiic thang hoa, cdn AY, o]
nhiét do T va dp sudt p duge x€t nhit dinh nao d6, 12 hiéu giiia the tich mol (hodc thé tich riéng)
ciia pha khi v thé tich ctia pha long (hoac ran). L > 0, thé tich mol ciia hoi luon ludn 16n hon

— e =y

I:E;lé tich mol clla _Eha Iong nén AV > 0. Do do nhiét do hod hoi hodc thang hoa luon luén téng khi

virruii i L. o AL ol T Ty A TR et

ol e T1 WL

agﬂl_ﬂt ang. Then dinh luat Hess, & nhiét do nhit dinh, nhiéi thing hoa AH . » nhiét néng chay

AHq,. vﬁ nhiét hod hoi AH,,,, lién quan véi nhau bai-hé thiic:
ﬂ-Hmm - ﬂﬂm + ﬁH“F

! = o # ' # .
Clausius cho thiy, & nhiét do T xa nhiét do t6i han, v6i sy gan diing kha tot, c & qua the
tich mol chia pha 16ng so véi thé tich ciia khi thi khi d6 phuong trinh Clape ird thanh:

dp L _
aT = IV, \53
Hon nifa, néu (& xa nhiét do t6i han) khi c6 thé duge coi l& tudng, thi, trong phuong

; Bl oo o
trinh trén c6 thé thay V = ? v viét lai phuong trinh nhy sgu?

H@Rﬁ : e

Phuong trinh (4.11) duoc goi la p ‘k trinh Clausius—Clapeyron va ciing dé dang thiy 1a
phuong trinh nay co thé dm;rc coi la g hop riéng cta phuong trinh dﬁng ap Van't Hoff:
dinK AH

dT - RT?
Pé tich phéan phm:mE tri li} cén biét su phu thudc nhiét hod hoi L., (T) hofc thang hoa

L (T) (ma ta s& ky i shung bing L) vao nhiét d¢. Néu rong khodng nhiét d¢ khong lon co

R /T
Dé cu thé, ta xét trudng hop hod hoi. C6 thé 1y tich phan gitta hai gid tri gidi han. Gia
sit p 14 4p sudt hoi cia chit nguyen chét & nhiét 4o T va T, 12 nhiét do soi & 1 atm., khi do:

) T L L 1 1
vap. -!J 2l ==——
jdlnp = J R_T2 " = lnpu=l = R (T_Tlmil.]

Po=l .

— -

Ti s6 b 12 dai lugng khong c6 thit nguyén nén co thé biéu di€n 4p sudt bing mot thif nguyén ty
Po
chon nao dé. Néu trong khoang nhiét do dugc xét, nhiét hod hoi L., khong phu thudc nhiét do

thi:

T .. Tt Tl _.--1 ¥
s R e

TR
T e TP T ;

Tt Lo iy et el " e Sl e o i Pl L

gy L = A S R R T
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——

o —
d

lnp= _L.,a,,. "‘( = +1n ]!i= ——-L”“p' + constant
R hep . PRReliR St

i il

C6 thé vi€i lai cong thic trén f.t::izj.ng f;ﬁng thifc thuc nghiém chifa hai thong s6 va cong
thifc nay cho phép xdc dinh 4p suat hoi bio hoa nhusau:
en?

Inp = A——

OB
Neéu sir gdn ding cla phuong trinh duge it ra 1a t6t thi logarit 4p suit clia chdt nguyén chat

phai I ham tuyén tinh cia nghich dio nhiét do wyét dsi. Do déc clia duding thang Inp =

L

i vap.
f (TJ bing tg &t = — % hoic, néu biéu dién qua logarit thap phan lg p = 8%1 tgo =

L 1 \S

~ 57303 - DO thi néu len sy phy thude In p (hotc Ig p) vao T 0 dangiiFduge dua ra tren

2,303R

hinh 4. 4. O

Dua trén két qua dung dé thi nhu trén o6 thé xéc dinh d@‘hie;t hod hoi I_-,,,P. v nhiét
dd 561 T, tir thue nghiem. L o

)

4.4.3 GIAN PO CAN BANG HOAC GIAN B@@{ CUA NUGC

a) Gidn do trang thdi cia nuée (bﬁ

Phuong phip gian dé dugc sir dung@rﬁfh{m phuong phdp giai tich dé nghién ciuy
cic hé khdc nhau. Trong phuong trinh trang théi clia hé mét cau tlr ¢ ba bién s6: nhi¢t do T, 4p
sudt p, thé tich mol. Hai bat ky trong b{é 56 d6 c6 thé duge coi nhur 1 cic bien s6 doc lap,

O

*

S
O
5l @

>
1

FERC

T

Hinh 4. 4 Sw phu thuéc dp suét hoi bio hod ciia mot chdt nguyén chdt
vao nghich ddo ciia nhiét do.
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cOn bi€n s& thif ba 1a ham cha chiing. Mu6n biéu dién d6 thi néu 1én méi wong quan giifa céc
gid tri T, p v2 V cdn sir dung hé toa do goém ba truc toa do va, nhu thudng 18, hé toa do vudng
géc g véi ba bién s6. Tap hop cde diém nhin dugc tir thue nghiém tao thinh mot 56 bé mit ¢6
miic do phiic tap khdc nhau duge x&p dat xdc dinh trong khong gian. Nhilng gian do nay duocc
goi 14 cdc gian dé thé tich hay nhiing gidn do trang thdi diy di. Ching cho phép theo doi su thay
ddi 14t ca nhimg bién s6 c6 trong phuong trinh trang thdi. Nhung, thudng khong sir dung céc
gian do trang thdi ddy di vi chiing rat cong kénh, 1ap chiing rit t0n cong ma ding cling bat tién.
Vi vay, trén thuc t&€ ngudi ta 1ay hinh chi€u 1én mat phang T- p vi, m6t mat, cdc thong s6 nay
thuting ding dé xdc dinh diu kién tdn tai cha hé, mat khéc, lai d& do va diéu chinh ching. Khi
dé, ta c6 gian dé hai chiéu hoac gian dé phang. Piu tién ta xét trudng hop ian nhat la
truding hgp hé mot ciu tlr va, dé cu thé, xét gian dé phing clia nude. Hé mot @ nén C=1va

quy tac pha duogc viét nhy sau: E\Q/«][ &, q“\ 4

f=C~-¢p +2=1-¢0+2 = 3-¢ \%
ﬂﬂ?lq P I_-* - o= \hh

o

0,0100°C
Nhiétdo t*C  —

@ Hinh 4. 5 Gidn dé phdng trang thdi ciia nidc.

Vido bi€n d6i hoic s6 bic tr do f khong thé 13 am nén s6 pha & can bing khong thé
I6n hon 3. Hinh 4. 5 biéu dién c6 tinh so dé (cé nghia la v& khong theo ty 1¢) gian d6 pha ciia
nudc trong ving dp sudt khong 16n. Mdi diém mit phing cha gian dé biéu dién diéu kién (t6
hgp nhiét do va dp sudt) mé trong d6 hé tdn tai. Bing cich dé miit phing duoc chia thinh mot
s6 viing. Mbi viing bao gém t6 hop cdc gid tri p va T cé thé co tmg vdi sir tén tai can bang mot
pha xdc dinh vi cdc di€ém nidm trong méi viing biéu dién hé mot pha. VingVv tng véi diéu kién
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- o

i6n tai can bing pha hoi (khi), vitng L — pha long va vilng S — pha rin. Hai vitng ké nhau duoc
chia cit boi dudng gidi han. Budng cong OC biéu dién dp sufit hai bio hoa 1 cha nude 1ong nhu 13

—_———r—

ham cla nhiét do, duding cong OA — ap sudt hoi bdo hoa clia nude rin (bing, dd) nhu Ja ham

cia nhiét do va duong cong OB cho th&y su phu thudc nhiét do dong dac cia nude rin vio ap
sudt bén ngoai. Nhu viy, cic duting cong chia gidn dé thinh ba viing ting vdi cic irang thdi tap
hop cila nude: hoi, 16ng vi rin. Ban than cdc dubng cong ting voi (irang thal cén bang giifa hai
pha twong ing: long — hoi (dudng cong OC), nudc ran (bang) — hoi (dudng nude rén (bang) -
nude long (dutng cong OB). Dudmg dit quing OD néi ti€p duomg CO 1a dudng nudc long qua
lanh can bang véi hoi. N6 xde dinh dp sudt hoi bao hoa trén nude qud lanh (trang thai gia bén).
Trang thdi nay khong bén va nude qua lanh luon Tuén ¢6 dp suit hoi (va ning ltrcq’ﬁhibbs} 16n

hon dp sudt clia nude rén & ciing nhiét do.
Ba dutng cong cét nhau tai didm O dugc goi 1 diém ba, E}i&”m@ trung cho cin

bing déng thoi giita ba pha: hoi, long va ran. Toa dé cia diém ba xépa% cac diéu kién nhiét
do va dp sudt ma & dé ba pha ciing tén tai & trang théi cin bing. )

b) Ap dung qu y tdc pha cho cdc trang thdi Ikhdc

— Trang thdi mét pha c6 hai béc tu do (hé nhi bié WAl — 1 +2=2. Trong trudmg hop
1Ay, trong mOt gi6i han nhdt dinh, c6 the thay ddi mateadh doc 1ap ca nhiet do fin p sus ma
khong gay né}i-ﬂﬁr ctr thay déi nio cﬁég_ﬂf, . “ ban chit pha. Vi du nhu-',_ Eﬂ*ij:; sufi da
cho, c6 thé thay déi nhiét do ciia nude long o %x wn xdc dinh ma khong 1am xudt hién pha
moi. Nhung né€u dun néng nuée vuot qua m ' i;z_m nhiét do nhdt dinh thi né chuyén thanh
hoi hodc lam lanh nuéc qua midc thi né ng. Tuong t, & nhi¢t do c6 dinh, ¢6 thé thay déi
ap sudt trong gidi han nhat dinh ma kAdhe Bim xuii hién pha méi. Nhung, néu & nhiét do do,
gidm dp sudl t6i 4p sudt hoi bio ho a0 thanh pha hoi va néu cif tiép tuc giam p sudt thi toin
bo nudc bdc hoi hét. Trong gisi @9 xdc dinh c6 the thay d6i nhiét do va dp sust doc lap déi véi
nhau. D dang it ra két | a@yhg lr doi voi nude ran nguyén chét va hoi nude,

— Trang thai %m ctia nude. Nhu ta da thdy, dugc biéu dién bing cic dudng cong

phin chia gian dé @ cdc vimg tuong tng. Trong truong hop nay s6 bicirdof=1-2+42 =
| giam t6i | > Ma hé nhat bién. Diéu nay c6 nghia la chi ¢6 thé thay déi tuy tién trong mot
810i han xic dinh hoac nhiét o hose 4p suat ma khong Iam thay d6i s6 pha hodc bin chif (loai)
pha va s thay dSi mot wong ec thong 56 kéo theo su thay déi tuong iing thong 56 khc. Vi du
nhu c6 thé thay déi nhiét do ciia nude long cin bang véi hoi bdo hod ciia né, nhung dé giif trang
thdi can bang, ¢in phai dé cho dp sudt c6 thé thay ddi mot dai lugng tuong tng. Khi nhiét do
giam, mot phin hoi ngumg tu va ap sudt gidm, con néu nhiét do ting mot phdn nude béc hoi va
ap sudlt hoi tang. Tit cd cdc lap luan vir néu déu diing doi véi hé hai pha gdm nudc ran (d4) va
hoi O trang thdi can bang. Cin bing trong hé hai pha nudc long — nude rin dugc mé ta bang
dudng cong OB. Duong cong nay cho biét sur phy thudce nhiét do dong dac clia nudc vao dp suit.

11-Héa Ly NP
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Cén phai nhiic lai ring ddi vai nude, khdc véi da s6 cde hop chét khdc, su ting dp sudt trong mot
gidi han nhat dinh, kéo theo sy gidm nhiét do dong dic. Diéu nay dugc giai thich 1a ty khéi cia
nudc rin nhd hon ty khéi cla nude long vi theo nguyén 1y chuyén dich cin bang Le Chatelier
tang 4p sudt bao gio ciing thuan loi cho sy 16n tai pha c6 thé tich nho hon, ¢é nghia 1a cho pha cé
ty khéi 16n hon.

4.4.4 GIAN PO TRANG THAI CUA LU U HUYNH

Ta da xét gian d6 trang thdi cha nude. Nhung da 56 gian dé trang thdi cia hé mot ciu
ilr, frong d6 ké cd gian do trang thdi clha nude & ving dp sudt cao, déu phifc tap hon. nguyén
nhéan 1a ¢6 hién tuong da hinh vén nhiéu chat ¢6. Ta xét hién tuong nay mot cach/Chi tiét.

'th tinh thé hodc

img tinh chat vai Iy
i & hai dang tho hinh:

tha hinh 12 hién tuong gan véi kha nang cua chat tén tai ¢ dan
dang thit hinh khic nhau. Mdi mot trong nhiing bién thé clia mot chii
nhit dinh. Moi ngudi déu biét 12 don chit luu huynh cé thé u;;a
I

monoclinic (hodc mot xién) va rhombic (hodc truc thoi), n nén nghi rang xdc sudt
ton tai hai dang thii hinh nay 1a nhu nhau. Xéc sudt tao tha g this hinh nay hoac dang thi
hinh khdc phu thuéc vao diéu kién ton tai ciia chét va tro éu trudng hop doé la diéu kién 1am

&

ngudi.

Gia sir mot chat ndo dé ¢6 hai dang thii

hoi bao hoa cua méi mét trong cdc dang thi | L do th
" Trén gian d6 duoc duara trén @ 6 duding cong ab mo ta su thay déi dp sudt hoi

bdo hod ciia dang thi hinh o theo nln{:)ﬁo noéi cach khac, do la dudng cong can bing giifa trang

thdi ran va trang théi hoi. @
1O
Ap sudt @ 4

C?O

O e e ———

L Lt tg

fais,

Nhiét do, “C —

Tus.

Hinh 4. 6 Gidn do cdn bang hoi == rdn khi c6 cdc dang thit hinh tinh thé khdc nhau.
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Dai véi duding cong cd ciing vay. N6 mo ta su thay déi dp suit hoi bo hoa ciia dang thi)
hinh (. Tir gidn d6 ciling thdy dugc 1a & nhiét do 1, thap hon nhiét do 1, nio d6 4p sudt hoi clia
dang thit hinh P 16n hon dp sudt hoi cila dang thil hinh o, nghia 13 dang thii hinh B s& kém bén
hon dang thi hinh o va do dé, chit sé chuyén tirdang thi hinh [ sang dang thiv hinh o v

c6 thé bidu dién ngan gon su chuyén nay nhu sau B — o

Co6 thé hinh dung su chuyén nhu vay nhu 13 si bdc hoi darnig thiy hinh [ ¢6 dp suit hoi
cao va ngung tu hoi trén cic hat dang thii hinh a 6 4p sudt hoi bio hoa thap. Nhiét do cang
tang thi su khac biét vé dp sudt hoi biio hoa ctia cdc dang thi hinh o va B cing nhd va & nhiét
do t, nhét dinh dp sudi hoi bio hoa cla ching trd thanh biang nhau nén hai dudn | dudng
cong cat nhau tai diém O ting véi nhiét .df‘} t, d6. Tai diém niy xdc suél tdn tai hai ﬁu hinh
la nhu nhau, vi vay ma diém O 1a diém chuyén tuong hé giiia hai dang thi hi i chuyén nay
dugc biéu dién ngin gon o0 == p. @

Khi nhiét dé tiép tuc ting, Ap suit hoi bido hoi cha dang th n@\%ﬁ thanh ldn hon cia
dang thit hinh [ nén & nhiét do t > t,, vi du nhu nhiét do t, dang th ot tré thanh khong bén.
Nhung cén luu § 1a dang thi hinh khong bén c6 thé tén tai iﬂ néu gan nd khong co dang thi
hinh bén hon va dang thi) hinh bén nay dong vai tro "ma @inh“. Nhu vay I & trang thdi rin,

&(duti/nhigt o t, dang thit hinh c bén, cdn & nhiet do Egulioh 1, — { bén.

Pudng cong bd biéu dién su phu thud '%s it hoi bdo hoa trén 10ng vao nhiét dg,
vi vy di€m b ting v6i nhiét d6 néng chay ciia dang thi hinh o (nhiét do nay duoc ky hiéu bﬁﬂ'g"-'

\
L}, » €ON di€m d —nhiét do néng chay c\,!:i dang thi hinh 3.

Nhitng chat ma trén gian d thdi c6 diém chuyén tir dang thix hinh nay sang dang
thit hinh khdc duogc goi la nhﬁn@m hé bién. Luu huynh S, sit Fe, thiéc Sn, titan Ti, nitrat
amoni v..v... 1a nhitng vi duy&hiing chat logi nay.

Trong khi dé dai
quan st dugc su ¢
tinh chit nhur v
dugc goi la nhimg c/dr don bién. Gian dé can bing hoi — rin cla nhiing chat loai nhu vay duoc
duaratrén hinh 4. 7. Dudng cong ab trén giin dé biéu dién sir phu thudc vao nhiét do cha dp
sudt hoi cha dang thit hinh o va duding cd - ciia dang thit hinh [ d6i v&i mot chit don bién. Tir
gidn d6 ta thdy cdc dudng cong dé cit nhau tai diém tng véi nhiét do cao hon nhiét do néng
chay cia chat, khi chdt mat di hoan toan cdc diu hiéu cta trang thdi tinh thé, Nhu vay 1a cdc

sO 16n cdc chat khong t6n tai nhiét dé va dp sudt ma tai d6 co thé
r dang thir hinh tinh thé nay sang dang thii hinh khéc. Nhimg chat ¢6
carbonat canxi CaCO,, phospho P, carbon C, sunfua thuy ngan HgS v..v...

chat don bi€n chi ¢6 mot diém do chuyén cic dang thit hinh tén tai trén thuc t&€. O it ci céc
nhi¢t do thip hon nhiét do néng chiy dang thir hinh o bén, con dang thu hinh  khéng cé
khoang nhiét do ma tai d6 no t6n tai bén.
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0O
P

Ap sudt I
,T.

]
—
-
—I.'I-'F-

P

== [

Nhiét do, ° C

Hinh 4. 7 Gidn dé cén bdng hoi z= rdn Hu%ﬂtﬁ? don bién cd cdc dang thi hinh tinh thé

at.
ot chit nio dé mi cé mot s6 dang thii hinh

Nhu mot quy ludt, & thoi diém gao, Har
hih mh kém bén hon réi sau d6 méi tao thanh cdc dang

tinh thé thi ddu tién tao thanh cdc dang

Sau khi da xét gian d @th&ii cua nudc, hé mot cdu tir & ving ap sudt khong 16n va
khao sat hién tuong da hi ang hiéu dugc gidn dé trang théi cta luu huynh, he mot cdu i,
trong d6 ¢6 su bién ddj.da hinh. Gian dé trong trudng hgp nay (xem hinh 4. 8) cho thiy quan hé
tuong héd gitra pha gva pha hoi cha luu huynh mot xién va truc thoi. Cic dudng cong trén

nhiét do.
Putng cong AC — cdn bing hoi trén luu huynh moét xién.
Duong cong CF — su phu thudc p suit cita luu huynh 16ng vao nhiét do.
DPubdng cong AB — anh hudng ciia 4p suit t6i nhiét do chuyén dang thit hinh:

Sln_l:ilmi ﬁ . Sm(ll xitn
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Budng cong CB — thay d6i nhiét 4o néng chay ciia luu huymh mot xién phu thuoc vao dp

sudt. Pudng cong BE - thay déi nhiét do néng chiy cia Iy huynh truc thoi

phu thude vio 4p
SUAL

Lu v huynh truc thoi
T (hodc Iru huynh rhombic)

,,,,,,,,,,,,, | ‘6\ oi
g\% Nhietdo, ¢

i cua o huynh.

Hinh 4. 8 Gidn do @

C6 thé dua luu huynh 16ng tdi I;r‘*:)g(ﬂlﬁi qud lanh & nhiét do thdp hon nhiét do nong
chay, con luu huynh truc thoi — trang i Gua néng & nhiét d cao hon nhiét do bién déi thanh
lru huynh mot xién. Vi vay cdc ﬁi@ cong DA, CF va BE c6 thé duoc kéo daj ti€p vao mién
bén (mién nim trong ABC) clia ltw'huynh mot xien. Y nghia vat 1y ciia viéc noi ti€p cdc dudmg
dé nhur sau. \ |

AH — duting 3 oi trén luu huynh quéd néng.

CH -~ dug @ng dp sudt hoi trén luu huynh 16ng qué lanh.

BH — cong nong chay cia luu huynh tryc thoi qué néng.

Céc diém ba trén gidn d6 ting v6i can bing bat bién (do tr do f = 1) nhu sau:

A(95,6"C) ~ lwu huynh truc thoik 2 lwu huynh mot xiéen = hoi

B (151,3" C, 1288 atm) — luu huynh tryc thoi € luu huynh mot xién = luu
huynh long
C(119.3°C) ~lwu huynh mot xien == hm huynh long == hoi

H (112,8"C) —lwu huynh tryc thoi qui néng == luu huynh long qué lanh === hoi
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s

4.5 HE HAI CAU T GOM HAI PHA LONG VA RAN

[Khal quat. Trong phuong trinh trang thai hé hai cdu iy s§ bién s6 bing 4: nhiét do t,
dp sudt p, va ndng do clia cde cdu tlr x, va x, (hoic ¢, vi c,). Nhung trong hai bién s6 x, va x, chi
¢6 mot bi€n s6 doc 1ap do giita ching c6 mot phuong trinh lién hé x, + x, = 1. Dung ba bién s&
doc 1ap t, p va x, (hodc x;) ¢6 thé xay dung dugc gidn do trang thdi trong khong gian cia hé hai
cdu tr vt cAc truc toa fiﬁ L pvax nhu dugc dua ra trén hinh 4. 9 cho trutmg hop hai ciu

-

khong tao thanh hop chéi hod "hoc.

4.5.1 HE KHONG TAO THANH HOP CHAT HOA HQC Q

@) Gian dé pha

Gidn d6 phiang céin bang long ran hé hai ciu tir khong tao lh%;rp chat hod hoc bén
¢6 dang nhu trén hinh 4. 10. Trén gian d6 hinh 4. 10 t, va t, li cdc diéanéng chiy ciia cdc chit
A va B nguyén chit. Trudng hop dugc biéu dién trén dé thi 1a p hai cdu tr tao thanh
dung dich long nhung khong tao thanh dung dich ran. f thé, 1a xét he Cd — Bi (cadmi
—bismut). D61 vo1 hé nay: -

th =i =321°C; I = 144*&%% =ty = 271°C

Hinh 4. 9 Gidn d6 khéng gian trang thdi ciia hé hai cdu tit c6 mér diém eutecti va
khéng tao thanh dung dich rdn. '
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Cdc dutmg cong trén hinh 4. 10 duge goi 1a cic didng long. Diém E diém cic dudng
long giao nhau duoc goi 1a ci’zem eufm:;; Cic diém wén gidn dé 1a cic r::i"wm hé. Céc diém
nam trén hai duding cong I vimg I:uéu dién pha long, dung dich 1ong ciia hai cdu . Pudng cong
ta E 12 dudmg cong biéu dién trang thdi ma & dé cic tinh thé cha cdu tir A bit diu k&t tinh tir pha
1-:r11g$ con E 1, la dudng cong ting véi cic trang théi, trong dé tinh thé rin cia ciu i B bit diu
ket tinh tiY pha long. Ving t6 nhat phia bén trdi 12 viing biéu dién cdc he, trong dé ¢6 SU CAn
bang gita pha long va pha rin A, con viing 16 dam phia bén phii — can bing giita pha 1ong va
pha ran B. Viing duéi cdc ving to dam I3 ving biéu dién hén hop cdc tinh thé ciia A va B. Khi
lam ngudi, dung dich léng vi du nhu duge biéu dién bing diém a nam trong ving long v & EE'_EF
lrﬂﬁlﬁlg thing dimg ké tir diém eutecti E thi diém dé chay theo dudng thing tir trén
xudng dui va, khi tiép xiic voi duimg cong t, E, chit A bt ddu ket tinh va nhiginh thé diu
tién cua chat A bt déu xuim ha nhiét do thi hé gém hai phax ¥ & va dung dich
long. Diém biéu dién pha long chay theo dubng t, E vé phia diém eutect&iém biéu dién

tdi t; thi tinh thé B
&1 thanh phan pha long
ich co thanh phdn nidm & phia
iém b thi khi ha nhiét do, diém
duéi va khi diém hé roi vio diém

pha ran - theo duémg thang ding t, A tir rén xuéng dudi. Khi nhiét
bit diu keét tinh va tir nhiét dO niy ca hai tinh thé A va B ciing P@

khong do6i. b;ing _ﬂ]__phﬁn dung dich eutecti. Tuong tu, khi du c
bén phai cia diém eutecti, gmﬁh_&;d_hum biéu diénba
hé ciing dich chuyén theo dudng thing dimg tir tré

nam trén dudng cong t; t, thi tinh thé B bt ddu ket u;% N...

e
\x
ey

£ Long (p = const)
b

i *1 ST s Rl ='_::-:,._ Iy Pt d
A W @Q anh phan 74 B

Hinh 4. 10 Gian dZ%‘ng thdi cdn bdang long—rdn hé hai cdu i khéng tao thanh
hop chdt hod hpc.
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— T e eer—

b) Ap dung guy tdc pha

~ Hé mdt pha duge bidudin  bing cdc diém nim trong viing 16ng. 56 bac wwdo f=2
— 1+ 1= 2,6 nghia la ¢6 thé dong thdi thay déi tuy ¥ hai thong s&: nhiét do va thanh phdn,
trong mot gidi han xac dinh, ma hé vin la mot pha va pha la pha Iong.

— Hé hai pha duge bicu dién bang cdc diém nim trong viing con lai trir didm eutecii.
Dai véi nhitng hé nhu viy £=2 — 2 +1 = [, ta chi ¢6 thé thay déi .mj* ¥ mot thong s6 ma thoi.

— H¢ ba pha dugce bicu dién bing di€ém E va f=2 - 3 + | = 0, nghia la d€ ba pha: 1ong,
ran A va rdn B cing tn tai thi cde thong & nhiét do, thanh phin chi ¢6 thé c6 {E‘:{ gid iri duy

nhat. @

¢) Xdy dung gidn 46 pha “'4:'"\
Qua phan tich gian d6 pha ta thiy, dé xay dung gidn dé ph-:l ghién cifu kj hé gém
hai pha long ~ rin. D6i vdi hé gdm hai pha Iong - rin, & mbi n lﬂ?}c n tach tinh thé khoi pha

Iéng 161 xdc dinh lugng pha rin va thinh phdn pha Iong. Nhumg weh tinh thé khoi pha long doi
khi gip khé khin, nhét 1a khi dé nhét clia dung dich lfm Vi i&t do cao, con phan tich hod hoc

dé xdc dinh thinh phin ciia pha long nhiéu khi ciin dé nén ciing bi han ché&. Mit khéc,
khéng phai hop chat nio ciing dit bén dé c6 thé tic 0 dang nguyén chit va khong phai doi
vdi chit nao ciing 6 phuong phip ding tin ¢ ﬁng phdp téng quit xdc dinh nhiét do cin

bing giita pha long va pha rin 13 pluong @ i nc‘.-": nhiét. Phuong phdp nay khoéng doi hoi
tach co hoc va phin tich cic pha & lraq\ an bang. Phuong phdp phia tich nhiét chia ra lam

hai loai;

- Pluiong phdap quan @u ng mdt. Theo cich nay thi ngudi a lam nguoi tir tir dung
dich trong sudt va ghi nhin rfh,;él dd ma tai do xudt hién tinh thé ddu tién hodc, néi cich khic,
nhiét dé ma tai do dun d@ trong sudt bit diu duc. Sau dé lai tir tir dun nong dung dich va ghi
nhin nhiét dd ma du@h bat ddu trong, nghia 1a nhiét do ma tai dé chdt tinh thé bit diu tan.
Néu 1am thi nghigrm 6t thi do cheénh léch giira hai nhiét do ghi nhan duge: nhiét do bit ddu trong
va nhiét do it ddu duc khong vuot qui 0,1°C. Sau dé lap dé thi néu lén su phu thuoc nhiét do
bit ddu ket tinl tir dung dich viio thanh phén cia dung dich. _

— Plutong phdp xdy dung diong cong nhiét dé — thoi gian. Day la phuong phdp thong
dung nhil. Phuong phdp ndy dya trén y&€u t3 1a khi lam ngu6i hé, trong hé khong xay ra bién déi
gi nén nhiét do gidm véi téc do khong déi. Chang han nhu khi Iam nguoi hé gbm A nguyén chét
(duong 1 trén hinh 4. 1 1a) t6i nhiét do t,, nhiét do két tinh clia A nguyén chit, thi vi qué trinh
két tinh 12 toa nhiét nén, cho dii vin lam ngudi hé, két tinh xay ra & nhiét do khong ddi va trén
dudng cong 1 ta thdy c6 doan nam ngang (ng véi qud trinh két tinh A nguyén chat. Sau khi két
tinh ket thiic, n€u ti€p tuc 1am nguoi hé, thi nhiét do lai ti€p tuc giam. Déng doan nim ngang
trén duong 1 cia hinh 4. 11a sang d6 thi hinh 4. 11b, ta c6 duge nhiét do két tinh t, cia A
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nguyen chat trén hinh 4. 11b. Néu jam twrong wr doi v6i hé gém B nguyén chai (dudmg 6 trén
hinh 4. 11a) thi ta nhan dugc nhiét do k&t tinh I clia B nguyén chét. Néu 1im ngudi hé 1a dung
dich long gém hai ciu tr A _va B c6 thanh phdn x, (duwong 2 trén hinh 11a) nhung gidu A hon 1a
thanh phin diigc goi 1a thanh phdn evtecti Xe(dudng 3 trén hinh 4. 112) thi 16 nhiét do t,, A b
dau k&t tinh. Viéc xuat hién tinh thé trong hén hop hoic chuyén tir dang thit hinh nay sang dang
tht binh khic kém theo su thodt nhiét nén tir thoi diém Xay ra qué trinh két tinh hodc bign dai
dang thit hinh sy giam nhiét do bi chim lai hoic tam ngimg. Do dﬁ, chd gy khiic trén dudng
cong 1am ngudi trén hinh 4. 112 cho thily di€m iing v&i bét ddu Ié&t tinh hodc bat ddu cé bien

d6i dang thy hinh. Nhy vay 13 diém giy khic wén dudmng 2 cia hinh 4. 11a,sau khi déng ngang
song song voi tryc hoanh sang dd thi 4. 11b gap dudng thing dimg duoc k& tir c@[‘n Xs va
diém cit 2 wrén hinh 4. 11b cho ta mot di€m trén dé thi nhiét do — thanh phin clia hé 2. Trong
qua frinh A két tinh, dung dich long cang gidu cdu iy B hon 13 dung dich ba va thinh phin
cia né tién t6i thinh phan eutecti x, . Khi thinh phin dat iGi thanh phdny Butecti thi B bét diu
két tinh ciing A vA qud trinh k&t tinh dung dich thanh phin eutecti x3 \%nhir&t do khong doi
te- Nhiét d ndy duoc goi [a nhiét do eutecti., Doan nam ngang d3 VGlL cdc hé 2; 3; 4; 5 trén
do thi nhiét d6 — thei gian 4. 11a cho gid tri nhiét d¢ eutecti. E@ﬂ ciche4vas glau cdu tr B
hon la thanh phén eutecti ¢6 thé ldp luan hoan todn tuon i khdc 12 khi dat t6i nhiét do ¢,
(d61 véi he 4) va t; (d6i véi he 5) thi B bit ddu ket tinh v T@%t 101 nhiét do t; thi A bat ddu ket
tinh ciing B, dong thai khi A va B ciing két tinh thi ké’bu%h cling xdy ra & nhiét do khong déi.

o
Nh_ifEIA XQ i

do 51—\ .
L L WO PR R Y . i ‘e,

PR

i
{
i
i
i

> : et
' S Xs
Thoi gian — A Thanh phin — LN .
(a) (b)

Hinh 4. 11 Xdy ding gidn dé frang thdi 4. 11b hé hai cdu tit dya trén duong cong
lam ngudi nhiét do — thoi gian 4. 1]a.
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Néu [am ngudi hé 3 cd thanh phin eutecti thi khi lam ngudi hé nhiét do gidm tir tir nhu
d0i vOi chit nguyén chat. Nhung khi dat t6i nhiét do t; thi A vA B bilt ddu két tinh déng thoi &
nhiét do khéng doi t.. Déng cdc doan nam ngang irén cdc dudng 2, 3, 4, 5 irén dé thi 4. 8a song
song VGi truc hoanh sang dé thi 4. 8b gap dudng thing ding ké tir diém xdc dinh thianh phin x,
ta duge diém cit cha hai dudng dé. Piém nay chinh 12 diém eutecti. Ciing c6 thé dé dang thay
ring cdc diém 4 va 5 trén dé thi 4. 8b nhan dugc bing cdch ndo. Trén co s& dudng cong lam
ngudi hang loat cdc dung dich néng do khdc nhau c6 thé Jap duge gidn dé trang thdi ciia mot hé
nghién ctiu ndo do (xem gian do bén phai hinh 4. 8). Ciing dé ding thdy ring s6 dung dich cang
nhiéu thi gian dé nhan duoc cang chinh xdc.

4.5.2 HE TAO THANH HOP CHAT HOA HOC BEN KHONG PHAN HUY

KHI NONG CHAY

Nhiéu khi cdc cau tir ciia hé hai cdu tir tao thainh hop chivhed.fioc bén khong phan
huy khi néng chay. Cé thé &y trudng hop hé CuCl — FeCl; gém cleiliz dong CuCl v clorua sit
FeCl, lam vi du cho hé loai nhu vdy. Hop chit hod hoc bén tae i;hﬁﬁh o day la CuCl.FeCl,. Qua
trinh nong chay ctua hop chat loai nay khong khic qud trinh néfg chay clia ch&t nguyén chat,
nén gian do trang thdi clia he loai nhu vay la t8 hop hai gién™do trang thdi cia hai hé hai
ciu tir ghép lai (xem hinh 4. 12), wong dé hop cha{’hod hoc CuCl.FeCl, déng vai trd mot
trong hai ciu tlr cia mé6t trong hé hai ciu tir nhu vay.-"f‘ﬁ't ca nhitng phin tich va lap lvan duoc
néu ra doi voi hé hai cau tir Cd — Bi ciing ¢ thé dpdung duoe déi véi mét trong hai hé hai ciu tir
ducc biéu dién trén hinh 4. 12. Ngoai ra, wenHinh 4. 12 con dua ra gian doé trang thdi coa hé hai
ciu tir Zn - Mg,

e A Ao

—rEENEE ST

304 &
280
263 §
240

cuCl CuCLFeCl, FeCl, Zn MgZn Mg

Hinh 4. 12 Gidn dé trang thdi cdn bdng long —rdn ciia hé hai cdu it tao thanh
hop chdt hod hoc bén.

Sy Pl e
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4.5.3 HE TAO THANH HOP CHAT HOA HOC KHONG BEN PHAN HUY
KHI NONG CHAY

AEL he hai cau tr A va B hodn toin tan 1in & trang thdi long, nhung & trang thdi rin
khong tan 1an va tao thanh hop chit hod hoc A,B,, phan huy khi néng chay. Bay la irudng hop
gian do trang thdi cla hé, trong dé hop chit hod hoc dugc tao thanh khong bén nén & nhiét do
cao, nhung thip hon nhiét do néng chay da hoan toin phan ly theo so dé

AB, = nA +mB

Nhiét Long (p = const)
do

A e O ¢ A B, —Thanh phin B

Hinh 4. 13 Gidan do thdi cdn bang long—rdn hé hai cdu ni tao thanh hop
O chdt hod hoc khong bén.

Vi hop Q& hoc nhu vay khong thé néng chay ma khéng phén ly hoin toan nén
dudng long k_hfugﬁ cuc dai nhu trudng hop tao thanh hop chét hod hoc bén, do dé gian dé
trang thdi trong trudng hop nay duge goi 1a gidn dé trang thdi véi cuc dai 4n (cuc dai 4n trén
duting cong diit quing hinh 4. 13). Nhiéu hé hai cdu i ¢6 gian dé trang thdi nhu vay. Hon nifa,
thudng trong hé mot s6 hgp chit hod hoc khong bén duoe tao thanh, vi du nhu trong cdc hé Cr —
C, Cu — Hg, Cu — Ga v..v... Xét trudng hop don gian nhat khi trong hé mot hop chét hod hoc
khong bén dugc tao thanh. Gian dé trang thii loai nay dugc dua ra trén hinh 4. 13. Pudmg
aEcf 1a dudng long. Cic dudng thing bEg va cmd Ia duding rin. Puding thing bEg déng thoi
ciing 1a dudng nam ngang eutecti v iing véi nhiét do ket tinh eutecti. Pudng thing cmd duoc
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L I e T e =

goi Ia dudng nam ngang peritecii hodc don gidn 1a dudng peritecti. D6 13 dudng phian huy hop
chét hod hoc khi nung néng. Cin luu ¥ hai tinh huSng c6 inh hudng ddng k€ dén tinh chat bién
déi trong céic hé 1 cdc hop kim v6i hgp chat hod hoc khong bén. Hén hop 1ong eutecti ¢6 thanh
phin dugc biu dién bang diém e (xem hinh 4. 13) bido hoa ci d6i v6i cdu it A tinh khigt ca
d6i véi tinh thé hop chit hod hoc A By Thanh phin cha nhiing tinh thé ndm & ca hai phia so
véi thanh phin hon hop eutecti 1ong trén truc néng do. Do d6, khi lim ngudl hoén hop long in-:
tinh thé A vi A_B. k&t tinh déng thoi.

Hon hop long duge bicu dién béng diém ¢ c6 thanh phin dige biéu dién bing diém
ciing dong thoi bao hoa cdc tinh thé B nguyén chat va céc tink thé hop chat hod hoc A.B,,
nhung thanh phn clia nhitng tinh thé d6 ndm & mot phia so véi thank phin cua ﬁp&ﬁ hop long.
Diéu ndy 1am cho mot loai tinh thé khéng thé tao thanh duoc néu tinh thé ﬁ(iﬂj.;«%’i]aé khoOng tan ra.
Vi du nhur viée tao thanh tinh thé A B, tir hén hop ldng thanh phén ¢ m,ai?i‘al‘ciﬁmg théi kém theo
hoa tan cédc tinh thé B trong 16ng. %E .

DE hiéu ban chét cdc qud trinh xay ra trong hé nhu vﬁy- ta.ff@é{f "qil4 trinh két tinh mot s6
hop kim  loai nhu viy ma dudng cong 1am nguoi chiing ﬁ;iq;;uﬂfra ra trén hinh 4. 14. Thanh
phdn hén hop I ting v6i lugng twong duong céc cau tir A vﬁ B theo phan ting:

n,ﬂ;+mB—-MJ

I Thoi gian A Néngdo — AB,
(a) : (b)

Hinh 4. 14 Cic dudng cong lam ngugi hop kim véi cdc hop chdt hod hoc khong bén.

Do dé trong trudng hop nay hai céu tir hoan toan két hop véi nhau va hop chét hod hoc
duge tao thanh. Nhung hop chit hod hoc dugc tao thanh chi bén & nhiét d¢ thap hon nhiét do .

-,.'_-_:1-_':__"'\:."& St Wy i B by o i i 3 AR 7, 1 R
R =

e T e e AT e or L o 3 o
PRI e e e T e e 1 B T e e o e ot

e '] o Bt - - ! a
e —--'-.ai.:-."‘hi-_.-.:.a_'..i'."..'.ﬂ"_:

i
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O nhiét dé cao hon nhiét do nay hop chit hod hoc phin huy thanh cic thanh phdn A va
B chia nd. Tir gidn d6 trang théi ciing thiy duge ring, & nhiét dd cao hon nhiét do t, céiu tir B tn
tai 0 dang pha rin c4n bing véi léng chia mot lugng B nhat dinh. N6i mot cach khic, hop kim
long 1 & nhiét do cao hon t, bic hoa ddi véi cdc tinh thé B va nhiing tinh thé ndy tich ra khoi
pha long 13 giai doan ddu tién cla kéi tinh hén hop 1. Sau d6 & nhiét do khéng déi, nhiét do t,,
cic tinh thé nay tan ra dong théi cdc tinh thé hop chit hod hoc A B, tich ra khoi 16ng. Bién déi
nay la bién d6i bt bien vi 4p dung quy tic pha cho hé & nhiét do nay, ta cé:

=C-9+1=2-3+1=0
Qua trinh nhu vay duoc goi 1d qud irinh peritecti. C6 thé biéu dién ngin gw&c giai
doan kéi tinh hén hop 1 nhu sau:

1Y%y B+ L(C,~C) ?\Q\
B + L(c)—=—>A,B, \é
Nhung trong hén hop 1 luong cde cdu tir A va B diing binghudng)
hop chit hod hoc nén, & nhigt do t, todn bo hén hop 16ng bign 1_ Fuh
A.B,, ma khong cé du tinh thé B hoac 1ong. N\

Dé dang thiy 1a néu xét cic hén hop c6 thﬁ@ﬂm ¢ bén phai hoanh do A B,
nghia [a trong thanh phén c6 du B so véi cdn thigt dé anh A, B, nén luong B du tao thanh
pha riéng & trang théi ran. Nhu vay két tinh hﬁn@f@u ra qua nhiing giai doan sau

L-—i’_'#,aﬁ (C,-C)

B + L{@A AB, + B(dw
Ciing dé dang thay 12 néu ndag'do ciia hén hop nim & bén trdi toa dd A B, thi sau khi

un
k€t tinh pericti, long du ¢6 thianh @m:ﬂ: biéu dién bing duoc diém ¢ con lai trong hén hop.
Vilong bao hoa céc tinh thé op chat hod hoc A,B,, nén, khi lam ngudi ti€p, két tinh xay ra cho
cdc tinh thé hop chit hod hoe. fihu vay. Nhung khéc véi bién doi eutecti, thinh phin cia long
khong duge khoi phuc -1“"3":' :tinh thé B ma do léng duoc giau ciu tir A len. Két qua la long dat
Limé VoI thanh phdn nhu vay né déng thei bio hoa ca cfu tir A nguyén chét ca
hop chit hod ho {__ A,B.. Vi vty quad trinh két tinh hén hop 3 két thic bing viéc tao thanh hé tinh
thé eutecti hoc con dugc goi la hé cing tink hoac he (A + A B_). Do d6 ta c6 bén giai doan

két tinh hén hop 3 nhy sau

ig'cdn thiét dé tao thinh
nh thé hgp chii hod hoc

L—=t>5 B + L(c, —c)
B + L{c)—=3 AB. + B(du)
L—==5 AB, + L(c-¢)

L(c) —> eutecti(A,B, +A)
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Nhu vay 13 trong cu triic clia hdn hop 3 ta s& c6 céc tinh thé A B, ddu tién dugc bao

quanh bdi cdc tinh thé eutecti (A B + A).

Tir gidn dé ciing thdy duge 13 t4t ca nhiing hé dugc biéu dién bing nhitng diém nim
bén trdi diém c k&t tinh nhw cdc hé eutecti thong thudng. Vi du nhu hén hop 4 két tinh qua hai
giai doan:

L—4te s AB, + L{g, —¢).

—Ly eutecti(A B, +A)

nm
Ihong hi€m twrudng hop trong hé hai cdu or tao thanh moi vai hop chaﬁé hoe, trong
56 d6 mot s6 hop chét hod hoc khong phian huy khi néng nhay, s6 khic thi nglige lai. Vi du nhu
ignphan huy khi nong

trong hé Cu — La bén hop chit hod hoc duge tao thanh, trong d6 hai ke

Trén thuc t&, song song véi hé hai cdu i, cﬁng@ gap hé ba va bon ciu . Ta xét
hé ba cdu tr. Phuong trinh trang thdi ctia hé nhu v E am thong s6 va ¢6 dang:

chay.

4.6 HE BA CAUTU

p,T X

D1 nhién 14 khong thé lap gian d6 khong'g ..: w:iI nhiing bién s& nhu vay, nhung néu cho dp suat
thuc € khong déi p = const (doi ki i}ﬁﬂ nghlén citu anh huéng cha dp sudt, vi du nhu khi
nghién citu cic qud trinh dia chét tHi'khong thé coi dp sudt la khong déi duge) 6 thé 1ap gian dé
khong gian ba chiéu biéu clién' lien hé gifta néng do cidc ciu tr va nhiét do. Khi dé ngudi ta
diing ba truc toa do, trong dé,

¢“mat hinh hoc tién loi chon hai truc toa dé tao véi nhau mot géc
bing 60°C dé biéu d" do clia hai cdu tir, con truc thif ba vudng géc v6i hai truc do dé
biéu dién nhiét do. >t clia viéc chon hé toa do nhu vay la & chd néu géce gilta cic truc nong
do bang 60" thi l@ ng do cha ching 13 nhu nhau nén nhan duge tam gidc déu va dé diang

xdc dinh 4@ 2 dd cia cdu tir thit ba
4.6.1 CAC PHUONG PHAP BIEU ]}lﬁN THANH PHAN HE BA CAU TU

C6 hai cdch diing tam gidc déu lam tam gidc thanh phén:

I. Ding tam gidc Gibbs, dinh clia tam gidc déu ing v6i do chita 100% ciia mobi cdu
tir A, B va C trong hé va khi d6 cdc canh cla tam gidc c6 thé duge dung dé biéu dién thanh phén
ciia céc hé hai cdu tr A + B, B + C, C + A. Cic diém nim trong tam gidc biéu dién thanh phin
hé ba cdu tir. Phuong phdp xdc dinh thanh phin ciia Gibbs dua trén co s6 la tdng cdc dudmg

vuong géc duge ké tir diém bat ky nidm bén trong tam gidc déu dén moi mot trong cdc canh bing

chiéu cao cha hinh tam gidc. N&u chip nhin Ia chiéu dai clia toan bd chiéu cao tmg vdi do chiia

e ke Bl AR e 8 ol
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100% duge tinh theo mof (hodc theo trong lwong) thi 6 th bicu dién thanh phin hé ba ciu i
bing cic chiéu dai i thiing dudng vuong géc ha xudng canh dei dién ciia dinh tam gidc biéu
dién cdu tiy tong ¥ng. Vi du nhu biéu didn thanh phin ciia hé ba ciu iy 26m 20% A, 30% B va
% C. Thudmg ngudi ta khong cdn 13y Khoang céch tir diém t6i cdc canh vi cdc dudng song
5012 vdl canh nha dinh chia hai canh con lai thanh cic doan tv 1& véi cdc doan trén chiéy cao
nén c6 thé thé nhan dugce irye ti€p ndng do trén cdc canh cia tam gidc (xem hinh 4. 15),

2. Rosenboom dé nghi xdc dinh thanh phin cia he bang cdch ding cic doan cha ba

dudmg thing song song véi canh cua hinh tam gidc va cit nhay tai di€m p biéu dién he tren mil

phing. Cic doan cat trén mot canh cha tam gidc bidu dién thinh phin ciia cde ciu?mhu thiy
0

dugc trén hinh 4. 16, Cic dutng ké tir dinh tam giac (khong nhat thigt 13 chi ) ing vdi
hang loat cic he, trong do tuong quan giira d6 chifa cha hai ciu 1 13 khong, 8éi."06i vai gian dé
tam gidc ciing ¢ thé dp dung quy tic don bdy nhy d6i véi gian dé hé haj
4.6.2 GIAN PO KHONG GIAN HE BA CAU TC D

Gian d6 khong gian hé ba cdu dugc xay dung bing Qﬁf}r lruc vudng géc véi tam
gidc déu thanh phan lam truc nhi€t do (hinh 4. 17). Khi do nhin duoe hinh lang try tam gidc,
Gian do nay duge goi Ia gian dé néng chay hoac gian d hé&m da nhiét. Ta xé truong hop don
gian khi khong tao thinh Lop chit hod hoc hoac dun %rﬁn Vi pha Iong khong bi tdch ra v
dé cu thé, xéi h¢  Bi-Sn—Pb. bidm O nidm didi.ky hicu Bj ,diem @ canh k¥ hiéu Pb va
Oginky hiéu Sn biéy dién nhiét do nong l:ha hfsmut, chi va thi€e nguyén chat tuong (g,
Mat trdi cta hinh lang tru cé dudng co )Eét tinh hé hai cau iy Bi-Sn véi diém eutecti E,
Mat phai ciia hinh ling tru 1a gian dé ;@FP‘E} Vi diém eutecti E, va mat sau la gidn dé clia he

0 ]
O .

Bmm eyt L LTI & ETTTSerre

Hinh 4. 15 Tam gide daéu a¢ biéu dién thanh phdn hé ba cdu tit theo Gibbs.
—
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Bi—Pb v6i eutecii E;. Diém eutecti cha hé ba cdu tir 12 diém E tmg v6i thanh phdn hén hop Iong
c6 nhiét do néng chdy thap nhdt clia hé. Piém ndy Wing vdi nhiét do néng chiy 1, = 96°C vi
thanh phin ciia hon hop 14 52% Bi, 33% Pb va 15% Sn. Céc bé mat BiE; EE,, PbE, EE, va Sn
E, E E, 12 cdc bé mat 16ng. Chiing cho biét ciu tir nio ciia hén hop bat ddu két tinh tiv hén hop
16ng va tai nhigt d6 nao xay ra két tinh, cu thé 1a:

— Bi E; E E, biéu dién viing két tinh cia Bi ;
~ Pb E, E E, biéu di&n ving k& tinh ciia Pb :
— Sn E, E E, biéu dién ving k&t tinh ciia Sn.

e — ep—

A X
Hinh 4. 16 Tam gidc déu c@f dién thanh phdn hé ba cdu it theo Rosenboom.

O

Ta xét hé 16ng be cﬁg‘{fr dugc biéu dién bing diém p trén gian dé hinh 4. 17. Dé tién
theo d6i qud trinh xdy'w#-¢6 thé ding hinh chiéu cla gidn d6 khong gian xudng ddy cia
hinh lang tru nh “{i trén hinh 4. 18. Hinh chi€u ctia ba dudmng bién EE,, EE, va EE,
ngan ba vi ifth ctia Bi, Pb va Sn xudng ddy clia hinh lang tru cho cdc dudng e e,, e e,va e
e, chia tan@ thanh phin thanh ba viing. Khi ldm nguoi hé tdi 217°C nghia la hé duge biéu
dién bing diém A trén gian doé thi cdc tinh thé Bi bt ddu két tinh v nhitng tinh thé dé tich ra
khoi hon hop 16ng con lai, nhung tuong quan giffa cdc luong clia Pb va Sn sé khong déi. Piéu
ndy Ung véi dich chuyén thanh phdn theo duong AB clia tam gidc thanh phin nhu thiy dugc trén
hinh 4. 17 va 4. 18. Khi djch chuyén dén dudng e, e hdn hop 16ng sé can bang ca vdi tinh thé
Bi ca véi tinh thé Sn. Do dé, néu tiép tu'n:: lam nguoi thi ca hai kim loai Bi va Sn cliing két tinh cho
t6i khi dat t6i diém eutecti clia hé ba cdu tlr. Thanh phin hén hop 1éng tir lic hai kim loai bat
diu két tinh dugc bi€u dién biing dudng cong tir b dén e trén hinh chi€u. Tai e ca ba ciu tlr ciing

két tinh. Ap dung quy tic pha f=K —¢ + 1 cho nhiing trudng hop cu thé nhur sau.

I.'. = ¥
r L T g v | o e e ot e E Hel ST T =
:.:-L‘R-.'.'.-.:t;."-.-. L e S A R B L e o e [l i
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| — Nhiing hé hai pha c6 mot ciu il can bang v6i hén hop 16ng duoe bidy dién bing cdc
ﬂfl‘l; lrin;é mit Bi B E Ey:f=3-2+1=2 nén hé 13 hé hai bién, nghia 13 hai ha ky trong
s0 cac bi€n s6 xdc dinh trang thdi cla hé trone 2idi i 3
! : 2 trong  gidi han nhét dinh c6 thé th ;
béc ty do bing 2, TR

Hinh 4. 17 Gidn dé trang thdi @ﬂg gian hé ba cdu nt tao thanh mot hon hop eutect,

ol

Hinh 4. 18 Hinh chiéu gidn do khong gian h¢ ba cdu ni xuéng day ciia hinh ldng tru.

12-Hoéa Ly ND
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— ©CAc he¢ ba pha g6m hai tinh thé can bang vdi hén hop léng, vi du nhu déi véi hé duoc
xét hén hop Ifmg dugc biéu dién bing diém C trén gian dé i{hwfmg gian hinh 4. 17 (hoic ¢ trén
hinh chi€u) f=3 -3 + 1 = 1 va hé 1a mot bi€n nghia 13 chi c6 thé thay déi tuy ¥ hoiic néng do
hodc nhiét do.

— Tai diém E hén hop 16ng can bing véi cdc tinh thé cha ba ciu il va hé gom bén pha
(ba pha tinh thé vA mot pha long) f=3 -4+ 1 =0va he la he khong bién hoac bat bién.

4.7 CAN BANG LONG ~ LONG HE HAI CAU TU

Ta da x&t ke hai cu tly, trong d6 chi c6 mot pha thinh phin thay déi. . Bo'% dung dich
long hofic hon hgp ma khi két tinh thi chai nguyén chét tich ra. Bay gidr t én sang xét hé
c6 kha nang tao thanh mot s& pha thanh phdn thay déi. Diu tién ta xé@&u tlr déu & trang
thdi 16ng. Hé nhu vay c6 thé 1a:

1. Heé hai cdu tir hoan toan khong tan lAn, vi du nhu @}Qd% hoa, nudc— thuy ngan

2. Hé haicdu ulrtan lin cé gidi han nhu nu@é}llin. nudc — phenol, rvgu metylic
— hexan khong phin nhinh v..v.. @
3. Heé hai cdu tir hoan todn tan lin nhu hop dung dich,

N6i mot cach chinh xdc, khong cé % it 1ong khong hoin toidn tan 1in vio nhau.
Tét ca cic chat 1ong c6 thé tan 1in vio nha dii c6 thé véi mic do rit nho.

4.7.1 GIAN PO TRANG TH \G‘AN BANG LONG - LONG

Ta xét hé gébm hai chat tan 1dn c6 gidi han, vi du nhu hé nudc — anilin. Ta dé mot
mot luong nhét dinh hai cdu tit.yvho mét xylanh c6 it bic va & 4p sudt va nhiét do khong déi, lic
manh cho tdi khi hai l@fg dugc tao thanh trong xylanh dat trang th4i can béng twong hé,
nghia 12 cho téi khi -_;3 1€p khong 1am thay déi duge thanh phén ciia cdc 16p niva. Su phén tich
hai 16p cho thdy méi Jop chifa ca hai cdu tir nhung véi luong khdc nhau: trong khi ldp trén chita
nudc 14 chi () ot lugng nho anilin (3,1% theo khéi lugng néu thi nghiém duoc tién hanh &
20°C), va dﬁqi Ia 16p nudc thi nguoc lai, 16p duéi co ban chia anilin véi luong nudc khong
déng k€ bing 5% ciing & nhiét do nhu viy. Néu thém lugng clia mot trong hai cdu ti, vi du nhu
nuéc, chang han, vao xylanh, réi lap lai thi nghiém & cling nhiét do va 4p sudt thi nhin thay 13
thanh phén cia cdc 16p & can bing khéng thay déi. Diéu ndy duge biéu dién én hinh 4. 19 va
dugc gidi thich nhu sau: thém nudc 1Am cho thé tich ciia Iop nuéc ting lén, nhung déng thoi
mot lugng anilin nhdt dinh va lugng nudc tuong ting V6 luong d6 di tir 16p anilin sang
16p nude. Két qua la thé tich 16p nuée ting lén vi 16p anilin gidm di. Do dé thanh phdn méi Igp
khong ddi. Sy thay déi diéu kién bén ngoai kéo theo s thay ddi thinh phin céc 16p cin bing, O
ap sudt khong I6n, sy hoa tan thuc t€ khong phu thuoe vio 4p sudt. N6i chung, tang nhiét do
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l2m tang d0 tan 14n clia cdc chit long. Tang nhigt do ¢6 thé din g s tan [an hodn iodn cdc
chdt Iong. Nhiét do ma trén gid tri d6 c6 sy tan lan hoan toan duge goi i3 tthiét dg to1 han. Trong
(g nudc — anilin nhiét do nay bing 167°C . Néu biéu dién bing d4 thi thinh phén cic 16p cha cdc
chdt 16ng tan Iin c6 gidi han nhu 13 ham ciia nhiét 46 thi nhan duge dubng cong gisi han vimg
ing voi cdc hé dong thé duge dé tring va vong dng voi cac hé di thé hai pha duce 6 dam nhu
duge biéu dién trén hinh 4. 20. Diém bét ky trong vimg dugc han ch€ béi duting cong va true
todnh (viing 6 ddm) dng vd&i he hai 16p. Ap dung quy tic pha cho hh[’mg diém trong viing nay:
f=2-2+1=1.Ditu ndy c6 nghia 13, & nhiét do di cho (thong sd tuy chon), trang thdl cia hé
dugc xdc dinh vi cdc thinh cha hai 16p (hai pha) can bang véi nhau duge xde dink bang céc
diém bi€u dién he va biéu dién hai pha nim trén dudmg thang song song véi Iruc hc:-%]‘(\

Diém cit ohg thing nay
vil truc ho ta nhiét do
g nim ngoii

g thé. Ap dung quy idc

| Qﬁ:ha cho hé nﬁ:_n trong ving nay -
3% anilin trong nudc, A » f=2-141=2 Nhuvay Ia,
lép nude dé mo 14 hé ndm trong viing

Q : nay cin Xac dinh nhiét do t vi

f{fﬁ ;;‘fﬁ]"ﬂ"g 3“""\)( thinh phdn hodic, néi céch
khdc, ¢6 thé thay déi tuy tien,
Hinh 4. 19 Cdn bang long hé hai cdu nr ca nhigt do Ian dp sudt ma he
tan ldn cé gici han. f@nfﬁﬂ—miﬂ?ﬂ van [a mot pha.  Trong mot sg
| @ ¢ hé nhu hé nudc — triethylamin

do tan 1an ting khi nhiét (xem hinh 4. 20b). Hon nifa, khi nhiét dé giam tdi g1 tri nhét
dinh thi dudi nhiét do : <10& 1an vGi ty 1€ bat k7. Nhiét do nay duge goi 1a nhiét d6 hoa tan
gidgi han duoi. Lai @E‘ng hé c6 cd nhiét do t6i han trén va nhiét do t6i han dudi nhu hé gdm
nuée va 1111::«::{in]_@ﬂﬂl2 (xem hinh 4. 21)

4.7.2 QUY TAC PON BAY

Vi tri biéu dién thanh phén clia hé di thé nhét dinh duoc xdc dinh bang lugng tyong déi
cia mot trong céc pha. Trong tinh todn can bing pha nhiéu khi céin:

— Xic dinh thanh phin toan bo ciia hé khi cic pha can bang ¢6 ty & xic dinh d6i véi
nhau.
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- Xéc dinh ty 1¢ tuong d6i gilia cic pha c6 thanh phin xdc dinh. Nhitmg pha nay nhan
duge bang cdch tich ra tir hé c6 thanh phin ban ddu xdc dinh.Trong trudng hop nay dé tién loi
ngudi ta ding phuong phép bdn do6 thi dua trén quy rde don bdy. Noi dung ciia quy tic don biy
nhu sau: Didm biéu dién hé di thé (diém chdm den ddgm trén hinh 4. 20a) hai cdu 1t ném trén
duong thang ndi hai diém (diém e va diéin f) biéu dién hai pha cing ién tai va chia ditong thang
nay thdnh cdc doan ty 1é nghich voi cdc lisong cia timg pha.

I CA t'C

167" Cl——

R e s e % nu&c(b HID (QH;}1N
HO p p p, CeH.
— Thanh phén, % khéi lugngctid C;H,NH,

(a)
&

Hinh 4. 20 Gian -@%ng thdi ctia hé hai cdu tir tach thanh hai lop:

nicdc — antlin véi diém hoa tan 16i han phia trén;

(%l 2 nitée — irietylamin véi diém hoa tan 16t han phia diéi.

Quy tﬁc }fcﬁ thé dugc minh hoa qua gian d6 Nhiét d6 — Thanh phdn nhu trén

hinh 4. 20a. it néng do dugc tinh theo phdn trdm khéi lugng va ¢6 khéi lugng bing a gram
vi thanh phﬁ a p phin tram, trong dé kh6i lugng cia dung dich e la a; gram v6i thanh phin

la p, phin tram, dung. dich f — a, gram c6 thanh phin bing p,. Nhu vy 12 trong 1 gram ciia toan

(b)

- bo he cél—g-* gram anilin, con trong a gram f:hﬁ:avl'% gram anilin. Tuong tu, trong a, gram dung

a,
dich e chifa _IEI% gram anilin, trong a, — | DF:] gram anilin. Luong anilin téng cong trong toan

bo hé bang lugng anilin trong dung dich e va dung dich f. Do dé c6 thé viét:
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ap - a,p, _I_azpz
100 100 100
ap=a;p; + a;p,

nhung a = a, + a,, nén
(:-51, +ai)=a.91+a;pz =% a,(pwp1)=a1(p--p2) va

a, = P—p
dy PP

(4. 12)

S Lae RN
180 |- é{\
- \}*
140 |
4ﬂ I I |
2%:‘ 30 60 80 100
g Nic6tin

— Thﬁqgﬂn, % khéi lugng cha nicétin

Hinh 4 idn do trang thdi hé long hai cdu tr duge
I&'c&) hai 1op trong tricdmg hop cé diém hoa tan
(o1 han trén va didi,

Trén gia Immg chit ciia méi mot pha ¢6 thé duoge cho boi:
~ 56 mol, néu thanh phén dugc bidu dién bing phdn tram mol ;

— don vi khoi lugng, néu thanh phin duge biéu dién bang phan trim khéi lugng. Quy thc
don bdy 4p dung duoc cho ca cdc hé chia pha long va hoi {c&n bing 16ng ~ hoi), hé chita pha
16ng va pha rin (can bing 16ng - rin).
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4.8 CAN BANG LONG - HOI HE HAI CAU TU

4.8. 1 HAI CHAT LONG TAN LAN HOAN TOAN VA TAC THANH DUNG
DICH LY TUONG

@) Ap sudt hai bdo hod trén dung dich

Ap suflt susit hoi bao hod 1a gt iinh chit rdt quan rong cia dung dich vi cde tinh chil
khéc litn quan véi nd. Néu hai cfu iy, dung méi va chift tan, c6 tinh chit gan nhau vé thanh
phén va cau tric phan tF thi lue hiit iwong b6 gifia cic phan tii cua hai cdn @ khoang bing nhau.
Gia sit, & trang théi can bing, hai cifu tif A v B tao thanh dung dich 1y tudng.

Vi du: | (j(\

benzen CgH; — toluen C,H.CH,

benzen CH, — dicloetan CH,CL, *-\:
nexan CgH,, — octan C,H,, 0_0

Bé cu thé, ta xét he:

dibm$pmpan ‘Qli I?n&tan
O nhiét do va dp suat khong cao 1im 4p ieng phan clia cu o i duoe xdc dinh boi
dinh luit Raoult: (b:
Pi =£® (i=A,B)

- Gia sir x; v y; JA cac phin célu uir i trong pha léng va pha hoi tuong ting va dé cu
thé, 1a xét trudmg hop Pi < "@ ay h¢ hai cdu tir gom dung dich long va dung dich khi 1y
trdng & trang thdi cin ban do, 4p sudt tong cong P clia pha khi & trang théi can bang bing
tdng cdc dp sudt rieng |

o P=ps+py= Py Xat Py Xp

Vi Eﬁ Xy nén phuong trinh rén c6 thé duoc viét lai nhe sau;
P=p} (1-x5) + 3 xs=p+ (p3 ~ 3 ) x4

Céc dubmg thing py =p3 (1-Xg ), pa =pjxs va P = py + py =p5 +(p% —p ) s
(dudng dam nhét) trén hinh 4. 22 biéu dién céc gid tri dp sudl riéng phén va 4p suat téng cdng
nhu la ham ciia thanh phin pha 1éng. Bién s6 thanh phin & day dugc chon 1 x;.Qua dé thi ta

ciing thdy p3 <P< Py - Néu ¢6 4p suit bén ngodi p,,, tic dong lén hé thi hé s6i & nhiét do khi
dp sudt 16ng cong P bing 4p suit bén ngodi Pexes » Dghia l: P=p, + py=p,,, .
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Néu pj > ph . Bdé bay hoi hon A thi Taia > T, hodc nguge lai. Do do nhigt do soi
clia dung dich ly twdng ndm trong khoang gifia nhiét do soi ctia A va B nguyén chét va, trong
trudmg hop pg > p%, c6 thé viet: Lo T e e T o,

b) Thanh phén cila pha long va pha hoi

Dé€ xét quan n¢ gilta thanh phén ciia pha long va pha hioi ta xét trrdng hop 4p sust
khéng I6n. Khi dé c6 thé coj pha hoi 1a hén hop khi 1y tudng. Theo dinh luat Dalton:

- t=g5c | \&
mm Hg P Pa e
Pa @VQ*

A Pa
A < ;
dibrompropan , 3£,

X, 8 dibrometan

C,H,Br, ®\‘ GH,Br,

Hinh 4. 22 Su phy thugce 6 sudt riéng phén va dp sudt 16ng céng vao thanh
phdn ciia dung dich Iy long.

*

p; = Py,, trong d6 P - %%Iﬁng cong, i=A, Bvay, la thinh phdn cu tir i trong pha hoi; ¢on
theo dinh Juat Rﬂﬂllb

@ Bi=pi X
Két hop hai dinh ludt, ta co:

Pﬁ=PYA=PiKA
Pr=Pyp = pg Xy

Chia tuong tmg hai v€& ciia phuong trinh thi hai cho hai vé ciia phuong trinh thit nhat cho
két qua:

P EX i
Ps _1¥p - p—f_“—, nhung trong trudng hop ta xét: pf > 1, nén:
P» Py, pix, Pa
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X in
F—B:;.K—" ik, I > S oY, + V=X, + Xp= 1 V2 c6 thé viéi:
Ya Ea YaT+¥e Xat+Xp :

Yo > Xe (4. 13)

Cong thidc (4. 13) cho thay la n€u c4u tlr B d€ bay hoi hon cdu tir A thi phdn mol ciia ciu
it dé& bay hof trong pha hoi 16n hon phdn mol clia ciu tir 46 trong pha long va pha hoi giau céu tir
dé bay hoi hon pha long. Bay gid ta xét quan hé giifa thanh phdn pha hoi y va pha long x. Mudn
vay, ta vi€i lai: '

=Pys = Ya= Elt_"i, sau Ichi lhayP:p';+(p; —pf})xm ta co:

g PaXa CSQ‘
" ph +(p% — 0} Jx, NS
Tuong tu, cling co thé viét: %

- e
Pe=Pyg = Ya= — P’ , sau khi thay P =p}, (pﬂm;;.@ :
Vg = PpXs
B =
ps +(p3 - E@g

Chia ti¥ s6 va miu s6 trong biéu thifc vira nhin d{g%hﬂ p, vaky hlEu = o cho két qua:
A

QDe |
3 . 4. 14
AN a-Dx, 29

Ta thdy 12 y = x chi véirdiéu kién duy nhdt 1a « = 1, do d6 pj =py, nghia la thanh

phédn ctia pha long va pha ho{:hing nhau chi trong trudng hop duy nhdt la dp sudt hoi bio hoa
cta hai cdu tir bing n %@é’u khong, két qua biéu dién su phu thuéc yg = f(x) cho ta dudng

cong nidm trén dudn nhu dirge biu dién trén hinh 4. 23,

C’) 1

Ye

b

=

g —
Hinh 4. 23 Sir phu thudc thanh phdn hoi vao thanh phdn Iong ciia mét cd .

Tl = 1

—
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4.8.2 HAI CHAT LONG TAN LAN VA TAO THANH DUNG DICH THUC

Néu dp sudt hoi 12 ham cita thinh phén dung dich trong nhiing hé dung dich hai cdu iy
tan 1dn c6 cdc gid tri 16n hon cic gid tri clia hé 1y twdmg thi sir léch khdc dudc goi 1a léch khdc
duerng so véi dinh luit Raoult va sur léch khdc theo hudng cdc gid tri nhd hon — léch kivdc dm so
vGi dinh luat Raoult.

Vi dr vé:
— cic hé ¢6 su lech khic duong:
H,~ Oy CH,OCH, - CS;  GH,-(CH,) 0; H,0-CHO

CH}DCHJ 20 s CZH_-:,GH; CCI,.I = CﬁH{CHq, CCh_ — C{,Hﬁ; C{:‘ld "@{:11

— cac b€ co sy léch khac am: \<-\

.“; xi_cr_“ﬂzﬂ' (C2H5 )2 O

(;:@ b)

Hinh 4.24 Si phu thuée ap sudt riéng phdn va dp sudt téng céng vao thanh
phan trong truomg hop dung dich thiec cé:
a) léch khac diong so véi dinh ludt Raoult;
b) léch khdc am so véi dinh ludt Raoult.

Hinh 4.24 biéu dién truong hop c6 ]em-:h khdc duong va léch khdc am. Khi dp sudt hoi
clia benzen nho (xcﬁﬁa < {J,l) thi dp sudt hoi bio hoa clia axeton (& day déng vai trd dung

moi) tudn theo dinh luat Raoult, con ap sudt hoi bao hoa ciia benzen tuin theo dinh luat Henry.
Céc vung nay duge ky hiéu bing cdc chit H va R va bang cdc miii tén chi vé phia cic ving dé.

-
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s 2 T T TR 4. T

Khi ndng d¢ clia axeton nho ngudi ta khéng quan sit duoc vimg dung dich lofing. D6i véi gidn
dé CHCL, — (C,H,), © ving dung dich vo ciing lodng bt ddu tir néng do Xy, < 0,05 v

Xicu,,0 < UL Ta xét nguyén nhdn cia sy léch khde. Néu ky higu lyc twong téc gira céc phan

i cing loai bang F,., va Fy_j, va khdc loai bing F, ., thl trong trudng hop
Fa-a> Fy_p <Fy_y dp sudt tong cong s& I6n hon so véi trudng hop 1Y twdng vi cdc phén tr duoc
gill 1ai trong dung dich v6i Iuc y&u hon. Cic phan 1 A vi B nguyén chéi chét dé dang roi pha
long sang pha hoi va c6 sy léch khédc duong. Ciing dé dang giai thich truong hop cé léch khic
am.

4.8.3 GIAN PO CAN BANG LONG — HOI d@v

C6 thé xay dung gidn d6 P—x & nhiét do khong ddi t = cnm@ dé t—x & 4p suit
khong déi P = const. Gidn d6 P-x biéu dién 4p sust 18ng cong P ciia hé hai ciu tr nhu 13 ham
cia thinh phdn hén hop x. Gian dé t-x (hoic T-x) cho bié nhi \Egn
ham cia thanh phin dung dich. D€ cu thé, xé1 trudmg hop ¢6 Khic duong so v&i dinh luat
Raoult nhy duge biéu dién wén hinh 4. 25. Trén gidn dé odc t—x ngudi ta dung hai dudng
cong, trong dé mot dudng cong ndi 1én méi lién hé gii sudt (hodc nhiét do) véi thanh phdn
ciia pha Iong, con dudng cong thif hai (dudng dif\liAng) — vdi thanh phdn pha hoi. Néu nén
dang nhiét hoi chua bio hoa ciia mot hé (hé naydiigc biéu dién bing diém a trén hinh 4. 25a) va
hé nay ¢6 thanh phén y, t6i dp suét p, Ii nhiing giot 16ng ddu tién thanh phin bing x,
nghéo cdu tir dé bay hoi B hon bét iudt hign. Mat khdc, néu gidm 4dp sudt trén dung dich
long (hé gbm dung dich ndy dugc biéy'dién bang di€m b trén hinh 25a) véi thanh phdn x, tdi dp
ip,sudt ndy. Hoi duge biéu dién bing diém c c6 thanh phdn y,
Néu c6 dp sudt bén ngoai p,, tdc dong lén hé thi dung dich
p sudt hoi tong cong P trén dung dich bing 4p sudt bén ngoai,

i cia dung dich nhu 13

long soi & nhiét d6 ma tai

nghia la: P = P: Xa +¢\ngﬂ = = Pexv

mg-cic dutmg cong dang dp T = f(x,) hodc t = f(xg) va T = [(yg) hodc i = f(yy)
5by. Dutmg cong t = f(x,) khi d6 duoc goi Ia diong Iéng hodc ddng séi (dudmg
lién trén hinfi4. 25b), con K(y,) duge goi 1a diong suong hoidc dudng hoi (dudng dift quing trén
hinh 4. 25b). Vi hoi giau céu tir dé bay hoi hon dung dich nén nhiét do soi ciia dung dich t nim
gilta nhigt do soi t,, va I cha hai chdt A va B nguyén chit.

O 4p susit khong déi, dung dich dugc biu dién bing diém d can bang v6i hai (hoi dugc
biéu dién bing diém e trén hinh 4. 25b) c6 thanh phin x, s6i & nhiét do t,, cdn hoi can bang vdi
dung dich nay c6 thanh phdn y,. Ving gidn dé ndm dudi dudng soi biéu didn cdc trang thii dung
dich c6 thanh phédn khdc nhau & cac nhiét do thip hon nhiét do soi va dugc goi 14 viing ldng, con
viing gidn dé nam trén dudng suong g véi trang théi hoi c6 thanh phdn khdc nhau & nhiét do

%
|
1
!
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=

16n hon nhigt do ngung tu cia ching vi duge goi 1a ving hoi. Viing duge han ché bing cdc
duding soi va dutmg suong ng voi cdc hé di thé gém dung dich 1dng vi hoi can bing vdi né.

PA‘\ A M A\
1 P = const
Ap | - WNhiéif Hoi
Suat i
;
I T S -y Long +Hoi ~~_
oy | § . fesssm e R Eﬁi_ X
1 P
I X
&
A XX Y, ¥ B i B
— Thanh phdn B ((\ ~» Thanh phin B

(a) “@ (b)
Hinh 4. 25 Gidn dé can béng k—hm’ hé hai cdu nir:
a) gidn dé dp sud phdn hé hai cdu nr:
b) gidn dé nhié i~thanh phdn hé hai cdu i
) 4
\Ur twdng thi cé thé cé diém cifc fri (cuc dai hoic cuc
) dp sudt hoi tdng cong vao thanh phén. Cuc dai trén
dudng cong dp sudt t6ng cong h phdn (ing véi cyc tidu wen dudng soi hodc nguge lai.
Diém nhu viy dugc goi |3 diém dinge phi hodc ddng séi. Khi cé sw léch khdc dm so vé6i he 1y
1g. Day 1a trudng hop cic hé, trong dé c6 su twong t4c manh giita

hai cdu tlr nhir trong tpm ng.Hop hé axeton —cloroform ¢6 lién két hydro va trong hé nuée — axit
clohydric ¢6 sy sol¥atthod. Trén hinh 4. 26 dua ra truomg hop ¢6 su léch khdc 4m va trén hinh
4.27 - lech khé@mg.
Khi c6 su léch khde duong so véi Iy tudmg thi ding soi sé 1a dang séi dm va di€m dang
s0i la diém cuc ti€u nhu duge biéu dién trén hinh 4. 27, Cé thé ching td ring dudmg tiép tuyén
V6i diém cuc ri nam song song vai truc hoanh. O diém cuc tri thanh phin cia hoi va long
bing nhau, nghia Ia

Khi ¢6 su léch khic 16n so véi
ti€u) trén dudng cong néu lén sif ph

X=y (4. 15)

Cong thic (4. 15) rong cdc sdch ciia Lién Xo cii duge goi 1a biéu thitc todn ciia dinh
Iuat Konovalov 1T vi duge chitng minh nhur sau.
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Vi phan phuong trinh p; = p; + RT ln% (phuong irinh (2. 42) chuong 2) theo ap sudi

p, 16i dit vao phuong irinh Gibbs —~Dubem II (2. 47°)

M
> ndu,=0 (2.47°)

ta ducgc:

Tl .
Y ndp,= RTinl.ci Inp,=0
i=l i=l

Hinh 4

CHC, —> Thinh phin ~SCH, , CHCl,  —» Thinh phdn CH,COCH,
' @8@‘{*}: khac dm so véi dinh Raoult.

CH,OH - Thanhphdn CHCI, CH,OH -> Thanhphin  CHCI,
Hinh 4. 27 Léch khdc diwong so vdi dinh ludt Raouls.
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D3i véi dung dich hai cau iy
o n,dinp, + n,lnp, =0

) X
dinp, = ——=dlnp, =- -2 dm
| | 2 X, Pz | (4. 16)
R& rang 13 n€u dung dich khi hai cfu tix khon a1 14 hé
a . g phai 13 hén hop khi 1Y tudng thi hai th
p bang fugat f va ta ¢6 bidu thiic tuong tu N vipad
n X
dinf, = -2 dInf, =— 22
= e dinf, d‘(\m.lﬁ'}
D€ don gian ta bd bét chi chiy phia dudi & néng do va hitu X; = X, khi dé \Qx. Vi ky iiiéu
nhy vay phuong trinh (4. 16) trd thanh: A‘ '

- (1-x) dinp, = —x dInp, 0

Vi theo dinh luat Dalton
’ p=Pyvap = ;
trong do, nhu ta d3 ky hiéu, y 13 phin mol ciia ¢

dp, X
Ap suft téng cong P béng tdng cdc ﬁ%)sﬂgumg phén p, :
Dit bidu thic dp, vira nhén du%ﬁg'én vio biéu thiic viét cho dP, ta c6:

| C} dp =[1 . ﬁ_ﬁ__%] dp,
- X
Chia hai v& % i 56 bi
o e @ uong trinh cho dx r6i quy déng méu s6 bidu thiic trong ngodc vuong,

dP=E—-x)y—x(l~y)_dpl= y—-x dp,
dx .(l—x)y dx (I-x)y dx

Céc diém cyc trj trén cic dudng cong thoi man diéu kién SE= 0, c6 nghia la :

y—Xx dpz_

(1—}{)}" dx

0
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s e e aan it A AT

d ; " L o .
D61 vai hé bén % bac gid ciing 1a duong (khi ndng db x cia cdu tlr thi hai ting 4p
%
sudt riéng phin p, bao gid cling tang theo), nén bidu thide vira nhén duge chi ding khiy = x.

d ; . .
Da do, o = () v&i didu kién, néu y = x va nhu viy dinh ludt Konovalov II di dge ching minh.
X

Lura y: Cong thic (4. 13) cho thily li thanh phédn cla cdu tl d& bay hoi trong hoi 16n
hon thanh phén ciia né trong pha 1ong va didu ndy cé ihé duoc phit biéu nhu sau:

Ap sudt hoi bdo hod, so véi dung dich cdn bing véi né, sé gidu cdu tir ma khi thém cdu
{1t ndy vao hé lam tédng dp sudt tong cong. |

Vé viée tai diém cyc tri clia cdc dung dich dang séi thinh phén ciia pha g@ pha hoi
12 nhy nhau c6 thé dugc phét bi€u nhu sau:

Biém cue tri trén dudng cong dp sudi 16ng céng (holic nhiét dowdifuhe voi trang thdi
cdn bang dung dich va dp sudr hai bdo hod cé thanh phdn cia fz@ oi va long) ld nhur

nhau
Trong cdc sdch cla Lién X6 cii phdt bi€u thit nhit d ;_ 11a dinh ludt Konovalov ilui
nhdt, con phat biu thit hai, nhu dd ndéi & trén, mang 1én i

gi thir hai cua Konovalov,

4.9 SUCHUNG CAT Q‘
4.9.1 SU CHUNG CAT HON HOP n(?‘u TU

Binh nghia: Sir chung cdr &‘ c;-'mi trinh cho phép tdch riéng cdc thanh phdn khdc
P

nhau ciia mér dung dich bang p.’ur hod hot va ngung v dung dich dé.

Chung cit dua trén 51." nhau giita thanh phén clia pha hoi va pha long x#y & can
biing. Su tich nay duoc m@yﬁ cang dé khi s khdc nhau giita hai thanh phin dé cing nhiéu.
Chung cit s& dién ra kf% u d6i véi hé ¢6 gidn dé soi khdc nhau. Ta l4n luot xét cdc loai hé
d. O

a) Hw ¢é diém cse tri
Giin 10 hé loai nay dugc biéu dién trén hinh 4. 28.

Né&u dun néng ding 4p mdt dung dich duge biéu dién bing diém a c6 thinh phén x, va
khi nhiét do tang t6i t, hé chuyén sang trang thdi dugc biéu dién bing di€m b dung dich bt ddu
s0i. Pha hoi cin bing v6i dung dich ndy dugc biéu dién bang diém c c¢6 thanh phin y, va khi
diém biéu dién hé dat 16i dudmg soi thi nhiing bong béng hoi ddu tién xudt hien. Hoi véi thanh
phdn y, gidu cdu tir dé bay hoi B hon 1 dung dich l1ong ban ddu. Mat khdc, sau khi mot luong
10ng nhét dinh bdc hoi, phdn dung dich con lai gidu cfu tir A khé bay hoi hon vi, sau mot tho

= S




Swu tim boi GV. Nguyén Thanh Ti # Google.com/+DayKémQuyNhon

CAN BANG PHA VA DUNG DICH 191

B e B B e w0 B ST

d“i\

A X X Y ¥, B
Hinh 4. 28 So dé mink hoa nguyén tdc chung c‘rﬁ;;&;:\

gian ndo doé ¢6 thanh phin x,. Dung dich ¢ thanh phin x, nhu %&\5 nhiét do t, 16n hon
nhiét do séi 1, cia dung dich ban ddu vi hoi cin bang véi dun @n&y 6 thanh phén y,. N6
ciing giau thanh phin B hon I dung dich. Do d6 phén con lai eGa’ dung dich giau cau 1 A hon
va nhiét d6 soi chia dung dich tang. Diém biéu dién pha ‘n@c chuyén vé phia diém 1, va cusi
cung pha long thuc t€ chi chia ciy ir A nguyén chat 6 nhier do soi t,. Bay gity ta xét phan hoi.
Néu hoi thodt ra tiy dung dich c6 thanh phin ¥, dugc ngung tu va phdn long ngung tu disoc lai
duge chung cit thi né soi & nhiét do t, v h@ ‘: lai gidu cdu tr B d& bay hoi hon 14 phén
long ndy. Néu cit tiép tuc qua irinh ngum tuvd¥hod hoi lien tuc thi c6 thé dat t6i thoi diém ma
hoi va long duge ngung tu tir hoi dé thuctfchi chifa ciu tir B nguyén chat. Vi viy, déi v6i nhimg
hé loai nay, bing phép chung cit ¢o ach hon hop hai cdu tir thinh cic thanh phin nguyén
chat. Phuong phép ndy khong 4p du wgc d6i v6i he ¢6 diém ding soi.

b) Hé cd diém cuec tri 2

Gian dé déi véi \%n&y duge biéu dién trén hinh 4. 29. Day 1a trudng hop khi céc
clu tr A vd B khi ho nhau ¢6 thé tao thanh dung dich dang so6i va khi d6 trén gian dé
nhi¢t do thanh phi sdt dugc diém cuc tri. Khi chung cit hén hgp nhu vay chi ¢6 thé tich
n6 thanh dung dj ng 801 vi mot ciu tir co lugng du so véi thanh phin ding sai C (thanh
phin nay fmg vdi diém cuc tri trén gidn d6). Trén hinh 4. 292 dua ra gidn 48 nhiét do thanh
phédn cho hén hop c6 léch khac duong so véi dinh ludt Raoult, con trén hinh 4. 29b — cd léch
khic 4m so v6i djnh Juar Raoult. Sau khi ndm dugc nguyen tic chumg cdt di duge trinh by &
irén cling dé dang thdy ring khi chung cdt nhimg hdn hop c6 léch khéc duong so vdi dinh luat
Raoult thi hoi béc Ién va duge ngimg tu cho ta dung dich déng soi, con cdu tir con lai trong
trong binh chung ct 1a cdu tir c6 lugng du so vdi né trong thanh phin dang s6i. Khi chung cat
hon hop long c6 léch khdc am so véi dinh ludt Raoult thi hoi ngung duge chinh 1a cdu tir co
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lvong du so véi né c6 trong thanh phén ding soi va dung dich ding s6i con lai trong binh chung
cél.

S NN el S
L=
i

T

F

b)

Ta xét mot trudmg hop cu thé v&qﬁ c6 thé oy [4p Iudn va gidi thich két qui chung cAt
trong nhiing trudng hgp khic. Néu chiir g cil hén hop duge bidu dién bing chim dam (diém
a c6 thanh phén x, (xem hinh (4:29) , c6 nghia I c6 thanh phdn khdc véi thanh phdn ding
501 thi hoi cin bang vdi duc ¢ thanh y,. Nhu vdy 14 hoi gidu cdu tir B hon 13 hén hop
con lai dong thoi thanh phéit ctia hoi tién t6i thanh phdn déng s6i x, . Hon hop con lai, sau khi
hon: A 561 O nhiét d6 cao hon. Diém biéu dién pha 1éng chay theo dudmg
lién c6 mili tén va th h phén ciia pha 16ng tién ddn t6i thanh phdn A nguyén chét. Néu ci tiép

r A.nguyén chét, cdn hoi nhan dugc sau khi ngung tu c6 thanh phén ti€n dén t6i thanh
phdn ding soi (diém biéu dién pha hoi chay theo dudng mii tén dt quang) va cudi cing 1a
thanh phdn ciia hoi 1a thanh phdn ding soi y,. Xust ph4t tir dung dich thanh phdn x,, bing
phuong phdp chung cit nhw vay, khong thé nhin duge cdu tir B nguyén chdt. Do vay, bing
phuong phdp chung cat, chi c6 thé tich dung dich c6 thanh phdn x, thanh A nguyén chét va
dung dich déng soi thanh phdn x, = y,. Ké ludn nay ding cho moi dung dich c6 thinh phin nim
gilfa A va x,. Bing cich lap luan twong 1y cling c6 thé chimg 0 rang bing phép chung cit mot
dung dich nao d6 c6 thanh phin nim giifa x,(x, = y,) va B chi nhan dugc B nguyén chat va dung
dich déng s6i c6 thanh phin x, = v,




Swu tim boi GV. Nguyén Thanh Ti # Google.com/+DayKémQuyNhon

CAN BANG PHA VA DUNG DICH 193

Nhu vay, dé tdch hén hop lEn'ng déng soi thanh cdc cdu tir thanh phén cdn sit dung céc
phuong phip khéc, vi du nhu phuong phdp hod hoc. He mude - rifgu eiylic véi su léch khéc
duong 13 mot vi du ciia he loai nay. Hé nay c6 cuc tiéu (nhiét do soi bang 78,13°C) va & Ap sudt
khi quyén c6 thinh phin ddng s6i v6i rugu chiém 95,57% khéi lugng cha hé. Bang phép chung
cit, khong thé nhan duge rugu nguyan chit néu xut phat tir dung dich ¢é lugng ruou nhd hon
23,57%. Ding phuong phap hod hoc cé thé nhan dugc ruou etylic khéng chia nude. Mudn vay,
ngudt ta cho oxit canxi CaO vao dung dich ding s6i CH,OH — H,0. Oxit canxi (20 vai nudc
hydroxit canxi Ca(QH),, sau dé dé& dang tich C,H.OH khoi Ca(OH), bang cach chung cit.

Nhimg di€u vira trinh bay ciing ding d6i véi nhiing hé ¢6 cuc tidu irén gidn dé ap sudt —
thanh phin (léch khic am). Dung dich axit clohydric 1a mét vi du chia hé loai ni p sudt
khi quyén nudc s6i & 100°C, con axit clohydric - & 85°C, Dung dich chita 20, ua hydro
s0i & 108°C. Bing phép chumg cit c6 thé tdch mot dung dich chifa clorua Q@ hom 20,24%
thanh dung dich dang soi chifa 20,24% clorua hydro va nudc nguyén chi 4y 12 chung cét
khong cho ca dung dich gidu clorua hydro hon 20,24% 1an clorua h @ﬂn chét. Nguoge lai,
ket qud chung cat mot dung dich bat ky chita hon 20,24% clorua 14 nhan duge hén hop
ding so6i va clorua hydro nguyén chit ciing & 85°C. Trén th oai truong hop dung dich
axit clohydric va rugu etylic trong nudc vira néu, con g :@ dung dich ding séi nhu dung
dich axit nitric vi rugu propylic v..v... % |

4.9.2 CHUNG TINH LUYEN Qj?\

Trong phép chung cét don gidn hai flfandugc s& duge ngung tu ngay. Chung cét nhu
vay cho phép tich dung dich iimg phin, 10t thanh cdc ciu tir nguyén chdt hoac thanh cfu tir
nguyén chit va hon hgp ding s6i  _d6i voi
céit nhu vay duge goi Ia chung cdt phd
cong nghiép. Su tich hén hop thi
qud trinh hod hoi va ngung andt cdch lién tuc va ur déng. Khi dé qud trinh chung cit dugc goi
1a chung tinh luyén va __ bico ban dé thuc hién chung tinh luyén duge gei la cér chimg tinh
luyén. Cot chung ' Ven & dang cot véi cdc ngin (cdc ngan con duge goi la cic dia) dugc
biéu dién trén hi@ 30.

Thiét bj chung tinh luyén loai niy gdm ba bo phan chinh: ngan dun I duge trang bi bing
mat thiét bi dun néng 1, c6t chung tinh luyén 11 va binh ngung M1 Cot chumg tinh luyén duogc
trang bj bang hang loat cdc ngan nim ngang duoe goi 1a dia 2 (trén thuc 1€ sd dia rat nhiéu,
nhung, dé don gian trén hinh 4. 30 chi bidu dién hai dia). Dung dich cdn chung cit duoc dun
so bo va dugc dua qua khod 3 viio mot trong cdc dia nim & giita va khi da d6 ddy dia, qua éng
tran 4 chay xudéng dia dudi. Trén dia niy dung dich long gap hoi di tir dudi lén & dang bong
béng qua dng ngén 5 c6 ndp hinh chuéng dim bio cho hoi va 1ong tiép xiic vdi nhau dugc 15t
~ Hoat dong cila cot nhu vay tao diéu kién cho chat I6ng chay tir trén xu6ng lam ngumg tu hoi di tir

13-Héa Ly ND
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HI

Hinhk 4. 3
f.ongdn dun; Il. cor chumg ti

3. khod; 4. 6ng !rcin% ’

égziumg tinh luyén voi cdc dia:
n; HI. binh ngumg; 1. thiér bi dun néng; 2. dia (ngdn);
ngdn cé ndp hinh chudng; 6. khda; 7. binh nging.

L

'%cﬁu tit kém bay hoi hon dugc ngumg tu, con mot phin céu tir dé bay
10ng sang trang thdi khi. Nhu viy 12 hoi di qua 6ng ngén 5 Ién dia trén
giau ciu tr d@ oi hon 1a hoi di xudng dia phia dudi. Trong khi dé chat 16ng chay xudng dia
dudi qua Gng 4 g1au ciu tir kho bay hoi hon 12 chit 1ong tdi dia trén. Qud trinh nay duge lap lai
trén mbi dia va, néu cot chung tinh luyén duoc trang bi di s6 dia va dam bao cho ch€ do hoat
dong clia cdt chung tinh luyén dugc ding thi trén dia trén ciing nhin dugc hoi cha cdu ti
nguyén chat dé bay hoi nhat. Trong khi d6 chdt 1ong con lai & ngan dun gém ciu tir khé bay hoi
hon ci. C6 thé 14y chit 1ong nay ra qua khod 6. Néu hén hop cidn chung tinh luyén chia dung
dich ding s6i thi mot trong cdc sin phdm sé la dung dich dang s6i. Hoi cta céu tir dé bay hoi
nhét dugc ngung tu khi né di vao binh ngung 7. Ngoai ra, mot phidn long nhdn dwge do két qua
ngung tu duoc goi 1a flégme lai duoc dua lai dia trén cia cot dé dim bio cho sy hoat dong binh
thuemg cha cdc dia trén. Qud trinh chung tinh luyén duoc sir dung ca trong cong nghiép lin trong

dudi lén. Mot phan
hoi hon di tir

e P S —— N

i el ]
b A

&
x:
A
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phong thi nghiém. N6 cho phép nhan duge cdc hop phin nguyén chéi hodc it ra cling nhan ducc
cdc phdn cila dung dich gidu mét cfu i nio d6 cha dung dich. Cdc hgp chét thién nhién nhu
ddu mo hodc cic san phim cia ddu md, than gb hoac than bin I3 hdn hop s6 16n cic hap chét
hod hoc khdc nhau. Néu xét viln dé mot cdch toan bo thi nhiéu sin phdm duoc tich ra tir ching
0 gid tri Ion hon nhiéu so voi hén hop ban déu. Phép chung tinh luyén ciling dugc sir dung ring
rdi d€ tach céc khi. R4t nhiéu hop chat nbhu rugu etylic nhan duge do qué trinh lén men, ruou
metylic va axeton nhan duge trong qud irinh chung cit kho gb, ban ddu i6n tai & dang dung
dich lofing, sau dé ngudi ta ding phép chung cat va chung iinh luyén dé nhan duoc ching &
dang nguyén chit.

4.10 NHONG TINH CHAT TONG HQP HOAC KET HOP (CAN
DUQC GOI LA TINH CHAT COLLIGATIVE) CUA D ICH

Dinh mghia: Mér tinh chdr var Iy y dutge goi la tinh chdr t6n %hﬂgﬁf tinh char
colligative néu gid tri do duge ciia né déi véi dung dich lodng 1y 1é w in mol x, cita chdt

tan, nghia la: O—

Yy =KX
Tinh chét t6ng hop dugc sir dung dé x4c dinh § g@g\;han tir ciia chél tan. Nhiing
tinh chat nay-doi hoi dung dich phai di lodng dé c6 ¥c coi Ia dung dich ly tudng.

4.10..1 SUHOA TAN RAN VA KHI TE@@L NG

Sy hoa tan ran va khi trong ldng ph %1 viao bdn chit chit tan (rdn, khi), dung moi, ap
sudt khi trén long p, nhiét do T vi néng a cdc chét tan khdc, V& mat ban chit dung moi va

chdt tan, ngudi ta chi tim duge quy 1 gian: mot chat d& hod tan trong mot chét 2iéng no,
vi du nhu mét chat phan cuc HCI dé tan trong mot chét phan cuc khic H,0, kim loai — trong

kim loai, phi kim — trong hi@? déu trong etxiing v..v...Ap suat it anh huong dén sy hoa tan
ran trong long.
a) Anh huﬁn@%&p sudt i6i s hod tan cia khi trong long
Néng d@ﬁ C; [g/] cua mot cdu il chit tan i ndo d6 duoc goi Ja do hoa tan ciia ciu
tir d6. N6 thuong-dligc biéu dién bing gram/lit. DGi véi dung dich lodng d hoa tan ty 1& voi
phén mol. Anh huéng clia dp sudt 16i do hoa tan ciia rén hoac khi trong 1éng tuan theo dinh lust
Henry.

C6 thé rit ra dinh luat Henry mét cdch don gian dya trén viéc xét cén bing nhiét dong.
Néu trén dung dich c6 mot hén hop khi va thinh phén ciia mbi khi trong hai pha: 10ong va khi la
nhu nhau thi, d6i vai cdu tiri ta c6 thé viet:

i1(khi) == i(dung dich)
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Hing s6 can bing ciia qué trinh nay ; K = ;‘"
i
Do dé
c;= Ky p; hoic x;= Ky p (4.5

Nhur ta dé thdy, phuong trinh (4. 5) va (4. 5' )1a biéu thic todn ciia dinh Iuat Henry. Dinh luas nay
duoc phdt biéu nhur sau:

O nhidt d6 o8 dinh, khéi Ivtong cua khi it tan hoa ian irong mét chdt 1dng da cho 1y 18
thudn vai dp sudt hoi riéng phdn ciia né.

C6 thé riit ra dinh luat Henry bing céc céch khic nhau. & day, dé thargkhio, dua ra
thém mot trong nhiing cich dé. Gia sl néng do chat tan duge ky higu Ia c, d

m, n,M, n, M, 1000p

“=NV %0, M, 7 oM, \\-‘E

D 1000

trong dé: O—
m, - kh&i luong chdi tan trong dung dich; ‘6\
W — thé tich cha dung dich; b@

p — ty khdi hodc khdi lugng riéng ciia dung dich do bing g/em™:
Gid tri n, nho, nén:

M,1000p

Ca 2

\
Pay 14 mot l;gi‘-/ Q{Q\

Mt khéc, d6i v6i chaflan 2 va dung dich lofing c6 thé viet biéu thiic dinh luat Henry:

4

@@ P =Ky X
Thay x, = %@5 vao biéu thic trén, ta duoc:

Mé) |

M, M, 1000p . M,1000p h_

PRy 000 = &F K M, D-ocukfhic KM, W
¢, =kp;

Biéu thifc trén 12 dinh luat Henry nhan dugc tir thue nghiém.

V& mat Iy thuyét dinh luat Henry duoc ridt ra nhv sau. Gia sir c&u tir i trong mot khi tiép
xuc véi mot thé 1ong. N6 hoa tan mot phén trong 16ng. O can bing va & nhiét dé di cho:

The =|.1F. hodccuthela pf =pt +RT]nﬂ=].1fu+ RT In a
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Néu 4p sudt khong 16n c6 thé coi khi Iz Iy twong va f, = p,, khi dé:
| i byl
fn teE T Hio =C" & nhiet do di cho
b RT

Néu dung dich 12 1y twdmg thi a, = X; va X; = kip;, trong d6 k; 12 he s6 hoa tan khi i & nhiét do duge
xet. Trong trudng hop riéng biét, khi d¢ hoa ian nho va dung dich 1a lodng thi, n€u ky hiéu n, 12

n, n, mM
50 mol ciia dung moi, 1a c6: == —L= - trong do M la khéi Iugng phan tir, ¢on
Z“.‘ n, M;m,
m; 12 khoi lugng ciia chat i trong dung dich. Tir dé: Q
M;m,x, d
m; = T o Hé’u [hﬂ}"‘ X = kipi!' ta d“.‘_j::
I

Biéu thic cudi cling vira nhdn dugc ciing chinh 13 bidu thic ciia @fnt Henry.

Dinh luat nay chi ding khi ap suit khong Ién, néu ‘@gﬁ\g thi khi khong duge coi 13
khi 1y twéng nita va khi d6 thay vio ché ap sudt p phai dinglfipat f. Trong trudmg hop chung khi
thyc trén dung djch khong 1y tubng phai viet:

fi K :ﬁu = l.l.i___ (E}A
n—= .
a, RT
fi =Ky, @, v6i Ky, ; 12 hiing s6 & n};@ﬁm da cho,

Neéu a; = | (dung dich chudn), thi K,, /£ §, Ia fugat ctia khi can bing véi dung dich chudn.

I , tr dé it ra:

b) Ankh hudng ciia nkié d6 t6i o hod tan va phuong trinh Schreder
Gia sir ¢ méi ¢ (khi hodc rin) hoa tan trong mot chét long. Phwong trinh biéu
dién trang théi can bi ung dich bio hoa va khi (hodc rin) dugc vigt nhir sau:

&@m tin) 22 i(dungdich) voinhiet hod tan AH,, .
Néu ky hiéu d¢ tan clia cau tir i bing x; (nhdc lai dé hoa tan ciia cfu tir i bang néng do bio

hod ciia nd), c6 thé viét biéu thic hing s6 can bang khi coi dung dich 1a Iy tuong.

X;(trong dung dich)
X, (ran, khi) = 1

theo phwong trinh ding 4p Van’t Hoff:
dinK dlnx; AH,,,.
dT = dT =~ RT?
C6 thé hinh dung qué trinh hod tan g6m hai qué trinh néi tiép:
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- ndng chiy chit rin (hofic ngung tu khi) va;

— trdn 1dn hai chét long;
361 v§i hod tan khi:
'ﬂthm 1an ﬂ'Hn_gu'ng i + ﬂH:ln;m lin
Trong trudng hop hod tan chét rén trong chdl 1ong;
I ﬂHh;ﬁ P I'!"-:[_-[nuf-rq;; chidy + Jc1"j[—]-li':jwtl|'lm.
Méu timlg d[l:h la ]:;' tll'fﬂlg ﬁ[‘lm"mﬁn = (),
Khi d6 ta c6 thé viét lai phuong trinh ding 4p Van't Hoff &p dung cho trudng hop nay:
dinx, L,
h o 4. 17
dT ~ RT? 60 ek

Phuong trinh (4. 17) dudc goi 1a plivong trinh Schreder, tron \Qh nhiét néng chay
mol hodc nhiét ngung tu mol cda cdu ol i nguyén chit. Néu trong kh %’liét dé nhék dinh ma
L; 12 hang s& thi c6 thé 14y tich phan tir nhi¢t dd néng chay [hnﬁc@% tu) cia cifu i i nguyén
chat 1Gi nhiét do T ciia dung djch tng v6i do hoa tan x

fdln:{ **—-_[ =% ] -}&;-}"—) (4. 18)

Phuong trinh (4. 18) cho phép xac d;nh do hoa tan gita cdu tir i.

4.10.2 BO GIAM AP SUAT HOI B@@A CUA DUNG MOI
TREN DUNG DICH %

D6i véi dung dich long, dj

it Raoult 4p dung cho dung moi dugc viét nhur sau:

C}Q I—Pl J:l F'l (l“!{;) S .'E“'?;r;'{m:-
\® E%l,:xz F:r;[ﬁ_x"’ EL&]F}E_} uLLI fT”lL
LliM‘q {

Trong Umr@-@u chalt tan;

P =P, [l-— Xy ¥ X, +x4+...)]

P'1 l:'l “Z (4. 19)

i
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B¢ gidm tuong déi dp sudt hoi bio hod ciia dung moi trén mot dung dich bang phin mol
cua chit tan trong dung djch. Do giam nay cang 16n khi ndng do cha chit ran cang Idn. Néu
chdl tan khong bay hoithip, =P, trong do P Ia 4p sudl tdng cong.

4.10.3 DO GIAM DIEM PONG PAC (HOAC KET TINH) VA PO TANG BIfM
SOI CUA DUNG DICH

Trong trudng hop chit ran khong bay hoi vi khéng két tinh thi phuong trinh Schreder

viét cho dung méi nhu sau:
Ly 11 1
meflen) &

Phuong trinh vira duoc viét cho thdy nhiét do dong dic (két tinh) v n ﬁ% s0i cua dung
dich khdc nhi¢t do d6 ciia dung mai nguyén chat. Ta xét gidn dé néu len s u thudc gitta p va
T trong trudmg hop chét tan khéong bay hoi vi khong két tinh trén hinh 4.31.

Tat ca cdc chat long nguyén chit hoic dung dich soi & @- ma ap sudt hoi bdo hoa
cia chiing biing 4p sudt bén ngoai (dp suit bén ngoai thudmg Lir'dp'suat khi quyén). N&u xét cic

e

dung dich véi cdc néng do x, > Xz... chifa chit tan khé hoi trong dung moi bay hoi thi
cong thic (4. 18) va hinh 4. 31a cho thdy, & 4p sudi nhivdinh, nhiét do bat diu s6i cia dung dich
bao gidr cling 16n hon nhiét dé soi ciia dung moi ng 2h chit cling & dp sudlt nhu vay, nghia la
TailX3) > Tou(Xy) ..> T.(dung méi nguyen 41 A E'uﬁmg cong ddm AB trén hinh 4. 31b
biéu dién 4dp sudt hoi bao hoa cia dung moi ﬂ@uyéﬂ chét nhu 14 ham cha nhiét do. Dung moi
bat ddu két tinh khi 4p suat hoi bio hod Wén tinh thé bing 4p suit hoi bdo hod trén dung
dich. Tir hinh 4. 26b ciing thay dugc 1a/dong dich dong dic & nhiét do thdp hon nhiét d¢ dong
dic cua dung moi nguyén chat @1 €0 T, > TeguiunlX) > Thgiosy (X3) .. Do tang diém s6i (do
ha di€m keét tinh) ty 1¢ thuan véi néng do chit tan trong dung dich va ta 6 thé vier:

N,
OQ AT, =K m
O kélt tinh = )

A =Bm PAVIR i&ﬂ@-f&ﬂj
} AT = K ; E_",I*‘I-'? rrti-usﬁ:hzm
trong dé: g -
E dugc gorla hiing s& nghiém soi:
K dugc goi la hiing s6 nghiém lanh;
m - noéng do molal, s6 mol chit tan trong 1000 g dung méi.

Bay git ta tim biéu thitc cho E va K.
Inx, = L] L.
TR T
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| l:j\ Khi con hai cfu iy th h¢ 16ng s6i & nhiét do/oi kkhéng ddi. Khi mot 16p hoan 1o béc
hai t . qud trinh s6i ngung lEi va nhiét do soi ting tg nhigt do soi cha cdu E.i':;' cf:rz lai mli
Ngudilta sir dung hién tu g gjﬁl ':I:‘Et dd s6i ciig hén hop léng — Iong tao |:.L‘." ﬂg a
hoan nhay/ dé chimg ¢¥tsheo hjfi nudc, |

4. 11.

hiditgc nung néng t6i n

: ﬂ%}’khﬁng the nhin-due

_. .Né;u nh;{?ng chét rfhu vivheits

nzoic; (NO,),CH, - dinifrometan; CoBe]
+2)2Cyitls dinitronaphalen; * C.H,(OH)CL “isck

clia cldng thip hon

R d hé long s6i

hiét do thap hof nhigt Rig soi
i1 nguger che

— 1ot phﬂnnl!;

| chung cat clrfng bﬁ"ﬁgl cﬁci"hch”?ﬁﬂ E}; sudtkao cho nhiét do
nhiét do phan huy ciia chiing vi churg cfft nhimng chit nhu vayeo --
;:.r nhiét do thap ho(ﬁ'l}j’?EK. Neu coi hén hop khi tren 1dng 12 1y tfng\Jit An sudt cia khi bt ky
rong hén hop khi bing b ta Blolitadie:diar stk y 4 i dighad i Ei{;’?‘f}ﬁn hop, nghia 1a:
a) sutdng didm séi ciia d‘lﬁ% g;_._:,lp.! I;';g_; b) sg'ﬁ didn két tinh cia dmtgqg?::h% 4 1a;
2 3L ? X :

oang .
Bay gits ta tinh | : L thi :
¥ 810 ta tnh lugng nude m11£ Eﬁli ifu c %“Hﬁffﬂ-..llﬁ £bgS %o thanotdich

— Ta ky hiéu x, + X3+ ... = 0 X,
lodng), nén c6 thé khai trién In (1-x) thanh sau:
Ny.0 m m x®  xd
YTHo = ; R L. L s =
oy g +n H;0 % ¥ gﬁ"‘_—n‘“fs ;KJ%E—,nen

X H,0O
o
Yup. M Q x ;ﬁiﬂﬂmﬂﬂk 18 PEIG
h 5

=127, 1a Rio, iBhT, T2 9§

J}

N‘E‘r'l.l Cﬁﬂ Chlmg c \%ﬂhﬁ.t X ]'lEll‘J dé nehia 13 2 .

"y . ,nghia 1a RE 1 kg, theo hai nuéc thi

16 thi€u my , cdn dé %h chung e hfrvay«fiige tph theo cong l:hlr»:l:Il PRAmEnE
c tin) _

Bﬁ'@igm h soi: L, {@%}
- ua trinh SO Lngaigny, pe ‘I.é* (4. 23)

X Mw: T
D6i véi qud trinh dong dic (két tinh): Ly sy >0 = T < T, nén c6 thé viét biéu thiic

4. 13, DI GABIRIEA NSGH MERNET ATl 599
H UNG PIN AT NA

VAO SU CHIET | RT? RT: PULQTNAY,

_ ) A =|T-T, Sx= —° |

4.12.1 PINH LUAT PHAN B3 _ LT M,

tronBa8dTNE bl dehoblvigngopham 1l asd yngmg) fkllﬁ jét ngume tu (hodc ndng chay) rieng

thit behadinhg mioi. NEoHS mokoiaphit ip bing ﬁﬂﬁhgﬂ;{f -[%]1{ ]:1’]%,; n m&ﬁﬁmhé"cz E'l‘ghyg% I8
duoc.gei Bhaindn/ s ' : b Biltt Haidp 1ong théo mot dinh luat
- Lty OB IbeRENBR s DT &t 1ap vao nam 1890 nén dinh luat nay duge goi la

X,

===
—
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n m ; -
X = 1000 = 1000 vim nho nén cé thé viéi:

it P_'lr'il m+—M-r--

mM,
1000

X= Dat gid tri x nay vao biéu thifc cho AT =’T — Tu’ ,ta co:

RT,mM, RTm
¢M,1000 10002

RT:
{ Y. 21)
lﬂﬂﬂf
Phuong phédp dua trén do gidm nhiet do két tinh cia dung dich so v |
cia dung méi nguyén chit duoc goi 1& phuong phdp nghiém lanh (cé

hdn), con phuong phdp dua trén do ting diém soi cia dung dich so véi,
dung moi nguyén chat duge goi 1a plirong phdp nghiém séi (nghiéh phi):

AT =

c got la nghiém

iét nhiét do s6i clia

Néu ky hiéu:
kh6i luong cita dung moi 1a G, k i@ng ciachittanla g

1000
irong d6 m la néng do molal ctia dung dich, M - k@g phan tir clia chét tan thi:

_1000g 2
m = MG O Qo \x

AT=K D M=k 12008 4.22)
o = ATG (

Biéu thitc (4. 22) cho hég,\‘éc dinh trong lugng phén tr clia chat tan theo do ha di€ém .

két tinh cia dung dich chii n do. Twong tw, cling c6 thé xic dinh trong lwgng phén tir clia
chit tan theo do tang dié . Cin Iuu ¥ 1a két qua cua phép xéc dinh nhu vay chi diing khi
khong c6 su lién hop n ly va phuong phdp nghiém lanh cho két qua chinh xédc hon phuong

phidp nghiém sﬂO

4.11 CAN BANG LONG HOI CUA HE HAI CAU TU HOAN TOAN

KHONG TAN LAN
C6 thé 14y céc heé sau:
H,O - rugu amylic (pentalic)
HED _ hEIIEEH

 1am vi dy vé he gém hai c4u tir hodn toan khong tan in
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4.11.1 AP SUAT HOI TREN HE LONG GOM HAT CAU TU HOAN TOAN
KHONG TAN LAN

Né&u hai chat long khong tan 1dn thi, & nhiét d6 xdc dinh, 4p sudt hoi bdo hoa ciia ting
cdu i wén dung dich bling 4p sudt hoi bo hod ciia chét 1ong d6 nguyén chét, con dp sudl hoi
bdo hoa tong cong P bing tdng 4p sudt hoi cla hai chit long nguyén chét ciing & nhiét do do,
nghia 14:

pi=p; vadodé P= p} + p?
Thanh phén hoi khong phuy thudc vao thinh phdn idng va néu ky hiéu ghanh phén hoi
cua cdu tli thi hai bing y nhu thudng lam, thi thinh phin ciia timg cu tlr 66 @c ic dinh bang

cic hiéu thikc sau’ \Q\
|
B

L]

P2 o~ V& thinh phin cia cdu ti thi nht 1-y =—— : “%

@}

}I‘: ]
Py TP

Prne |L|u_|,.'|:-',q‘:‘:!1|I1 : - %Q}

\@ ij,:lfmhfmhl;!].'-T g

Hin@z Nhiét dj soi ciia hé hai cdu it hoan roan khéng tan Idn .

[)Qgsuﬁ’t tong cong trén 16ng P Ién hon 4p suat hoi cha timg cdu o nguyén chit p,< P
> Pp, 1€n nhi€t do so6i ciia hé long nhé hon nhiét do soi clia c4u tir c6 nhiét do soi thip nhdt.
Nhiét do s6i clia h¢ nhu viy c6 thé duge xdc dinh duoe bing phuﬁng phdp d6 thi nhw trén
hinh 4. 32, nghfa la ddu tien dung duding cong a dé thi p — T cho mot c4u tir, sau dé tai diém gid
tri dp suédit bang dp sudt khi quyén ldy gdc toa do méi (diém O dung dé thi p — T cho cdu tir
thi hai v6i dp sudt hoi cBa cdu tir ndy trén heé 1dng ting theo chiéu nguoc lai trén d6 thi. Ciing
dé hiéu 1A néu lﬁy diém cét hai dudng cong do dong xubng truc hoanh thi diém cit véi truc
hoanh cho ta nhiét do séi clia hé nhu vay.




Sweu tam boi GV. Nguyén Thanh Tu # Google.com/+DayKémQuyNhon

CAN BANG PHA VA DUNG DICH 203

Khi cdn hai cdu tir thi he 16ng s0i & nhiét dé soi khong déi. Khi mot I6p hoan toan béc
hoi thi qui trinh soj ngung lai va nhiét do soi tang t6i nhiét do soi clia ciu 1y cdp lai irong binh.
Ngudi ta sl dung hién tugng gidm nhiet do soi clia hdn hop 1ong ~ 1ong tao tir cic cu i
hoan toan khong tan 1in viio nhay dé chung cét theo hoi nude,

4.11. 2 CHUNG CAT THEO HOI NUGC

Nhi€u hop chat hif co phin huy khi duoc nung nong 16i nhiet do thdp hon nhiét do soi
binh thudng cha chung. Trong trudng hop nay khong thé nhan duge chat nguyén chat bang cich
chimg ci ching & ap sual khi quyén, Néu nhiing chét nhu vay hoa tan irong nude nhu:

CHS0.H —axis sunfobenzoic: (NO,),CH, - dinitrometan: COBr,~bromua

CsH,JOH - jot phenol: (NO,),C, H; dinitronaphtalen: GH,(OH)C1. henol

thi ngudita chung cat ching bang cich chon 4p sust sao cho nhiét do sai chﬁng thdp hon
nhiét do phan huy clia chiing va chimg cit nhitng chat nhy vay theo hoj hwde, Khi dé he [ong s6i
& nhi¢t do thdp hon 373K. Néu coi hdn hop khi trén I6ng 12 1y rwing iy

trong hén hop khi biing tich phdn mol ciia né nhan vdi dp sudl r.-'- CONg cha hén hop, nghia 1a:

Pho=P¥y0: Py f@
Bay git ta tinh lwong nuwée m H,o 01 thi€u cdn humg cdt 1 kg chét x ndo d6 theo hoi

nuac,
Ny,0 " m, ;
= P Dy o= P M, =—" nén
Y0 Nyo+n, ' MO M Nyo+n, " M
Yu,0 _ 18 P
Y, M, p; |
Néu cin chung cit it x ndo d6, nghia la m, = | kg, theo hoi nuée thi hwong nuée

tdi thiéu my o cin dé E@ chung cdit nhu vay duge tinh theo cong thifc

0 Pho 18
o 4.23
C? o = he M - e

-

4.12 DINH LUAT PHAN BG NERNST VA AP DUNG DINH LUAT NAY |
VAO SU CHIET

4.12. 1 DINH LUAT PHAN BG

Xét mot hé cin bing g6m hai 16p cdc chat Iong khéng tan lin vao nhau. Khi dua chat
thit ba vao hé nay thi cdc hat ctia chéit thi ba s@ phin bd giiia hai I6p long theo mot dinh luat
dugc goi Ia dink ludt phan b6 duge Nernst thist 1ap vao ndm 1890 nén dinh Iuat niy duoc goi 14
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dinh lugt phdn bd’ Nernst. Néu ky hiéu th€ hod (hoic th€ ding 4p mol) cha cfu il thif ba trong
pha thi nhat bing ,, thé hod ciing ctia ciu tif niy trong pha thif hai 13 1, thi ta cé thé viét:
py=pud+RTInx; vd py; =p5 +RT Inx,

O trang thdi can biing 1, =p,, nén _
&

Py =pd+RTIn x; =p +RTInX, =p; = pd-p§ =RTIn xf
3
X pTopg o ox s
X, RT X,
1»,'
O nhiét dd xdc dinh v& phai cha biéu thiic vira nhin duge 12 mot hing s6 nén @g:‘ ciing phai
13 mot hang s6 v hing s6 ndy duge ky hiéu la k, khi dé
L
5ok \55 (4.24)
Biéu thifc (4. 24) 12 biéu thifc todn cha dinh luat phin bs. Dinh Init fidy duge phét biéu nhu sau:

¢ phid tHudc ca vao 4p sudt va cdc chit khic nita. Néu dua

nhiét do. Trong trutmg hop hé thuc thi
mot s6 chat vao hé hai pha can bing lf*titdng thi & nhiét do nhit dinh méi mét trong nhilng chat
dé phan bd giffa hai pha phdt hgp véivhé s6 phan bd cta né. Dinh lut phan b duge phét bidu &

dang trén ding khi: ' |
— nong do ch.ﬂ'ﬁ@ b6 trong moi pha khong 16m;
— chit kho én thay ddi ddng k€ dén do tan l4n clia hai pha 1éng cin bing.

Néu chii ph ita hai pha long phéan ly hodc lién hop trong mét hodc trong ca hai pha thi
biéu thic cia luit phan b6 s& khéc.

Vi du: Néu chit c6 cong thiic phan tlr & dang chung CA phén ly trong pha 1 va lién hop
trong pha 2 thi dinh luét phan bd c6 dang:
.k o (I1-a)
!J_{; L]
trong d6 o 14 do phén ly chat CA wong pha 1, n — s6 don phan tir chit nay lién hop thanh phifc
lién hop trong pha 2 van =%{3~ e day M, 1a khéi lugng phan tir chit CA trong pha 2, con M, -

1 .

r e R T S e B S EE R

B mem n rm e n  — — ——— =

Ry I I S e [

- i sy ] Mt i




Sweu tam boi GV. Nguyén Thanh Tu # Google.com/+DayKémQuyNhon

CAN BANG PHA VA DUNG DICH 205

khéi lwgng phin tli CA rong pha 1. Trong trudng hop chdi khong phan ly va khong lién

c,
hop thia=0,n=1vak= -r::_ Néu chéi chi lién hop trong pha 2, khéng phan !y trong pha |
2

thi biéu thifc clia dinh luat phéin b6 sé la:

€
Trén thuc € dinh luat phan bd dp dung cho dung dich kha dic, nghia 12 cho céc dung
dich thuc nhung vi hé¢ sd phan b6 dugc x4c dinh bing 1y s6 ciia hai néng do, nén léch khéc so
véi dung dich 1y tdng b trir nhau. Dinh luat phan bd Nernst cho phép, dua trén gid trj he s6
phan bd cila mot chdi nhit dinh, xdc dinh do phan ly hoac dé lién hop cila chit nay t@rg dung
méi nhdt dinh, tinh hang s6 cin bing cla phan ting xay ra trong mét pha.

4.12.2 AP DUNG PINH LUAT PHAN BO VAQ SU CHIET é‘:\
Dinh nghia: Rit mét chdr ndo dé ra tir hén hop béng dung m@g tmg dige goi la
chiét. '

Dua trén dinh ludt phan b cd thé tim dugce diéu kién @ ¢é loi nhat, Dinh ludt phan
bd cho thﬁ’y,_gﬁng_“m:}t dung méi nhit dinh, cé thé riit ch @__ hon hop tron ven hon ¢ néu

khﬁng diing ngay toan b th€ tich dung moi dé chiét ma ehiané thanh nhiing phin nho 56i ding
timg phﬁgl_ltdﬂ;'m do tudn tu’ tlEn h&nh im n-:':u ky hiéu:

W, 14 thé tich clia dung moi thit nhat ch@ (kg} chét tan,

V, — thé tich chia dung moi thi haj \
X, — lugng chit con lai trong éj:ﬁi 1 sau ldn chi€i thit nhat.

Khi d6: m, — x, 1a lugng chat chugrf sang dung méi thit hai. Néu khong ¢6 su phan Iy hoic 8
hop thi néng do can bing dife dinh nhu sau:

O a=fh at®
S5 ' =

Theo dinh luat p@
€ : v,

k = e Y g

) = kvim"_ kle| - Iivz — kV;Inu= I](vz 4 kvl) va

kVm,d
MY, kv,

Sau khi tich dung dich thit hai khoi dung dich thit nht, ta lai dé ‘U’z — lm:mg dung moi

X, va trong dung méi thir nhﬁ’t con X, [kg] sau 14n chiét thi ha:. Turcmg u;, nﬁng d-:;- cén bing cla
hai pha dugc xdc dinh béi cdc biéu thic:

|
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Xy Ky = Xy
s g — e
v, BTy
So véi lan trude X, dugc thay bing x,, con m, dugc thay bang x,, do dé:
X RV, khi il id tri x, ba AN, é
4 V, +kV. y gid tri x, bang v, +kV, vao biéu thiic cho x; ia duoc

kv, Y
R Bllg] o= rmee——
V, +kV,
Vi 1ap luan nhw vay c6 thé viéi biéu thiic cho truong hop chiét n 1dn. Khi d6, Ivgng chit x, con
lai trong dung moi [ sau Idn chiét thit n duge xdc dinh bdi biéu thife: .{\

kv, Y
X, = m [v TRV J | \(_\ (4. 25)
kV, E

Vi V. 1KV < 1, nén tir he thifc viét cho x, ia thdy la n cang Im@c&ng nho va cang chiél

nhiéu lan thi két qua chiét tir dung moi 1 bing dung moi 2 ¢ dis.
Vidu4.3 védépdung cong thiic (4. 25) -

&

= TR LA

t%uu A 'L"'I |-I' R e T s

b) Sau ndm ldn chiét va chia Im;mg dung moi dhng ﬂé ch1€t thﬁn]:t 5 phﬁn

*zm_{ 1,67.10%2.10" Ji( 334 %107 )’
: 1,67.10%2.107 +0,01.107) "\334x107° +0,01) -

Hé s6 phan b6 iot I, giita nude va sunfua n CS, bang k = = (,00167. Hoi:
Lugng iot ¢6 jj;é riit ra tir 2.107 m' mufrc - iot 1a bao nhiéu, néu:
a) ding 0,05.10”° m® CS, chiét ;%1 gt R
b) ding luong CS, dé chiét .
O Gidi
a) Chiét mot lin: C) -
: " 1,67.10% x 2,10 N
e Ky = @ —'l':l 125.107° kg
| O 167107 x 2107 +0,05. 107 -
Nhur vay 1a t mot ldn thi lm:mg m[ c:‘;‘m lai trong num ch1€n1€ 25% luqmg iot han dﬁu

0,00334
0,00334 + 0,01

5
Xs=2.100 5.( ) =2.107x0,25" = 2.107x9,7656.10™ = 1,953.10™ kg
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Nhu vy 12 lugng iot con lai sau 5 1dn chié chigm 0,1% luong chéi ban ddu. Qua vi du
irén ta thdy, diing ciing mot thé tich dung moéi dé chiét, néu chiét lam nam l4n thi thuc & c6 thé
chiét hodn ioan iot tr nudc.

4.13 AP SUAT THAM THAU
4, 13. 1 HIEN TUQNG THAM THAU VA AP SUAT THAM THAU

Ldy mot binh hinh chit U va d6 dung dich vd dung modi vao hai nhdnh cha binh. Hai
nhdnh ndy duge ngan cdch nhav boi mang bdn thim nhu duge biéu dién trén hinh 4. 33,

Mang bén thﬁm cho ph&n tr dung moi di qua ty do nhung khﬁng cho céc h T tan
, dich nén
bl

| Hinlﬁk;@ a) Hién twong dp sudt thdm thdi;
(:b b) Dung cu don gidn dé do dp sudt tham thdu.

Qud H‘."@H}ﬁh dung ndi qua nang bdn thdm digc goi la su thdm thd. Ap sudt
thaim thdiu chinh la hic trén don v} di¢n tich buge dung moi di qua mang ban tham vao dung
dich. Ap sudt cdn phdi thue hién doi véi dung dich dé cdn trd su thdm thdu bing dp sudt thdm
thdu cia dung dich ¢ nhiét dé nhdt dinh. Do tham thiu, mifc dung dich trong nhdnh trdi (Hinh 4.
33a) hoac trong binh 1 ting (hinh 4. 33b) tao thanh mot dp sudt bé sung cén trd thidm thau. Khi
dp sudt bé sung duoc xdc dinh béang cot h dat gia tri nhit dinh thi 4p sudt niy lam ngimg qud
trinh thim th&u. PGi v6i dung dich dudng mia trong nude, dé do 4p sufit thim théu, ngudi ta
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diing mang ban thdm tlr Cu,Fe(CN),. D¢ tinh 4p suat thdm th&u ciia dung dich lodng, Van't
Hoff da dua ra cong thijc:
n,RT m,RT

~cRT = a 4,
X=C v M,V _ (4. 26)

trong d6 m, 12 khéi lugng chét tan, con M, 13 khéi lugng phén tir chét tan.
C6 ihé phdt biéu vé cong thiic (4. 26) nhu sau:

Déi véi dung dich lodng, dp sudt thdm thdu bing dp sudt do phdn ik chdt ran gdy nén
néu né o dang khi 1y nedng chiéin ihé tich bang thé tich dung dich.
8ir dyng phuong winh (4. 26) dé xdc dinh 4p sudt thdm thau, cé 1@ todn trén 1y

thuyét cdc gid tri dp sudt thdm thiu cia dung dich, néu biét nong do ‘ﬁg cia dung dich

d6. Ngugc lai, & nhiét do da cho, c6 thé xdc dinh duge néng do ciia ich ciing nhu trong
W

lugng phan tlr chia chét tan. SN
a . At o A \& ;
4.13.2 Y NGHIA CUA AP SUAT THAM THAU O

O\
P61 vai hoat dong séng clia dong va thue vit, su@n thiu cé ¥ nghia l6n. Cic qud trinh

tiép thu thifc an, trao ddi chét gin chat véi do th rgimac nhau cia nuée va cic chat tan qua
thanh t€ bao clia cdc co thé séng. Sy thim thiu cing'ldm cho nudc ding lén dugc theo than cdy,
tang trudng t€ bio va cdc hién tugng khdc ﬂﬁag’:‘m céc 1€ bao thue vat nudc duoc it tir dit va
4p sudl tham thdu trong qud trinh hiit nhu'vay dat 16i 15 - 20 atm., con & mot sd thuc vit & viing
sa mac va dit nhiém méan — t6i 170 al}q}éan hwu ¥ hién tuong plazmoliz vi turgor. Ta gidi thich
hai hién tugng nay, néu ra uguy&n{ﬂ@i £ay nén nhiing hién tuong dé. Néu dat 18 biao vao dung
dich ¢6 ndng do bing néng do ﬂmm trong t€ bao) ciia t€ bao thi trang thdi t&€ bao khong thay
ddi do dp sudi thim thau I:rnﬂg,lé’ bao va trong dung dich nhu nhau. Nhilg dung dich nhir vay
mé & ndng do va nhié %hu nhau ¢6 dp sudt thim thau nhv nhau duge goi 1i céc dung dich
isofonic. Trong cic {“ﬁ dich mudi néng do cao c6 thé thdy dugc 1a 1€ bao bj dim lai (hién
13 ptazmoliz) ma nguyén nhan 1a t€ bio bi mat nude do nude di tir t&€ bao vio
ai nong do cao hon. Khi do, 4p sudt thdm thdu ciia dung dich bén ngoai 16n
€ bao va dung dich dugc goi 1a hypertonic. Néu dit t€ bio vao dung dich c¢6 néng
do thip hon néng do jus t& bao thi nuée duge hiit vao t& bao. Két qua 1a thé tich t& bao ting va t&
bao & trang thdi cang hodc duge goi 1a furgor. Diéu nay duogc gii thich 1 4p sudt thim thiu cla
dung dich bén ngoai thdp va dung dich niy duoc goi la hypotonic. Su thim thau dong vai trd
quan trong trong ddi song cia cdc co thé dong vﬂt.ﬁ@ sudt thdm thiu trong méu, trong limpho va

trong cdc t€ bao cia con ngudi dat (6i gid tri 7,7 atm. Co thé con ngudi c6 khé nang gii ap sudlt.
tham thau & miic khong déi. Khi thay ddi dp sudt thim thiu co thé ¢é xu hudng khoi phuc lai 4p
sudt do. Vi du nhu ta an mot luong 16n nhimg chit tan nhw mudi, duong thi 4p suii thim thiu
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thay déi. Nhu cdu ciia co thé dua dp sust thdm thiu 16i mic binh thudng gay nén cam gidc khat
nwdc.

Nhur ta da biét, dé bdo quéan thuc phdm, ngudi ta sir dung mot luong dudng hodc mudi
I6n d€ bao quan thyc phim. Trong trudng hgp nay, do ndng do cita dung dich 16n, cic vi khudn
bi plazmoliz nén khong thé s6ng duoc trong didu kién nhw vay.

14-Héa Ly NB
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BAI TAP CHUONG 4

1. G 1 atm nuéc sbi & 100°C, nhiét hod hoi Ia 2249,25],’3, thé tich rieng V, = 1 mlfg, V,
= 1656 mi/g. Xdc djnh nhiét do soi & 3 atm. Syl

T -\.-"?' 11_'2' l-.l ol
DA $6: Tyt e = 155,67°C AT - __'__;_"..-,_,f._._ A
i ¢

2. ﬁ.p sudi hoi cha axit xyanhydric HCN phu l;hufm nhiét do theo phwong trinh:

1237
Ig p (mm Hg) = 7,04 — —

T
Tinh: d{\

a) Nhiét dj soi ¢ diéu kién thuomg. \(\
=g b) Nhiét hod hoi. \\ “
Diap s6: a) T e = zsrafc; h] Ao i e = 5659 calfmﬂl.@, uon = 23673619 J/mol
3. Mot hon hop 40% phenol trong nudc phin 1 iop. Ldp thi nhﬁl chita 70%
phenol vi 30% nuéc, I6p thit hai chita 8% phenol va t@mc Xéc dinh kh6i lugng méi 16p,
néu lugng hén hop téng cong 1a 1 kg
Sidns

Dip s6: a) Khéi lugng lop Ihu’ nhit @D

b) Khéi luong I6p thit hai 484 kg,

I.n_-._'

4. O 25°C ap sudt hoi nudc »/ mm Hg. Tinh dp sudt hoi & nhiét do dé ciia dung
dich 10% glyxerin trong nudc. 0

Diap s6: 23,15 mm

« 5. Hoi tan 0,6 phtalm CioHy trong 43,25 g dioxan C,H,O, thi d6 tang diém soi
1a 0,364°C. Hna tan hit A vao 45 g dioxan thi do ting diém soi I 0,255°C. Xdc dinh
trong phin l

Bﬂp ong luong phén tir cia chat A: M, = 210.

6. Mot dung dich nuw6c két tinh & —1,5"C. Xdc dinh:
a) Hhi@t dd s6i1 cua dung dich.
b) Ap suiit hoi ciia dung dich & 25°C.

Ap sudt hoi nuéc & 25°C 14 23,76 mm Hg. Hing s6 nghiém lanh v nghiém sm clia nudc
lin luot 12 1,86 va 0,51. g
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DAp s6: a) T, = 100,4113°C
b) Pavng dich = 23,415099 mm Hg

7. Xét mot dung dich gdm 30% toluen va 70% benzen (theo khéi luong) & 30°C. Xic
dinh:

a) Ap sudt hoi téng cOng clia dung dich va 4p sudt hoi riéng phdn ciia benzen va tolue.
b) Thanh phan hoi (theo phdn mol) can bing véi dung dich & 30°C.A p sudt hoi clia
benzen va toluen ldn luot 12 120,2 va 36,7 mm Hg.

Béipsé:a) P= 9‘?9[155111111 Hg; pc .y, = 88,1066 mm Hg; Pencn, —9?989@]-13

b) Yeu, =0.8999 ¥ u.con, =0,1001 \qg

ic dinh su phan b6
ufdugng cla rugu rong

8. 025°C,he s6 phan bs ciia ruou giita CCl, va H,0 la EI'
1 g ruou trong hdn hop gém 20 ml HI{} va 50 ml CCl,. Cho bl&'fflﬁbl

hai dung moi bang nhau.

Ddp s6: 856 gram ruou irong CCL m,:lH oy (lrong C@ 0,0567 g.
S6 gram rugu trong H,0: 1ﬁc u,on (trong H,0)

9. a) Céc chét A va B tao thanh dung dichig ong. C6 mot dung dich gém 1 mol chit
A va 2 mol chdt B can bing véi 4p sut hoi ci 5@; C dudi 4p sudt tong cong 13 250 mm Heg.
Néu ngudi ta thém 1 mol chit A vio dun@h}' thi 4p sudlt tong cong ting lén t6i 300 mm
Hg.

Tinh dp suét hoi bdo hoa ¢ Bnguyﬁn chat.

b) Ap suit hoi ciia (Qj ung dich nuée ¢ 100°C bang 700 mm Hg. Tinh hoat do ciia

nuéc H,O trong dung dich. @jﬂ lai 12 nudc s6i & 100°C. '

Dép s6: a) p,, mm Hg

@15& mm Hg

ay.0=0921

10. Ap sust tong cong irén mot dung dich nudc chia 4% (tinh theo mol) NH; biing
50 mm Hg. Ciing & diéu kién nhu viy 4p suéit hoi nuée tinh khiét 13 17 mm Hg. Tinh 4p sudt
riéng phén cua NH, va cia H,0 ciing nhu dp suit ui'-ng cOng trén dung dich chifa 5% NH, (ciing

tinh theo mol).
"E-si {{

Lhs o8

'\""—-\._

h":ﬁ s
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Dap 58 py, = 42,1 mm Hg ; TEEE B ,| ’|_ .
Puo = 16,15 mm Hg ) i s A I

P rtog cone = 58,25 mm Hg

11. O 4p suat nio nhiét do s6i ciia nudc s bang 97°C, biéi rﬁng nhiét hod hoi cla nude
bing 538.9 cal/e.

Dip s6: p, = 683,6 mm Hg ki W ,:’

12. O dp sust khi quyén, nhiét do s6i ciia nuée va cloroform CHCI, ﬁng 100°C va
60"C tong img va nhiét hod hoi ciia chiing twong Gng bing 12,0 va 7.0 kecal/mbIN\Tinh nhiét db

561 ma tai d6 hai chii 16ng cé ciing mot 4p suit. }f it \(.\
Dép s6: T = 448 4K 3 I %

* 13. Nhiét do va 4p suft tuong *ﬂg cia cdc dang thi
thdi cén bang 14 95,4°C va | atm. Néu trong diéu kién nay

thi thé tich ciia n6 tang len®0,1395 mi] & 4p sust nao,
_....__,‘=_____.|:".—'
X4y ra & nhiét do 1a 130°C? Nhiét bién dﬁi dang mq\t_.

Sl‘n_lull'lm = Smguien A '
lugng phﬂn Q

& 1 atm biing 2,67 cal/g. Khéi = 943 2, Jr' / g\

J

Dép $6: 2) 50 iy = 47°C. ‘ &
b) 1,35 kcal/m |

Y14, O 46°C ap sust ‘::u‘cua chét A long bing 50 mm Hg; 4p suft hoi clia A rén ciing &
nhiét do dé bing 49,5 g 0 45°C 4p sudt hoi clia A 1ong 16n hon ciia A rén Id | mm Hg,

yc thoi v mot xién & trang
2 Sty weibi€n d6i thanh S,
bdng atmosphe, bién d6i nhu vay

hiét do nong chay va;
b) wiﬁ&t nong chay va nhiét thang hoa ciia A, bi&t nhiét hod hoi bing

Dip s6: a) €5, auy = 47°C.
b) 1,35 kcal/mol.
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Phu luc A

Cac dai lugng vdt Iy va don vi do chiing

Bo mét dai luong vat 1y 12 so sanh véi mot lugng chudn dugc goi 1a don vi ciia dai luong
d6. Nhu vay 12 mo ta mot dai luong nao d6 gém hai phén: |
— Mot s6 biéu dién s6 1dn don vi phai dugc sir dung dé cho dai luong vat Iy dé.

~ Ban than dai luong vat 1y,

He don vi SI (SI 1a 14y tir céc chit cii ddn cha Systéme International d'Unites c6 nghia 1a
he¢ don vi qudc t€) dua trén bay don vi co ban dugc dua ra trong bang sau day. Hédac biet nay
dugc Hoi nghi toan thé ldn thi 14 vé Trong lwong va Po ludng nam 1960* Q{K 1a va dugc

coi nhu chinh thitc vé phép ly.

Ky Tén, Ky
kigu donvi  hiéu

o

ﬂf;tlﬁ'ng dai do dai don
; lrgng  luong vi 51
vat Iy
Chiéu dai I mét m

Khéi luong m kilogram kg

Thin gian i gidy §
Dong dién / amper b
Nhigt d6 T kelbi K
nhiét dong

Luong chit n @o mol

Cubng dé I, candela cd
phir sing

©1/299792 458

il cila-mot quing dudng ma dnh sing di qua
trong chén khong trong mot khodng théi gian bing
«Clla gidy

khdi luong mét miu géc qudc 1€ cho
kil . .
j oang thoi gian 9 192 631 770 chu ki clia biic xa

Gi
L gﬁi su chuyén déi gilta hai mie siéu tinh & trang thdi co

per la dong dién ma, néu dugc giif nguyén trong hai day
din song song dai vo 14n ¢4 ti€t dién khong dédng ké va dat
cach nhau 1 mét trong chan khong, s& gdy nén giita hai day
din nay mét Ivc biang 2x107 niuton trén mot mét chidu dai
kelvin la 1/273,16 nhiét d6 nhiét dong clia diém ba ciia miréc.

‘@3 cua nguyén iir Ce (cesium—133)
m

Mol Ia lwong chat clia mot hé chira s& hat bing s6 nguyén tir
co trong 0,012 kilogram carbon—12. Khi sit dung mol thi céc
hat phai dugc dinh 15 va cdc hat dé c6 thé 1a cdc nguyeén tir,
phin tir, ion, electron, cdc hat khic hoac nhém cdc hat nhu
vay dugc dinh ro.

Candela 1a cudng do phat sing theo hudng nhat dinh ciia mot
nguon phat ra biic xa don sic véi tdn s6 bing 540x10'2 hec

1

va ¢6 cuong do bifc xa theo hudng nay bing m odl trén

steradian

“Luu ¥ rang ky hiéu cdc dai luong luen duge in bang chir nghiéng.
"I Mills, 1. Cvita, K. Homann, N. Kallay, andK.KuchitsuQuantities, Units, and Symbols in
Physical Chemistry, UK: blackwell Scientific, 1993 .
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Ngoai ra, cé hai don vi bd sung: d6i v6i géc phing don vi bé sung 14 géc khdi hoic
steradian duge ky hi¢u bang sr. Nam 1980, Uy ban Qudc t& Do ludng va Trong lugng di quyét
dinh giai thich loai cdc don vi bd sung nhu 12 cdc don vi khong c6 thit nguyén. Mac dir don vi
nhit quin cho ci hai dai lwong 12 quan trong nhét, nhung trong nhiéu trudng hop thuc tién, tién
loi sir dung tén goi dic biét radian va steradian.

Gia tri méi dai luong vit 1y bing tich tri s6 nhan véi thi nguyén, nghia 1a:
Dai lugng vat 1y = tri 55 x don vi. |

T4t ca cdc dai lugng c6 the nhan duge trong don vi SI hodc vé mai dai s6 qua don vi
51 bang phép nhén va chia. Vi du nhw jun 13 don vi cong trong don vi SI duoc dinh qua céc
dom vi co s0 bang kg m * 57 va dugc biéu dién bang ky hiéu dic bisi 1a J. Trm\b sau dua ra

cdc don vi din sufi dirge sir dung trong hod 1y ;\_:
Dai lugng vat Iy Bon vi Dai lvgng Binh nghia
L niuton N [ kg m? 5

Cong, nang luong, nhiét | jun J A: T (=kg - SHIJ

Cong suit, dong radian odt : Js™!
)4

Ap suat pascal \ Pa Nm™
£ién tich cu ((\ & As
Bl.ﬁn thé @ Svfjﬂ vV kg n-l2 3"-1' ﬁ‘l

(:J Als7 =) C"')
Dién ro o om Q kg m*s™ A~ (= v A*I)
Dié¢n dung fara F AsV! (= m‘zkg"s*'ﬁhz)
Tén s6 hec Hz s~' (chu ky trén giay)

Mat dé tir tho e =1 -l
Al OC ng iesla T kg <3 A-—I[-—N A7 m )
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Mot di€u quan trong 13 c6 thé chuyén déi tir j:ﬁc don vi khdc sang SI. Sau day 1a mot s6
cic hé s6 chuyén déi |
Bai luong vat ly Téndonvi Ky hiéu Gid iri twong duong trong don vi SI
Chiéu dai ' o ‘
angstong ¢  10™m ({107 am)
Néng luong electronvon eV 1,602 17733 %< 107" ]
50 s6ng cm! 1,986 447 x 1072 )
calo nhiéi cal
hod
erg
Luc dyn
Ap suit bar bar
atmosphere atm
i torr ’
Dién tich e.s.u O’ 3.334x 107" C
Moment ludng cuc dobai (debye) (Q 3 3:34 x 107" Cm
-18 :
Mat dé tir thong (e gaiﬁi';u o G Q) 107°T
L
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Phu luc B
Cdc bdng nhiét dong

Cac gid ri trong bang duoc ldy tlr cidc bang cédc tinh chit nhiét déng (1982) cia Cuc
Tiéu chuin Qudc gia My (NBS). Ap sudt trang thdi chufin 12 I bar (0,1 MPa). Cic hop chat dugc
x&p dit theo trinh 1w céc nguyén 0 dugc sit dung trong nhiing bang dé. Trinh ty cdc nguyén t6
duge dua ra trong bang 14 O, H, He, F, C1, Br, 1, S, N, P, C, Pb, Al, Zn, Cd, Hg, Cu, Ag, Fe, Ti,
Mg, Ca, Li, Na, K, Rb, va Cs. Di véi chét dién ly manh trong dung dich nuéc trang thai chudn
1a dung dich Iy tudng ndéng dé mol trung binh bing mot (hoat dé don vi). Nh -ﬁ chit nhiét
dong ciia chét dién ly phan ly hoan toan duge ky hiéu bang ai, cdn nhifis T lichat nhiét dong
cha nhiing phéin tir hoan toan khong phin ly trong nudc duogc ki hiéu Binghao. Nhimg tinh chit
cia cdc chdt hitu co chita-hon hai nguyén tir carbon duge 14y sdch The Chemical
Thermodynamics of Organic Compounds. NewYork:Wiley, 1 14’ cac téc gia D. R. Stull, E.
F Westrum va G. C. Sinke. Cic bang tinh chét nhiét dong h 1e0 Cuc Tiéu chudn Qudc gia
My (NBS) ducic in thanh Tap IT bo sung ciia tap chi "Cic s 1§ va hod trich din" (Journal of
Physical and Chemical Reference Data) theo don dat ﬁ@.‘:ﬁa Hgi Hod hoc My: 1155 Sixteenth
St NW, Washington, DC 20036. trong iap chi‘\Eﬁn duc hod h@c;‘ (J. Chem. educ. 62:
681(1985).) R. D. Freeman da trinh bay chi tié %yén déi sang trang thdi 4p suft chufin méi.

Céic tinh chat nhiét dfog hod hoc & 298,15K va 1 bar

Tinh chét nhiét dong cia mét s chéit & 4ap sudt bang 1 bar va 25°C va trang thai
vit Iy duge chi rd, cu thé la:
— 8%va C| la entropy @g‘ dung ciia cdc chit dugc ké ra trong danh muc

~ AHPva AGija bgk‘thién enthalpy va bién thién him Gibbs tao thanh hop chit tir
céc don chit N .
~ s ky hiéu i di rdn (tir chir solid)
ang thai 1ong (tir chir liquid)

- £ky hi@
& é@ ang thdi khi (tir chir gas)

cr ky hiéu trang théi tinh thé (tir chif crystalline hoac crystal)
— rhombic 14 truc thot
- monoclinic 13 mdt xién
— diamond la kim cuong
— oxide 12 oxit, vi du ethylene oxide [ oxit etylen
- yellow 1a vang, vi du ky hiéu PbO(s, yellow) ky hiéu oxit chi rin mau vang
—red 1a do, vi du HgO(s, red) k¥ hiéu oxit thuy ngin rin do
— corundum 1a bét dd mai (ALO,)
— graphite con duge goi 14 than chi
— quartz la thach anh, vi du SiO,(cr, quariz) k¥ hiéu oxit silic tinh thé thach anh
— cubic 1a 1ap phuong, vi du SiC(cr, cubic) ky hiéu carbua silic 1ap phuong
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Bang IT. 1
o MHie  AGHy, S%s Ce

: kJ mol™ IcJ mol™ TK™ mol™ JK™ mol™
O(g) 249,170 231,731 161,055 21,912
O,(g) 0 0 205,138 29,355
Os(g) 142,7 163,2 238,93 39.20
H(g) 217,965 203,247 114,713 20,784
H'(g) 1536,202 0 0 0
H*(aq) 0 0 0 0
H,(g) 0 0 130,684 d 8,824
OH(g) 38,95 34,23 183,745 29,886
OH (aq) 229,994 ~157,244 <1 ~148.5
H,0(¢) ~285,830 -237,129 62% 75,291
H,O(g) 241,818 ~228,572 d@ 33,577
H,0, (¢) ~187,78 ~120,35 109,6 89,1
He(g) 0 0 126,150 20,786
Ne(g) 0 ©)" 146328 20,786
Ar(g) 0 \k-n 154,843 20,786
Kr(g) 0 A 0 164,082 20,786
Xe(g) 0 Q} 0 169,683 20,786
F(g) ?&93(0 61,91 158,754 22,744
F(ao) —332) -278,79 ~13.8 -106,7
F, @x 0 202,78 31,30
HF(g) 71,1 2732 173,779 29,133
Cl(g) C}gl,ﬁm 105,680 165,198 21,840
CI (a0) + 167,159 ~131,228 56,5 ~126,4
Cly(g) \Q) 0 0 223,066 33,907
HCl(g) ch -92,307 -95,299 186,908 29,12
HCl(ai) ~167,159 -131,228 56,5 -126,4
HCI trong | ~165,925
HCl trong 200 H,O -166,272
Br(g) 111,884 82,396 175,022 20,786
Br (a0) -121,550 -103,96 82,4 ~141.8
Br, (¢) 0 0 152,231 75,689
Br,(g) 30,907 3,110 245,463 36,02
HBr(g) -36,40 ~53,45 198,695 29,142
I(g) 106,838 70,250 180,791 20,786
I"(ao0) -55,19 -51,57 111,3 ~142,3
L({cr) 0 0 116,135 54,438
15-Hoa Ly NB
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Bang IT. 1 (tiép 1)

Cha AH g ¢ AG g ¢ 5308 c

i kJ mol™ kJ mol™ TK ' mol” YK mol”
I,(g) 62,438 19,397 260,69 36,90
Hi(g) 26,48 1,70 206,594 20,158
S (rhombic) 0 0 31,80 22.64
5%(a0) 33,1 85.8 ~14.6
5 (monoclinic) 0,33 0.1 32.6 23,36
S(g) 278,805 238,250 167,821 673
S,(g) 128,37 79,30 228,18
S0,(g) ~206,830 --300,194 24822 d 39 3?
304(g) -395,72 -371,06 256 \(\ 50,67
S0, (ao) -909,27 ~744,53 ﬂ -293
HS (ao) -17,6 12,08
H,5(g) -20,63 -33,56 5 79 34,23
H,S0,(¢) ~813,989 ~690,003 ((\ 156,904 138,91
H,S0,(ai) ~909,27 44 20,1 -293
N(g) 472, ?m 153,298 20,786
Ny(g) (b“ 191,61 29,125
NO(g) 90, 25 Q 86,57 210,761 29,844
NOy(g) 33 i 51,31 240,06 37,20
NO; (ao) —-108,74 1464 -86,6
N,0O(g) 5 104,20 219,85 38,45
N,0,(¢) CJCDI 9,50 97,54 209,2 142,7
N,O.(g) 97,89 304,29 77,28
NH;(g) N _45 16,45 192,45 35,06
Nquﬂﬂ} Oq “ED,EQ’ "Zﬁ.ﬁﬂ ]. 1 1 13
NHI (ac) 0 -132.,51 -79,31 113,4 79,9
HNO, (¢) CQ 174,10 ~80,71 155,60 109,87
HNO,(ai) -207,36 ~111,25 146,4 -86.6
NH,OH(ao) ~366,121 ~263,55 181,2
P(s, white) 0 0 41,09 23,840
P(g) 314,64 278,25 163,193 20,786
Py(g) 1443 103,7 218,129 32,05
Py(g) 58,91 24,44 279,98 67,15
PClLi(g) - 2870 ~-267.8 311,78 71,84
PCl(g) —374.9 -305,0 364,58 112.8
C(graphite) 0 0 5,74 8,527

T P A TS ot b i o Ty 1 il
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Bang I1. 1 (tiép 2)
AR gaa,r AG g‘?ﬂ.t‘ S208 “:,E:
kJ mol™ kJ mol™ JK™ mol™ JK™ mol™
C(diamond) 1,895 2,900 2,377 6,133
C(g) 716,682 671,257 158,096 20,838
Ci(g) O -0,0330 144,960 29,196
CO(g) —-110,525 ~137,168 197,674 29,116
COy(g) ~303,059 ~394,359 213,74 37.11
CO,(ao) 413,80 ~385,08 1176
cor ~677,14 ~527.81 ~56,9 (\
CH(g) 595,8 d
CH,(g) 392,0 :
CHy(g) 138,9 %
CH,(g) 74 8] 50,72 ﬁ 35,309
C;Hy(g) 226,73 209,20 94 43,93
C,Hi(g) 52,26 68,15 219,56 43,56
(G Hg(g) -84,68 -32, 229,60 52,63
HCO; (a0) ~691,99 58677 91,2
HCHO(g) -117 ~113 218,77 35,40
HCO,H (¢) —424,72 (b. 61,35 128,95 99,04
H,CO;(a0) ~699, 623,08 1874
CH,OH (¢) ~166,27 126,8 81,6
CH,OH(g) .66 -161,96 239,81 43,89
CH,CO; (a0) 0 86,01 -369,31 86,6 —6.3
C,H,0(1, ethylene oxide) C) -77.82 -11,76 153,85 87.95
CH,CHO (¢) " —192.30 ~128,12 160,2
CH,CO,H(¢) ~484,5 ~389.9 159.8 1243
CH;CO,H(ao) QO ~485,76 -396,46 178,7
. GHOH(¢ -277,69 -174,78 160,7 111,46
. GHOH() ~235,10 168,49 282,70 65,44
- (cu)o(@ 184,05 ~112,59 266,38 64,39
C;Hq(g, propene) 20,42 62,78 267,05 63,89
C;Hg(g, cyclopropane) 53,30 104,45 237,55 55,94
C;H.(g, propane) -103,89 -23.38 270,02 73,51
C,H,(g, 1-butene, cis) 0,13 71,39 305,71 85,65
C,Hy(g,2—butene, cis) 6,99 65,95 300,94 78,91

. CHy(g2-butene, rrans) -11,77 63,06 296,59 87,82

T eI
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Bamg IL. 1 (tigp 3)

r )

'-ll:l.;-:l;,.ﬂ. et B

Ao

3
5

_— AH g ¢ TALE pov 5308 C,

B k) mol™ kI mol™ JK ' mol™ JTK™ mol™
C,H (2, butane) ~126,15 -17,03 310,23 97.45
CH,o(g, isobutane) ~134.52 -20.76 204,75 96,82
CH, () 82,93 129,72 269,31 81,67
CsH\5(g, cyclohexane) ~123,14 31,91 298,35 106,27
CeHiq(g, hexane) -167,19 ~0,07 388,51 143,09
C;H,(g, toluene) 50,00 122,10 320,77 103,64
CyHy(g, styrene) 147,22 213,89 345,21 %ﬂ,m
CeH, (2, ethylbenzene) 29,97 130,70 360,56 di 8,41
{yH (g, octane) ~208.45 16,64 466,84 188,87
Si(s) 0 0 20,00
510y(s,alpha) 910,94 ~856,64 44,43
Sn(s, white) 0 0 ! 26,99
Sn?(ao0) -8.8 213 =17
SnO(s) ~285,8 -256.9 56,5 44,31
SnO,(s) 5807 -510.47) 52,3 52,59
Ph(s) 0 \E'U' 64,81 26,44
Pb*(a0) % 7, Aﬂ 10,5
PbO(s, yellow) 07732 Q 7.89 68,70 45,77
PbO,(s) ~277 4 ~217. 33 68,6 64,64
Al(s) 28,33 24,35
Al(g) @ 285, ? 164,54 21,38
Al,Oy(s, alpha) 3.7 -1582.3 50,92 79,04
AlCL(s) 9_ 704,2 -628,8 110,67 91,84
Zn(s) \Q’) 0 0 41,63 25,40
Zn*(ao) Q ~153,89 147,06 S1p2 46
ZnO(s) -348,26 ~318,30 43,64 40,25
Cd (s,gamma) OO 0 0 51,76 25,98
Cd*(a0) ~75,90 ~77.612 ~13.2
CdO(s) ~258.2 ~2284 54,8 43,43
CdSO,. 8/3H,0(s) ~17294  -1465,141 229,630 213,26
Hg (¢) 0 0 76,02 27,983
Hg(g) 61,317 31,820 174,96 20,786
Hg(ao) 171,] 164,40 32,2 |
HgO(s, red) -90,83 ~58,539 70,29 44,06
Hg,Cl, (s) -265,22 —210,745 192.5 102
Cu(s) 0 0 33,150 24,435

e e et L dlliF ] d i b mee ki
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Bang II. 1 (tiép 4)
Chit AH gﬂa.r AG gﬂE,f Sggs Cﬁ
IcJ mol™ kJ mol™ JK™ mol™ JK™' mol™
“Cu*(ao) 71,67 49,98 40,6
Cu**(ao) 64,77 65,49 -996
AgO (s) ~31,05 -11,20 21,3 65,86
AgCl(s) —~127.068 ~109,789 96,2 50,79
Fe(s) 0 0 27.28 25,10
Fe'*(a0) -89, 1 ~78.90 W {\
Fe™(ao0) 48,5 4,7 ~315,9
Fe,0(s, hematite) —824.2 7422 87. ﬁ(\ 103,85
Fe;0,(s, magnetite) ~1118.4 ~-1015,4 I 143,43
Ti(s) 0 0 @5} 25,02
TiOy(s) ~939.7 -884,5 \} 92 55,48
U(s) 0 0 Q— 50,21 27,665
UQO,(s) ~1084,9 -1031 77,03 63,60
U0 (a0) -1019,6 9535 -97,5
UQO4(s, gamma) ~1223.8 %5} 96,11 81,67
Mg(s) 0 *\ 0 32,68 24,89
Mg(g) 147,7 + 113,10 148,650
20,786
Mg""(ao) - é -454,8 ~138,1
MgO(s) 70 —569.43 26,94 37,15
MgCly(ao) (501,15 7171 25,1
Ca(s) 0 0 41,42 25,31
Ca(g) . \ 178,2 1443 154,884
20,786
Ca*(a0) ch ~542,83 ~553,58 -53,1
CaO(s) @) 635,09 ~604,03 39,75 42,80
CaCly(an) ~877,13 ~816,01 59,8
CaCOy(calcite) -1206,92 ~1128,79 92.9 81,88
. CaCO(aragonite) -1207,13 ~1127,75 88,7 81,25
Li(s) 0 0 29,12 24,77
-278.,49 ~293,31 13,4 68,6
e 0 0 51,21 28.24
. Na'(ao) ~240,12 261,905 59,0 46,4
~425,609 -379,494 64,455 39,54
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Bang I1. 1 (tidp 5)

Chﬁ[ ﬂ'H gﬂﬂ,f ﬂG g!-"ﬂ.f S;:m C;
kJ mol™ kJ mol™ J K™ mol™ JK™ moi™
NaOH trong 200 H,0 469,608 | .
NaCl(s) -411,153 ~384,138 72,13 50,50
NaCl(ai) ~407,27 ~393,133 115,5 -90,0
NaCl trong 100 H,O ~407,066
NaCl trong 200 H,O ~406,923 :
K(s) 0 0 64,18 L V2058
K*(ao0) ~252.38 ~28327 102{06 21,8 J
KOH(s) —424,764 ~379,08 64,9 1
KOH(ai) -482 37 —440,50 6 ~126,8 ]
KOH trong 100 H,0 -481,637 \} -
KOH trong 200 H,0 —481,742 O—
KCl(s) 436,747 ~409,1 6\ 82,59 51,30
KCl(ai) —419,53 I 159,0 ~114,6
KCl trong 100 H,0 ~419,320
KCl trong 200 1,0 419,191 Q‘
Rb(s) oY) o 76,78 10,148
Rb'(a0) —251,10 ~283,98 121,50
Cs(s) 0 0 85,23 32,17
Cs*(ao) @3 -292.02 133,05 -10,5

Nhiing s6 liéu trong hﬁ@j? 2 ciing dugc 14y tir bang cdc tinh chét nhiét dong hod hoc
cta Cuc Tieu chuin Qu @Pﬂ? NBS J. Phys. Chem. Ref. Data. Suppl. 2, 11 (1982), nhung
hém ctia h¢ théng tudn hoin. Di nhién 13 c6 s lech khdc gilia cic

bihg I1. 1 va I1. 2 vi cdc s6 liéu duge dua ra trong bang I1. 1 ¢6 dod chinh

dugc x€p dat chi yéu t

gid tri duge dua ra @
xdc 1én hon v('ﬂﬁnh xdc 161 ba con s6 sau ddu phéy.

Bang II. 2
AH? AG? g C?

[:]]Et "'I' -] _ _ "y -

kJ mol kJ mol JK ' mol™ J K 'mol™
H(g) 218,00 203,28 114,72 20,79
Hi(g) 0 0 130,68 28 84
Dy(g) 0 0 144,96 29,19
HD(g) 0,32 ~1,46 143,80 29,20
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Mixdm &
Chat AHY AG? S° c?
kJ mol™ kJ mol™ JK™' mol™ J K "mol™
He(g) 0 0 126,15 20,79
Ne(g) 0 0 146,33 20,79
Ar(g) 0 0 154,84 20,79
Kr(g) 0 0 164,08 20,79
Xe(g) 0 0 169,68 20,79
_Ra(g) 0 0 176,23 ﬁ@?ﬂ
Mhom 1 6
| A AH AG? 5 & et
kJ mol™ kJ mol™ =1 \>§' TK 'mol™!
Li(cr) 0 0 08 24,62
Li(g) 159,30 126,59 38,78 20,79
| Nas) 0 0 51,46 28,15
Nafcr) 107,30 76, 153,67 20,79
NaQ,(cr) ~260,66 _315: 115,90 72,14
Na,O(cr) 417,98 Qﬂj}g 75,04 69,10
Na,O,(cr) ~513,21 X -449,63 94,80 89,27
NaOH(cr) ~4259 ~379,74 64,44 59,53
NaCl(cr) _aN2) 384,00 72,10 50,50
| NaCl(g) —E:,és —196.66 229,81 35,77
Na,80,(cr) C\S 87,82 -1269,85 149,60 128,14
Na,SO, . 10H,0(cr) () ~<4327,26 ~3646,85 592,00 587,40
Na,CO;(cr) ~1130,77 ~1048,01 138,80 111,0
NaHCO(cr) ~950,81 -851,00 101,70 87,61
K{cr) 0 0 64,67 29,50
K@ 89,00 60,48 160,34 20,79
| KOH(cr) 424,70 -37,00 78,90 64,00
e 436,68 -408.76 82,55 51,29
ﬁ’_: | KNO,(er) ~494,63 ~394.86 133,05 96,40
| KMnOy(cr) 837,20 737,60 171,71 117,57
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Mhoém 2
Chat AH? AG? " c; -
kJ mol” kJ mol™ JK'mol”'  JK 'mol™
Me(cr) 0 0 32,67 24,87
MgO(er) -601,24 ~568,94 26,92 37,11
Mg(OH),(cr) 924,66 —833,65 63,24 77.25
Calcr) 0 G 41,59 25,93
CalF,(cr) ~122591] 1173,50 68,57 68,59
Cal(cr) ~635,09 —603,50 38,21 42
Ca(OH),(s) 986,08 898,42 83,39 @g\
CaCOy(cr, calcite) ~1206,92 ~1128,79 92,90 1,88
Ca, (PO, ), (cr) -4120,80 ~-3884,7 236,00 $22? 82
Nhom 3
it AH? ] AGS c3
kJ mol™ kImol! = ' mol™ J K 'mol™ .
B(cr) 0 583 - 11,32
B,O;(cr) ~1271,94 ~1192, A 53,95 62,56 i
B,Hy(g) 41,00 & 233,17 58,10 !
BF(g) ~1135,62 254,36 50,45 4
Al(cr) 28,28 24,21
AlO,(corundum) ~1675,70 {(\ 1582,28 30,95 79,01
C; Nhém 4
i AT _ AG; 5 co
kJ mol™ kJ mol™ JK'mol'  JK 'mol™
C (graphite) _e 0 0 5,74 8,50
C (diamond) O 1,89 2,90 2,38 6,11
C(g) 716,67 671.24 158,10 20,84
CO(g) ~110,53 -137,16 197,65 29,14
COy(g) -393,52 —394,39 213,80 37,13
CHi(g) ~74 .87 ~50,87 186,25 35,64
HCHO(g) ~115.90 ~109.92 218,95 35,40
HCO,H (¢) ~424,72 -361,35 128,95 99,04
CH,OH (¢) ~238,66 ~116,27 126,80 81,60
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CH,0H(g) 200,66 ~161,96 239,81 43,89
CCL(¢) ~-135.44 -65,21 216,40 131,75
CCL(¢) ~102,90 -60,59 309,85 83,30
CHCL(?) 134,47 73,66 201,70 115,50
CHCl,(g) ~103,44 ~70,34 295,71 65,69
CH.Cl(g) ~83.68 -60.15 234,37 40,73
cs,(2) 89,70 65,27 151,34 75,70
CSi(e) 116,94 66,82 237,98 45,66
HCN(g) 135,14 124,14 201,83 (\35,36
C,H,(g) 226,73 248,16 200,96 d 40,10
CHy(g) 52,47 68,42 219,3: \(\ 2,89
CHy(g) ~84,68 ~32,82 22 52,63
CH,COOH () —484,50 ~389,90 1@}8 124,30
CH,COOH(g) -432.25 ~374,00 Q’az,su 66,50
CH,0H(¢) ~277,69 ~174; 160,70 111,46
C,H,OH(g) ~235,10 4&2) - 282,70 65,44
(CH,),0(g) ~184,05 (bqu,sg 266,38 64,39
C,Hq(propene)(g) 20,42 Q 6278 267,05 63.89
C,H(cyclopropane)(g) 5330 104,45 237,55 55,94
C;Hy(propane)(g) = —23.38 270,02 73,51
CHy(1-butene) (g) 0 13 71,39 305,71 85,65
C,Hy(cis~2~butene) (g) C} ~6,69 05,95 300,94 78,91
Cﬁﬂfrf‘ar:s—E—butﬂnﬂy@ R 63,06 296,59 87,82
C,H,(butane)(g) Cb 126,15 ~17,03 310,23 97,45
CH,(isobutan ~134,52 -20,76 294,75 96,82
C4Hq(be 82,93 129,72 269,31 81,67
CeH(cyclohi€xane)(g) ~123.14 31,91 298,35 106,27
CeH,s(hexane)(g) ~167,19 -0,07 388,51 143,09
C;Hg(toluene)(g) 50,00 122,10 320,77 103,64
CyH s(octane)(g) —208.45 16,64 466,84 188,87
Si(er) 0 0 18,80 20,00
Si0,(cr,quartz) -910,86 ~856,44 41,46 44,59
S1C(cr, cubic) ~65,30 ~62,80 16,61 26,86
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Nivdm 5
Chat AH AG} g (02
kJ mol™ kJ moi™ T mol™ 1K mol™

N(g) 472,68 455,54 153,30 20,79
N, 0 0 191,61 29,12
NO(g) 90,29 86,60 210,76 29,84
NO,(g) 33,10 51,26 240,03 36,97
N,O(g) 82,05 104,18 219,96 38,62
N,04(g) 82.84 139,73 308,54 65,62
N,0.(g) 9,08 97,79 304,38 9726
N,05(g) 11,30 118,01 346,55 @6930
NH;(g) 45,90 ~16,37 192,77 % 33,65
N,H, (,EJ) 50,63 149 44 121,54 \x 98,84
N,H,(g) 95,35 159,23 50,81
HNOx(g) 134,31 ~73,94 53,34

NHNO,(cr) -365,56 183,87 . 1,08 139,30
P(crawhite) 0 0 @ 41,08 23,82
P(cr,red) ~12.44 %0 \ll‘ 23,20 21,26
P(g) 316,39 2’4@ 163,12 20,79

P,Oylcr) -3009,94 34 228,78 211,71
PH,(g) 22,89 \X 30,89 210,24 37,10

' MNhom 6
Chat AG? S° C
A& ] kJ mol™ JK'mol!  JK'mol

O(g) 949,17 231,74 161,06 2191
O,(g) Cb 0 0 205,15 29,38
Oi(g) 142,67 163,18 238,93 39,24
OH(g) 38,99 34,28 183,71 29,99
H,0(¢) ~285,83 -237,14 69,95 75,35
H,0O(g) 241,83 228,58 188,83 33,59
H,0,(¢) 187,78 ~120,35 109,60 89,10
H,0,(g) ~136,11 -105,44 232,99 43,12
S(cr, rhombic) 0 0 32,06 22,70
S{cr, monoclinic) 0,36 0,07 33,03 23,22
S(g) 276,98 236,50 167,83 23,67
S:(g) 128,60 79,69 228,16 32,49
S0(g) 5,01 ~21,03 221,94 30,17

A R o Do B e e i
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PHU LUC ) 227
o Nhém 6 (tiép theo)
50,(g) ~296,84 ~300,12 248,21 39,88
504(g) ~395,76 -371,02 256,77 50,6&
H,5(g) ~20,50 -33,33 205,76 34,19
SF(g) —1220,47 ~1116,45 291,54 96,96
Nhém 7
Chat AH? AG? s° e
kJ mol™ kJ mol™ JK 'mol™ “'mol™
F(g) 79,39 62,29 15875 Q) 22,75

F.(2) 0 0 31,30
HF(g) ~272.55 -274.65 29,14
Cl(g) 121,30 105,31 21,84
Cly(g) 0 0 33,75
HCl(g) ~92.31 -95,30 29,14
Br(g) 111,86 8 3’@ 175,02 20,79
Br, (?) 0 152,21 75,64
Br,(g) 30,91 Qﬁg,la 245,39 36,05
HBr(g) -30,64 253,51 186,70 29,14
BrCl(g) 14,64 X 0,97 240,00 34,99
I(g) 106,76, 70,76 180,79 20,79
L(s) 0 116,14 54,44
I(g) A4 19,33 260,69 36,90
Hl(g) \@L 26,36 1,56 206,59 29,16
4 S
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ra——

Céc kim loal

Chat AHS AG? 8" &
kJ mol™ kJ mol™ YK mol™ J K 'mol™
Mn(er) 0 0 32,01 26,30
MnO;(cr) ~520,03 ~465,14 53,05 54,14
Fe(cr) 0 0 27,78 25,10
Fe,04(cr, hematite) ~825,50 ~743,52 87.40 103,76
Fe,O,(cr, magnetite) ~1120,89 ~1117,44 145,27 ﬁ@s
Cu(cr) 0 0 33,16 é:l
Cu(g) 337,60 297,88 166,40 \(\\ 20,79
CuO(cr) ~156,06 -128,29 42,59 % 42,25
Cu,O(cr) ~-170,71 -147,89 'iéb 62,54
CuS0,(cr) ~769,98 ~660,78 I 98,87 }
CuS0,. 5H,0 (cr) ~2279,65 ~1879,74 (@B.@ 280,00 |
Zn(cr) 0 K 41,72 25,39 |
ZnS(cr, sphalerite) ~205,98 -201 ZQ\L‘ 57,70 46,00 5
Ag(er) 0 %ﬁ 42,55 25,35 4
Ag(g) 284,55 173,00 20,79 y
Ag,0(cr) -31,05 q 121,30 65,86 ;
AgCl(cr) ~127,07 —mg 79 96,11 50,79 -
AgBr(cr) ~100.3 {(\ —96.,90 107,10 52,38
AgNO(cr) —12?§> ~33,41 140,92 93,05
Hg(¢) % 0 76,03 27,98
He,Cly(cr) C}zm 93 210,48 192,54 101,97
HgO(cr, red) O™~ -90.79 ~58.49 70,27 44,06
Pb(cr) O 0 0 64,81 26,44
PbCl,(cr) ~-359,40 -314,10 136,00 77,00
i
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Phu luc C
CAC GIA TRI HANG SO HOA LY
(LAM TRON T31 CON SO CO ¥ NGHIA THU TU)
Brai lrgng Ky (zid L Brom vi
hiéu
Toc do dnh sdng trong chan khong ¢ 299 792 458 (chinh xdc) m 5
D5 thdm chan khong L, 4z % 1077 (chinh xdc) i@
= 12,566 370 614... N ;J{
Hing s6 dién moi cua chan khong ¢ 1y, c*(chinh xdc)
Planck constant h 6,626 075 5(40) 1{]' “ J g
h/2% A 1,054 572 66(63) \} 107 s
Pién tich so dﬁng e 1,602 177 33 ¢
Magneton Bohr Hp 9,274 015 1041 T
Magneton hat nhan,eh /2m, ™ 5,050 78 el B e
Hiing s6 Rydberg, m, ¢*/8h'ce, R. 109 ;_' 3@' 334(13) m™’'
Badn kinh Bohr, he,/ nm.e’ a, 329 177 249(24) 107" m
Ning lugng Hartree, e’/4ne a, E, 748 2(2) O™
Khsi luong electron m, i" 109 398 7(54) 107 kg
i Khéi lugng proton Q 1,672 623 1(10) 107 kg
S Khéi lugng neutron : 1,674 928 6(10) 107 kg
e Khéi lugng deuteron 3,343 586 0(20) 107 kg
. | Hang s6 Avogadro 0 N, 6,022 136 7(36) 10%
| Hang s0 khdi lugng nguyén I{) m, 1,660 540 2(10) 107 kg
s im = (1/12)m(C)
.| Hing s6 Faraday \Q’) " F 96 485 309(29) C mol™
‘Hang s6 khi Q R 8,314 510(70) JK™" mol™
0,083 145 1 ¢ bar K" mol™
e O 1,987 216 cal K™ mol™
i gg 0,082 0578 ¢ atm K™ mol™
'_x : Hﬁng s6, R k 1,380 658(12) 102K
oy GIA TRI XAC DPINH CUA MOT SO HANG SO VA CAC HE 86 CHUYEN POI
e - m=3,141 592 65 2,54 cm inch™
. e=2,718281828 4536 g Ib™!
i = -~ Inx = log x/loge = 2,302 585 09 log x 4,184 J cal™ (chinh xdc) |
7 - 101 325N m™ atm™ 1,602 x 107 eV |
: 10° N m™2 bar™ 10 m* ¢~ |

. 1,01325 bar atm™ 133,32 Pa torr™
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Y -

BANG CHU CAI HY LAP

CHIU TN CHIJ VIET TAY TEN GOI CHU CAX
A o ﬁ-_ygﬁnr Alpha
B B ﬁ ¥ Beta
'y g-‘y Gamma
A D A4 0 Delia (\
E € E & Eaa@d
Z L Z ¢ %ﬁ
H n %r} \}A Eta
& 69 @ &6 9 Theta
I ng @ Jota
K 3 | @7 @ - Kappa
A A A A(DA Lambda
M p 7 Mu
N.v ®\ Jv MNu
e . :

o E 0 = E A
0 o C} 0 o : Omicron
N J{T 1A Pi
¥ P OQ yp Rho
z O T o Sigma
T@ T x Tau
Y v (23/ v Upsilon

D e D @ Phi
X % X y Chi
¥ oy ¥ o Psi
0 o 2 w Omega
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PHU LUC 231

TUONG QUAN GIUA CAC BON VI BO NANG LUGNG KHAC NHAU

Pon vj do s Eryg Calonhiét | Calogudc 18 | om?® aim faim Electron— Kilovat—giis
hod
violi
Jun ! W7 230006107 | 238846107 | 986923 | 9.86894.107 | 6:24192.10" | 27778 107
plepin - |
Er T I 2,30006.10°% | 2,38846.10° [ 90,86923.10° | 9,86804.10710 | 6,24192.10" | 2777810714
. T
Calonhiéthod | 418400 | 4,18400.107 i 099933 | 4,12929.10 | 4,12916.107 | 261162107 | | 16222.10™
Calo qudic 1€ 4,18680 | 4,18680.107 | 1,00067 | 4,12306.10 | 4,13193.107 E-ﬁll}?-lﬂ'” 116300, 10
cm’.aim 1,01325.007 | LOI325.00° | 2. 42173.107% | 2,4200 1.10°72 | | 9.99970.107 A0Y | 2 81458, 107

fatm LOIB28A | 1,01328.00° | 2,42180.00° | 24207310 | 1,00003.10° 32482107 | 681467107
Electronvolt | 160207, 107" | 1,60206. 107" | 382004, 107 | 382645107 | 1,381 121074 H:?ﬂ I 4,45019. 107>
volt
Kilooat-gis | 3,60000.10° | 3,60000.10" | 8,60421.10° | 8,3985.10° | 3,55292.1 fﬁgﬂlmﬂ 2,24709.10° !
CAC TIEN TO (HOAC FEE&&E] THUONG DUNG
A) TIEN TO (PREFIX) PHAN A 0: A) TIEN Ti’a (PREFIX) PHAN
PHAN SO THUONG DUNQ)( ANH BOI SO THUONG DUNG
Phdn s6 Tién té %ﬁz}@u Boi 56 Tiénto | Ky hiéu
CJ 10 deca da
S 10™ K@* d - 10° hecto h
et 107 i c 10° kilo k
0 107? Oomim m 10° mega M
107° © micro M 10” giga G
Y e nano n 10" tera T
102 pico D 10 | pefa p
v femto f 10" exa E
s 107 atto a 102" zetts 7
o™ zeyto- z 10* yotta Y
™ yocto y
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