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© Ban quyén thudce B Y té (Vu Khoa hoc va Pao tao)

770-2007/CXB/2-1676/GD Mi s0: 7K720M7 — DAI

LO'I GIOI THIEU

Thuc hién mét sd diéu cta Luat Gido duc, B¢ Gido dyc va bao tao va Bo Y té da ban hanh chuong
trinh khung dao tao bac si da khoa. B Y té t6 chirc bién soan tai liéu day — hoc cdc mdn co s¢ va
chuyén mon theo chuong trinh trén nham timg budc xdy dung bd sich dat chuan chuyén mén trong
cong tic dao tao nhan lyc y té.

Séach Hod dai cwong dugc bién soan dua trén chuong trinh gido duc ctia Truong Truong Pai hoc Y
Ha Noi trén co so chu’orng trinh khung da dugc phé duyét. Sich dugc PGS.TSKH. Phan An (Chu bién),
TS. Nguyén Si Pic va DS. Lé Hitu Tri bién soan theo phuong cham: Kién thirc co ban, hé thong; ndi
dung chinh xéc, khoa hoc; cap nhat cic tién bo khoa hoc, k¥ thuat hién dai va thyc tién Viét Nam.

Sach Hod dai cwong da duoc Hoi ddéng chuyén mon tham dinh séch va tai liéu day — hoc chuyén
nganh béc si da khoa ciia B Y té tham dinh nim 2007. B4 Y té quyét dinh ban hanh tai liéu day — hoc
dat chuan chuy€n mon cua nganh trong giai doan hi¢n nay. Trong thoi gian tur 3 dén 5 nam, sich phai
dugc chinh 1y, bd sung va cap nhat.

B Y té chan thanh cam on céc tac gia, ThS. Nguyén Thi Nguyét va Hoi ddng chuyén mén tham
dinh da gitp hoan thanh cudn sich; Cam on PGS.TS. Pang Vin Tinh, TS. Piang Vian Hoai da doc va

phan bién dé cudn sich sém hoan thanh kip thdi phuc vu cho cong tic dio tao nhan luc y té.

Lan dau xuat ban, chiing t6i mong nhan dugc y kién déng gép cuia dong nghiép, cic ban sinh vién va
céac doc gia de lan xuat ban sau sach dugc hoan thién hon.

VU KHOA HOC VA PAO TAO-BO Y TE
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LOI NOI bAU
Gido trinh Hoa hoc diing cho sinh vién nim th nhat hé dao tao béc si da khoa cua Trudng Dai hoc
Y Ha N§i dugc bién soan theo khung chuong trinh dao tao bac si da khoa ban hanh theo quyét dinh so
12/2001/Qb — BGD & DT ngay 26 thang 4 nam 2001 cua B Gido dyc va Dao tao va da duge thong
qua tai Hoi dong Chuyén mén Tham dinh SGK va TLDH chuyén nganh BSPK (BJ Y t&).

Gido trinh dugc in thanh 2 tap: HOA PAI CUONG
HOA VO CO VA HUU CO

Véi thoi lugng 90 tiét 1y thuyet trong glao trinh nay ching t6i chi trinh bay nhimg kién thirc co ban
va can thiét dé sinh vién c6 thé theo hoc tiép nhitng mén hoc co s¢ ctia Y hoc ¢6 lién quan dén hod hoc
nhu: Hod sinh, Dugc 1y hoc, V€ sinh va Moi truong,...

Phan duoc in chit nghiéng nho 12 phan mé rong thém dé tham khéo.

Cudi mdi bai ¢6 céc cau hoi tu lugng gid gidp sinh vién van dung va nim chic duoc 1y thuyét.

Sach do mot s6 cdn bd giang day bo mon Hod bién soan véi sy phan cong nhu sau:

Phén Dai cuwong va Vo co: PGS. TSKH. Phan An

Phan Hiiu co: TS. Nguyen SiDac va DS. Lé Hitu Tri

Chui bién: PGS.TSKH. Phan An.

Thuw ky cua ban bién soan: ThS. Nguyén Thi Nguyét

Chting t6i mong nhan dugc ¥ kién déng gbp cua cdc ban dong nghiép va sinh vién dé 1an t4i ban
sach s€ hoan thién hon.

Thay mat nhom bién sogn

PGS.TSKH. PHAN AN

, Bail
CAU TAO NGUYEN TV

MUC TIEU

1. Phan tich dwoc nhitng wu diém va nhwoc diém cua cdc mau nguyén tir co dién cua Rutherford
va Bohr.
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2. Trinh bay dwoc nhitng ludn diém co ban ciia thuyét co hoc liwong tir trong viéc nghién ciiu
nguyén tu.

3. Mo ta dwoc nhitng dac trung cua cdc orbital (mdy electron) nguyén ti.

4. Vin dung dwoc nhitng quy ludt phdn bo electron trong nguyén tir, dé biéu dién cdau hinh
electron cua nguyén tur mot nguyén to.

5. M6 ta dugc cdu triic cua bang tuan hoan cdc nguyén t6 hod hoc va quy ludt bién thién tinh
chdt ciia cdc nguyén té trong bang tuan hoan.

MO DAU
e Khii niém nguyén tir "atopoc " (khong thé phan chia) da dugc cdc nha triét hoc ¢6 Hy Lap dua

ra cach day hon hai ngan nam.

e Nam1807 Dalton, trén co s¢ cdc dinh ludt co ban cua hod hoc, da dua ra gia thuyét nguyén tu,
thtra nhan nguyén tur 1a hat nho nhat cau tao nén céc chat, khong thé chia nhé hon bang phuong
phép hoa hoc.

e Nam 1811 Avogadro, trén co s gia thuyét nguyén tir cua Dalton da duara gia ;huyét phén ttr,
thira nhan phan t dugc tao thanh tir cdc nguyén tu, 1a hat nho nhéat cua mot chat, mang day du
tinh chat cua chat do.

o Nim 1861 thuyét nguyén tir, phan tir chinh thirc dwoc thira nhin trong hoi nghi hod hoc thé giGi
hop tai Thuy Si.

o Chi dén cudi thé ky XIX va dau thé ky XX véi nhitng thanh tyu cta vat 1y, cdc thanh phén cau tao
nén nguyén tir 1an lugt dugc phat hi¢n.

1. THANH PHAN CAU TAO CUA NGUYEN TU

V& mat vat 1y, nguyén tir khong phai 1a hat nhé nhit ma c6 cau tao phtc tap, gom it nhét 1a hat nhan
va cdc electron. Trong hat nhan nguyén tir ¢ hai hat co ban: proton va notron.

Hat Khéi lweong (g) bién tich (culong)
electron (e) 9,1.10-28 ~1,6.10-19
proton(p) 1,673.10-2 +1,6.10-1
notron(n) 1,675.10724 0

, 1 ,
— Khoi luong cia e = —— khoi lugng p.
ong 1540 Ong p

— Pién tich cta e 12 dién tich nhé nhit va dugc léy lam don vi dién tich, ta n6i electron mang 1dv
dién tich am (—e) con proton mang 1dv dién tich duong (+e).
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— Néu trong hat nhan nguyén tir cia mot nguyén t6 nao d6 cé Z proton thi dién tich hat nhan 1a +Ze
va nguyén tir d6 phai c6 Z electron, vi nguyén tir trung hoa di¢n.

— Trong bang tudn hoan, sb thir ty clia cdc nguyén td ciing 12 sb chi dién tich hat nhan hay sb proton
trong hat nhan nguyén tr cua nguyén to do.

2. NHUNG MAU NGUYEN TU CO PIEN

2.1. Mau Rutherford (Rozofo — Anh) 1911

Tir thi nghiém bén cdc hat o qua mot 14 vang moéng, Rutherford da dua ra mau nguyén tir hanh tinh
(hinh 1.1).

— Nguyén tir gdbm mot hat nhan ¢ gitta va cic electron quay xung quanh gidng nhu céc hanh tinh
quay xung quanh mat troi.

— Hat nhén mang dién tich duong, c6 kich thudc rat nho so véi kich thudc cta nguyén tir nhung lai
tap trung hau nhu toan bo khoi lugng nguyén tu.

Mau Rutherford da giai thich dwoc két qua thi nghi¢ém trén va cho phep hinh dung mdt cadch don
gian céu tao nguyén tir. Tuy nhién khong giai thich dwoc sy ton tai cia nguyén tir va hién tuong quang
phd vach ciia nguyén tir.

Hinh 1.1. So d6 thi nghiém cua Rutherford va mau nguyén tir hanh tinh
2.2. Mau Bohr (Bo — Pan Mach) 1913
Dua trén thuyét luong tir cua Planck (Plang) Bohr da dua ra hai dinh dé:

— Trong nguyén tir electron chi c¢6 thé quay trén nhitng quy dao xdc dinh goi 1a cdc quy dao luong tu,
moi quy dao ung véi mot muc nang lugng xac dinh.

Quy dao luong tir phai thod man diéu kién sau:

mvr=n— 1.1
oy (1.1)

h: hang sé Planck 6,62.10-% erg.s

m: khoi liwong electron
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v: téc do chuyén dong ciia electron

r: bdn kinh quy dao

n: $6 nguyén tir 1, 2, 3... n dwoc goi la s6 lwong tir
Tich mvr goi la momen dong luong

— Khi quay trén nhimg quy dao Iugng tir electron khong phét hay thu nang luong. N6 chi phét hay
thu nang lugng khi chuyén tr mét quy dao nay sang mot quy dao khéc.

Lyman Balmer Passen

' N

E,/0 e
El.'rd- r ¥ ¥ L
El TEEW H

Hinh 1.2. Cac quy dao lwong tir theo thuyét nguyén tir ctia Bohr
va sw tao thanh cac day quang phé vach cta nguyén tir hydro

Duya vao nhitng dinh luat cua co hoc ¢ dién Bohr da tinh duoc ban kinh r, cua cdc quy dao electron
trong nguyén tur hydro va gid tri nang luong E_ cua electron tuong Ung trén cic quy dao do:

}:I.E
r, = nt — (1.2)
47 me

e: gid tri tuyét doi cua dién tich electron

Electron chuyén dong dwoc trén quy dao nho sw can bang gitka lyc ly tdm va liee hiit culong:

my® _ &
2
.
hay myv’r = e?

Két hop voi diéu kién quy dao Bohr (1.1) ta duoc biéu thirc tinh r,(1.2)
Néu thay cdc gid tri ciia hang sé (Hé don vi CGS):
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h=6,62.107 ec.s
m=911028g
e =4,8.10"° dvtd

vao phwong trinh (1.2) ta dwoc:

ro=n20,53. 10 cm = n2 0,53A. (1A = 1078 cm)

Tir d6: r,=120,53A =0,53A
r,=220,53A =4r,
ry=320,53A =09r,

r,=n2 0,53A =nr,

B o=_

n

1 27m°me*
—z hz

Ndng lwong toan phan ciia electron bang tong dong nang va thé ning:

Thay gid tri cua r ti (1.2) ta duoc (1.3)
Néu thay cédc gia tri cua hﬁng s6 vao (1.3) ta dugc:

1

E =- = 2,1810 M ec=-13,6eV (1 ec=8,24.10" &V

E,= - %13,6 e¥ = E eV
2 4

E, = —%13,8 eV = E—; eV
n n

(1.3)
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Tu céc cong thuc (1.2) va (1.3) ta théy s6 n 1am gidn doan (nhu nguoi ta néi n da lugng tur hod) ban
kinh quy dao electron va nang lugng cua electron trong nguyén tir. Vi vay n dugc goi la s6 lugng tu.

Thuyét Bohr da cho phép giai thich cdu tao quang phd vach cua nguyén tir hydro va tinh duoc ban
kinh cua nguyén tir hydro ¢ trang thai co ban.

Binh thuong nguyén tu ¢ trang théi ¢6 nang luong thap nhét (trang thdi co ban). Khi bi kich thich
cdc electron chuyén tir trang thdi co ban (quy dao gan nhan nhat) sang trang théi c6 nang luong cao (quy
dao xa nhén hon). Trang théi kich thich la trang thai khong bén nén ngay lap tic electron lai tré vé trang
thdi co ban (c6 thé qua mot sb trang théi trung gian). Mdi budc nhdy phat ra mot luong tir twong ing voi
mot vach trén quang phd ctia nguyén tu.

Tuy nhién thuyet Bohr khong giai thich dugc quang phé cua cdc nguyén tu phuc tap cing nhu sy
tach vach quang phd dudi tic dung cua tir truong. Diéu d6 cho thiy rang doi véi nhung hat hay h¢é hat vi
mod nhu electron, nguyen tr thi khong thé dp dung nhu:ng dinh ludt cua co hoc c6 dién. Cac h¢ nay c6
nhirng dic tinh khic v6i hé vi md va phai duoc nghién ctru bang co hoc luong ti.
3.NHUNG TIEN PE CUA CO HQOC LUQNG TU
3.1. Thuyét lwong tir Planck (Pling — Dirc) 1900

— Anh séng hay birc xa néi chung khong phai 12 lién tuc ma gébm nhitng luong nho riéng biét goi 1a
nhiing lugng tu.

— M&i lugng tir mang mot nang lugng tinh bang biéu thirc:
E=hv (1.4)
V : tan s6 cia birc xa.
3.2. Thuyét séng — hat ciia anh sang

~Thuyé't song vé 4nh sang dugc Maxwell (Macxuen) dua ra nam 1865 da giai thich duogc hién tugng
nhiéu xa, giao thoa cia dnh sang nhung khdng gidi thich dugc hi¢u ng quang di¢n.

Theo thuyét luong tir thi d4nh sdng gdm nhitng luong tir ning luong E = hv phét di tir ngudn séng.
Mit khéc theo hé thirc tuong dbi Einstein (Anhxtanh) E = mc? thi mot vat thé bat ky néu mang nang

luong E s& ¢6 khdi lugng m = — . Nhu vy dnh séng c6 tinh chat hat. Ngay nay ngudi ta thira nhan ban
c

chat séng — hat ctia 4nh sdng. Tir hé thirc Einstein va thuyét luong tir ta c6:

mc- = hv
A
tir dé: s B (1.5)
1mc
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3.3. Tinh chit séng — hat ciia hat vi md (electron, nguyén tir, phan tir...)

Niam 1924 De Broglie (Do Broi — Phdp) trén co s& thuyét séng — hat cia 4nh sdng da dé ra thuyét
séng — hat cua vat chat:

Moi hat vat chit chuyén dong déu lién két véi mot séng goi 1a séng vat chat hay séng lién két, c6

budc séng A tinh theo hé thirc:

A= — (1.6)

m: khéi luong cua hat
v: toc do chuyén dong cua hat

Nam 1927 Davisson va Germer da lam thyc nghiém cho théy hién tuong nhiéu xa chim electron.
Nhu vay ban chat séng cua electron cling dugc thira nhan.

~Nam 1924 nguoi ta da xdc dinh duoc khoi lugng cua electron nghia la thira nhén electron c6 ban
chat hat.

Vidu:

Electron khoi luwong 9,1.1 0'28g chuyén déng véi vén toc =1 0% em/s sé co mot song lién két voi A tinh
theo biéu thure (1.6)

=27
h= 961612;122 o e

Nhu vay: electron vira co bdn chat séng vira cé bdn chat hat.

~ Boi voi nhitng vat the vi mo, m c¢6 gid tri rat 16n so véi hang so h nén A ¢6 gid tri rat nho, vi vay cé
thé bo qua ban chat song.

Vidu:
Mot 6t6 ¢6 khoi lirong 1000 kg chuyén dong véi toc do 72 km/h sé cé mot séng lién két

=27
L 66210

= —1[]'5 5107 %3310 cm

budc séng nay la vo ciing nhé vi vdy thuee té ¢é thé bé qua.
3.4. Nguyén Iy bat dinh Heisenberg (Haixenbec — Dirc) 1927

Doi vai hat vi mo khong thé xac dinh chinh x4c dong thoi cé toc do va vi tri
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h

Ax: do bdt dinh vé vi tri
Av: do bdt dinh vé téc do
m: khéi lwong hat

Theo h¢ thirc nay thi viée xdc dinh toa d§ cang chinh xdc bao nhi€u thi xdc dinh tdc do cang kém
chinh x4c bay nhiéu.

Vidu:

Néu ldy do bat dinh cuia phép do vi tri electron trong nguyén tir Ax la 107'° cm (nguyén tir ¢ duong
kinh c& 10~ cm) thi @6 bat dinh trong phép do toc dg sé la:

so_ 662 107
62891 107% 10710

= 10%cm /s

nghia la gdp mot sai s6 xdp xi bang téc do cua dnh sdng.
4. KHAI NIEM CO BAN VE CO HQC LUONG TU
4.1. Ham s6ng

Trang thdi ciia mot hé vi md s€ hoan toan duoc xdc dinh néu biét quy dao va téc do chuyén dong cua
n6. Trong khi d6 doi véi nhitng hé vi md, do ban chat séng — hat va nguyén ly bat dinh, khéi niém quy
dao khong con y nghia nira.

Trong co hoc luong tir mdi trang thdi ctia mot hat hay hé hat vi md duoc mo ta bﬁng mot ham xac
dinh goi la ham séng hay ham trang thdi y (X, y, z) (doc la: poxi) cua cédc bién s0 X, y, z trong toa do
Decard hay vy (1, 0, @) ctia cdc bién s 1, 0, @ trong toa d) cau.

Ban than ham séng  khong ¢6 ¥ nghia vat 1y gi nhung ? lai c6 ¥ nghia vat Iy rat quan trong.

—? biéu thi mat do x4c suét tim théy hat tai mot diém nhéat dinh trong khong gian.

—yrdv biéu thi xdc sudt tim thay hat tai mot thé tich nguyén t6 dv.

Ung véi y nghia vat Iy ciia w2, ham séng W phai thoa man mot s6 diéu kién nhu: don tri, lién tuc,
gi61 ndi va phai dugc chuan hod.

Ham yphai don tri nghia la chi co mot gid tri tai mot diém xdc dinh, cting chinh la no xdc dinh mot
cdch don gid xdc suat tim thay hat tai mot diem nhat dinh.

Ham yphai lién tuc va gioi noi nghia la né phai tién dan dén 0 khi r tién dan dén vo ciing.
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Ham yphai dvuoc chudn hod. Vé mdt todn hoc diéu kién nay dwoc thé hién & phuong trinh:

_[ w? dv = 1 ¢6 nghia la xdc sudt tim thdy hat trong toan bg khong gian la 1.

Ham séng y nhan dugc khi gidi phuong trinh séng.
4.2. Phwong trinh séng

Co s6 cua co hoc lugng tir 1a phuong trinh séng do nha béc hoc Ao Schrodinger (Sr6dingo) dua ra
nam 1926. B6 1a phuong trinh mo ta trang thdi chuyén dong cua hat vi mod trong khong gian.

Phuong trinh c6 dang nhu sau:

s s s 2m'm
+ + + E - =10
o ¥ . e (E-T) w (1.8)

U: thé nang cua hat
E: ndng lwong toan phan ciia hat
m: khoi luong cua hat
Phuong trinh Schrodinger thudng duogc viét & dang rit gon:

ﬂw+$(E—ij:D (1.9)

2 2
A= G + F + g goi la todn tir Laplas

aXE a}[E 82_2

Dbi voi mot bai todn cu thé, thay U bang biéu thiic tinh thé ning cua hat va giai phuong trinh ta
nhan dugc cdc nghiém vy, y,, ;... ¥_dac trung cho céc trang thdi khac nhau cua hat vi mo6 va céc gia
tri nang luong ng véi mdi trang thai do.

5.NGUYEN TU HYDRO VA NHUNG ION GIONG HYDRO

Nguyen tir hydro 1a nguyén tir don gian nhat. N6 chi gdm mot electron chuyen dong trong truong
thé ctia hat nhan mang dién tich +1. Céc hat He*, Li>* ciing 1a nhiing hé gan giong nguyen to hydro, chi
c6 mot electron. Vi vay phuong trinh Schrodinger cho céc truong hop nay c6 thé giai duoc chinh xdc.
Nhitng két qua thu dugc tir viéc giai bai todn déi véi nguyén tir hydro 1a co sé cho hé théng 1y thuyét vé
cAu tao nguyén tir.

5.1. Phuong trinh Schrodinger ddi véi nguyén tir hydro
Nguyén tir hydro gdm hat nhan mang dién tich + e va mdt electron mang dién tich — e. Do twong tic

tinh dién véi proton, electron c6 mot thé nang U = — e?/r. Tir d6 phuong trinh Schrodinger cho bai todn
nguyén tu hydro cé dang:
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2
ST}:LLEJ:I:L (E + e

Aoy +

Jy=10 (1.10)

T
r: khodng cdch tir electron dén hat nhan

Béi véi truong hop He't va Li®™ biéu thire thé ning sé li:
—Zefr Z la dién tich nhan

Vi truong thé c6 doi xiing cau nén dé€ thuan tién cho vi¢c tinh todn nguoi ta st dung toa do cau. Khi
d6 ham y 1a ham cua cidc bién so0r, 0, @ .

Giai phuong trinh (1.10) nguoi ta duge cdc ham v (r, 0, @), tir d6 tim dugc \|!2 (r, 0, 9) biéu thi xdc

suat tim thay electron tai nhitng diém khéc nhau trong khong gian nguyén tir, ning luong toan phan E,
moémen dong luong M, hinh chi€u cia mémen dong lugng M, cua electron tuong ung voi cdc ham do.

Trong biéu thirc tinh céc dai luong nay xuét hién nhitng con s6 nguyén n, 1, m tuong g duoc goi 1a cdc
sO luong tu.

5.2. Orbital nguyén tir. May electron

Phuong trinh Schrodinger ¢6 vo6 s6 nghiém. D6 1a nhitng ham v (r, 8, @), dugc goi 1a céc orbital
nguyén tr (atomic orbital) viét tat la AO. Nhu vay:

Orbital nguyén tir la nhitng ham séng mo td cdc trang thdi cia electron trong nguyén tu.

Mbi ham song la tich cua hai phén: R, (r) goi la phﬁn ban kinh va phuy thudc vao khoang céachr; Y

(8, @) goi 1a phin géc phu thude cic géc 6, ¢ .
Vom0, 0 =R (1. Y, 0, 0) (1.11)

BANG 1.1. MOT SO ORBITAL CHiNH CUA NGUYEN TU HYDRO
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Ky hiéu orhital R (1) Yir 10.9)

18 e~ 1
2+
£5 1 2 - 1
2.2 24T
2, 1 E
roe — cosd
Eﬁ 47
roe — =ind sin
Eﬁ 'l,’ 47 ¥
2p, 1 E
roeT® — sind cos
Eﬁ 47 ¢

Vidu:

Nghiém don gian nhit md ta trang thdi co ban cta electron (trang thdi e ¢6 ning luong thip nhat)
trong nguyén tir hydro c6 dang:

1

y=deF, —= = = ¢&°

2N

Ham nay chi phu thudc vao bién sb toa d6 r. Tir ham nay ta biét duoc 1|12 (r) biéu thi mat do xdc suét
c6 mdt electron tai vi tri tuong Ung.

Biéu dién su phu thudc cia ham wz theo khoang cach r ta dugc duong cong phan bd mat do xdc suit
c6 mat electron ¢ trang thai co ban (hinh 1.3). Theo d6:

— Mat d6 xdc suat c6 mat electron gidm dan tur hat nhan ra ngoai.

— O khoang céch xa hat nhan 1|12 c6 gid tri nho nhung khong bang 0. (Puong biéu dién khong cit
truc hoanh ma chi tiém can véi tryc nay).

Mot céch hinh anh nguoi ta cling ¢6 thé biéu dlen su phan bd mat dg xéc suit tim thdy electron trong
nguyeén tir bang nhung dau cham Mit d6 cta cdc chdm s& 16n ¢ gan nhan va thwa dan khi cang xa nhan.

Khi d6 orbital nguyén tir giéng nhu mot dam may electron. Dé dé hinh dung ngudi ta thudng coi:

May electron la vang khong gian xung quanh hat nhén trong do tdp trung phan lén xdc sudt cé
madt electron (khodng 90 — 95% xdc suat).

Nhu vay miy electron c6 thé coi 12 hinh anh khong gian cua orbital nguyén tir
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90 — 95% 80 — 95%
a) bl
Hinh 1.3. May 1s (a) va 2s (b)
5.3. Cac sb lwong tir

Nhu da néi ¢ trén cdc sO lugng tir xuat hién trong qud trinh giai phwong trinh Schrodinger dé tim
mot sO dai lugng dac trung cho mot AO.

Nhu vay l1a mdi ham séng ¥ (hay mdi AO) duoc dic trung (dugc xac dinh) bdi 4 tham s6n, 1, m, m,
goi 1a céc s6 luong tir.

5.3.1. S6 lwong tir chinh n
—nnhédncic gidtrita 1, 2, 3.... n.
— n xéc dinh ning lugng cua electron trong nguyén tir theo biéu thirc:

1 2m°me*
E,=- —z 2
jal k

— Céc AO c6 cung n s€ c6 cung mot muc nang lugng va tao ra mot 16p orbital nguyén tur.

n 1 2 3 4. n
Ky hiéu l6p K L M N...
Muc nang lugng  E,; E, E, E ... E

5.3.2. S6 lwong tir phu 1
— Céc gié tri cia 1 phu thudc vao $b luong tir chinh: 1=0, 1,2... (n — 1)

— 1 x4c dinh momen dong lugng cua electron trong biéu thuc:
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M = %.fl(l+l) (1.12)

- Ung voi mat gid tri ciia n (mot 16p) ¢6 n gid tri cua I (n phan 16p)

Lép n

K n=1 =0

L n=2 1=0 1=1

M n=3 1=0 1=1 1=2

N n=4 1=0 1=1 1=2 1=3

Ki hiéu phan16p s p d f

Mudn chi ra mot phan 16p thudc 16p nao ngudi ta viét s6 thir ty 16p trude ky hiéu phéan 16p.
Vidu:

2s chi electron (hayAQO) thudc phan 16p s (1 =0) cua lép 2 (n = 2).

B d(d=2)cccenenn. 3(m=3).

5.3.3. 86 lwong tir tir m

— m nhan céc gid tri tu — 1 dén + 1 ké ca sd 0. Nhu vay irng voi mot gid tri cua l ¢6 21 + 1 gid tri cua
m.

— m xdc dinh hinh chi€u cua momen dong lugng M, cua electron trén mdt phuong z cla truong
ngoai, trong bi€u thtrc:

—
M, = mo— (1.13)

Nhu vy cic AO c6 M, khac nhau (c6 m khac nhau) s€ dinh hudng khéc nhau trong khong gian, m
quyét dinh huéng cia AO hay hudng ciia miy electron.

Phanlép s 1=0 m=0 chi ¢6 mot cach dinh hudng.
Phanlép p =1 m=-1,0,+1 c6 3 céach dinh hudng tuong ung:
px’ pz’ py

Phanlop d 1=2 m=-1,-2,0,+1,+2 ¢4 5 cdch dinh hudng tuong ing:
dxllr’ dyz’ dz2 2 dzz_yZ 2 d'Zix

http://tieulun.hopto.org



5.3.4. S6 lwrong tir spin mg

Nghién clu quang phd cua céc nguyén td ngudi ta thiy can gia thiét thém rang electron ngoai
chuyén dong quanh nhén con tu quay quanh truc riéng ciia né. Chuyén dong nay dwoc goi 1a spin va

duogc dic trung bang s luong tir spin m. m, chi ¢6 hai gid tri 1a: + > va — 5

Nhu vay trang thdi cia mdi electron trong nguyén tir duoc dic trung boi bon sb luong tir n, 1, m, m:

Wa1mm_ dugc goi la orbital toan phﬁn
W, | duoc goi 1 orbital khong gian.

BANG 1.2. TRANG THAI LUONG TU’ CUA ELECTRON THUOC BA LOP PAU

v m AO S5A0 | Sée
Y100 0 1s 1 2
Ya0o 0 2s 1 2
Va1-1 -t 2p,

V210 0 2p, 3 6
Vo141 +1 2p,

V300 0 3s 1 2
V311 -t 3P,

VY310 0 3p, 3 6
V3141 +1 3p,

V322 -2 3d,,

V321 -1 3d,,

Va0 0 3d 4 5 10
V3241 +1 3d.a_

Vo2 2 3d,

5.4. Hinh dang va déu ciia cac orbital (cac may electron)

Nhu d3 biét ham s6ng mo ta trang thdi cia mot electron c6 dang:
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Wi (0, ® =R (1. Y, (6, ¢)
R(r) la phdn bdn kinh, quyét dinh kich thuée ciia AO.
Y (0, @) la phan géc, quyét dinh hinh dang cua AO.
Néu b1eu dién sy phu thudc cua phan géc ctia ham séng vao cdc géc 0, ¢ khi r khong 601 (r dugc
tron nhu thé ndo dé bé mat giéi han thu duoc bao chim mot khong gian trong d6 xdc sudt c6 mit

electron chiém 90 — 95%) thi cdc bé mat gidi han nay cho ta hinh dang cta cic orbital hay cic mady
electron (hinh 1.4).

Mat khdc vi orbital la mdt ham y (x, y, z) hay y (r, 8, ¢) ma cic bién s6 1a cdc toa do khong gian,
nén tuy theo céc tri cua bién ma ham c6 thé c6 gia tri duong hay am. Nguoi ta thudng ghi diu + hodc —
trén mat gioi han biéu dién hinh dang cdc orbital.

Orbital s c6 dang hinh ciu.

Céc orbital p, Py: P, ¢6 hinh sb 8 ndi huéng theo 3 tryc toa dd ox, oy, oz.

Céc orbital dXy dyz, ,x d€u c6 dang hinh hoa thi (4 cdnh) hudng theo dudng phén gidc cua cic géc

tuong ung £ xoy, £ yoz, £ 70X.

Orbital dxg_ 2 c6 dang hoa thi nhung hudng theo 2 truc ox va oy.

Riéng orbital dxg gdm hinh sb 8 ndi hudng theo truc oz va mot vanh khin nam trén mit phang xoy.

Dudi day la hinh dang cua mét so6 AO va dau cua né:
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M

o z
z ¥ ¥
¥ ¥
X X X
2|
p}r pz

Px

g
z
¥ ¥ ¥
L x x
d dyx
d},z

XY

de d,

Hinh 1.4. Hinh dang va sw sap xép trong khéng gian ctia mét sé orbital nguyén te
6. NGUYEN TU NHIEU ELECTRON
6.1. M6 hinh vé cdc hat ddc 1ap hay mé hinh dang hydro
Khéic véi nguyén tu hydro, trong nguyén tir nhiéu electron ngoai nhitng tuong tic giita cic electron
va hat nhan con cé nhu:ng tuong tic gitra cdc electron vdi nhau. Trong trudong hop nay phuong trinh

Schrodinger chira qua nhiéu bién sé nén khong g1a1 dugc chinh x4c. Vi vay nguorl ta phal st dung mot
phuong phép gidi gan ding dua trén mdt mo hinh gan ding thich hop goi 1a mo hinh vé céc hat ddc lap.

Trong nguyén tir nhiéu electron, moi electron chuyén déng ddc ldp véi cdc electron khdc trong mot
truong trung binh co doi xung cau tao boi hat nhdn va cdc electron khdc.

Trén co s d6 nguoi ta xét riéng tung electron, dugc goi la trang thai don electron. Nhu vy, bai todn
N electron da chuyén thanh N bai todn don electron giong nhu truong hop nguyén tr hydro. Nghia la
céc orbital trong nguyén tir nhiéu electron ciing dugc dic trung bang cdc sd luong tir n, 1, m, mg va co

hinh dang twong tu nhu & nguyén tir H, chi khdc vé kich thudc va ning luong.
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6.2. Quy luat phan b céc electron trong nguyén tir
6.2.1. Nguyén Iy ngan cdm Pauli (Paoli-Thuy Si). Sé electron toi da ¢ méi lop
Trong nguyén tir khong thé cé hai electron giong nhau cd bon sé lwong tir.

Diéu nay ciing c6 nghla 1a trong mot nguyén tir néu hai electron duoc md ta bang ham séng Voim €O

cdc sb luong tir n, 1, m gidng nhau thi ching phai c6 spin khéc nhau, s6 luong tir thir tu phai khic nhau.

Vi s6 luong tur spin chi ¢6 hai gid tri nén theo nguyén ly Pauli didu d6 cling ¢6 nghia 1a trong moi
AO chi c6 thé ¢6 t01 da hai electron. Tur d6 ta c6 thé tinh duogc s electron tbi da trong mdi phan 16p
(phan muc), trong mdi 16p.

Ung v6i mot gid tri cia n ¢6 n gid tri cia L.

Ung voi mot gid tricual ¢ (21 + 1) gid tri cua m.

< 2 2 . .z . 1 i 1 A A e 3 2 A A N LA A

Vimg chi c6 hai gid tr1 + E va— ET nén phan muc 1 chi c6 nhiéu nhat 2(21 + 1) electron va tong so6

electron cia mot muc (hay 16p) sé€ la:

I=n-1

3 2(2 +1) = 2n° (1.14)
1=0
Vidu:

Phan mtc S (1=0) ¢61AO (s), ti da c6 2 electron

Phan muc p (I=1) ¢c63AO0(p,, Py p,) t6i da c6 6 electron

Phan muc d 1=2) ¢65A0, tdi da c6 10 electron

Phan muc f 1=3) ¢67AO0, tdi da c6 14 electron

O mirc n=1 c¢62electron

O murc n=2 co6 8 electron (2e & phan mic s + 6e ¢ phan muc p)

O mic n=3 co6 18 electron (2e ¢...s + 6€ §...p + 10e ¢... d)

O muc n=4 cbd32electron (2e 6s+6e 6 p+ 10e 6 d+14e 6 1)

6.2.2. Nguyén Iy viing bén. Cau hinh electron ciia nguyén tir
Trong nguyén tir cdc electron chiém lan lwot cdc orbital c6 nang lrgng tir thap dén cao.

. Bang phuong phdp quang phd nghiém va tinh todn 1y thuyét nguoi ta da xdc dinh duoc tht tu ting
dan nang lugng cua cidc AO theo day sau day:
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1s 2s 2p 3s 3p 4s = 3d 4p Ss = 4d Sp 6s = 4f = 5d 6p 7s 5f = 6d 7p...

Dé nhé duogce th tu bac thang ning luong ndy ta ding so do sau:

d 7t

///

Diy ning lugng nay tudn theo mot quy tic sau day goi 1a quy tic Kleskovxky:

— Mtc nang lugng cua AO tang dan theo tri s6 (n+1)
Vidu:

3s(3+0)<3p 3 +1); 4s(4+0)<3d(3+2)

— Hai AO c6 (n+]) bang nhau thi AO nao c¢6 n 16n hon s& ¢6 ning lugng cao hon.
Vidu:

dp(4+1)<5s(5+0); 4d(4+2)<5p(5+1)

_ Duya vao nguyén ly Pauli va nguyén ly viing bén nguoi ta c6 thé biéu dién nguyén tir cia mot nguyén
t0 bang cau hinh electron.

Dé c6 cau hinh electron cua mot nguyén t6, trudc hét ta dién dan cdc electron vao bac thang ning
lugng cua cac AO. Sau do6 sap xép lai theo tung 16p AO.

Vidu:
He (z=2) 1s2
Li (z=3) 12 25!
Cl  (z=17) 12 252 2p° 3§ 3p]
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Sc  (z=21) 1s*2 282 2p® 32 3p®  3dl 442
Chii y: ¢6 mot s6 ngoai 18:

Cu (z=29) 1> 2% 2p% 32 3pb 34D 4

Cr  (z=24) 1s2 282 2p® 352 3p0 3& 4l

CAu hinh 341 451 (trang thdi voi bdo hod) bén hon cdu hinh 34° 452

Cic nguyén té Ag (z = 47) va Au (z = 79) ciing c¢6 céu hinh twong tu Cu

CAu hinh 345 45! (trang thai voi ntra bio hoa) bén hon ciu hinh 34* 452

Nguyén t6 Mo (z = 42) ¢6 c4u hinh twong tu Cr
6.2.3. Quy tic Hund (Hun — Pikc). Céu hinh electron dang 6 luwong tiv

Ngoai cach biéu dién cdc AO dudi dang cong thitc nhu trén, ngudi ta con biéu dién moéi AO bang
mot 6 vuodng goi la 6 luong tir. Cac AO cta cung mét phan mirc dugce biéu dien bang nhitng 6 vudng
lién nhau. Vi du:

1s 23

2
0 O [0 [OIII0

Trong mdi & luong tir chi c6 thé c¢6 2 electron c6 spin nguoc nhau dugc biéu dién bang 2 miii tén

nguoc nhau

Trén co s¢ thuc nghiém Hund da dua ra mdt quy tac phan bo cac electron vao cic 6 lugng tor nhu
sau:

Trong mot phdan mirc cdc electron co xu huong phdn bo déu vao cdc 6 luong tir sao cho so electron
doc than la lon nhat.

Vidu:
M {z=T 152 252 3

M [

Thong thuong chi can viét cau hinh electron doi véi cdc phan mtrc ¢ 16p ngoai cuing va phan mtc d
hodc f ¢ 16p sat ngoai cing ma chua bao hoa.

Can luvu ¥ rang cau hinh néi trén 12 dbi véi cdc nguyén tir & trang thdi co ban. Khi bi kich thich
electron c6 thé nhay 1én nhiing phan murc cao hon trong cing mot mirc nang lugng.

Vidu:
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23 2p
C (z=6) (}[#] ]  trang thai co ban
C* [+] trang théi kich thich.

Nhu vay ¢ trang thdi co ban C c6 hai electron dgc thén con ¢ trang théi kich thich (dugc ky hiéu 1a
C*) C* ¢6 bon electron doc than. Chinh cdc electron ddc than nay la céc electron hoa tri.

7. HE THONG TUAN HOAN CAC NGUYEN TO HOA HQC
7.1. Pinh luit tuin hoan Mendeleev (Mendéléep — Nga) 1869

Tinh chat cua cac nguyen t6, thanh phan va tinh chit ctia cdc hop chét tao nén tir cic nguyén t6 d6
bién thién tuan hoan theo chiéu ting cua khéi luong nguyén tir.

Ngay nay dinh luét tudn hoan dugc phét biéu chinh xdc hon bing cdch thay cum tir khdi luong
nguyén tir bang cum tur dién tich hat nhan.

Trén co s& dinh luét tuan hoan, Mendeleev sap xép mot cdch c6 hé thdng cdc nguyén td thanh mot
bang gom nhirng hang va cot goi la bang tuan hoan (BTH) cac nguyén t6 hoa hoc.

7.2. BTH céc nguyén t hoa hoc
7.2.1. Nguyén tic sip xép cdc nguyén té trong BTH

— Cac nguyén t6 duoc sap )gép theo thtr tu ting dan cua dién tich hat nhan. S6 dién tich hat nhan
trung véi so thur ty cua nguyén to.

— Céc nguyén t6 c6 tinh chat hod hoc gidng nhau dugc xép trong cling mot cot.

— Mbi hang (bang dai) dugc goi 1a mot chu ky. Mdi chu ky duoc bét dau bang mét kim loai kiém,
(trr chu ky 1, bat dau bang hydro) va duoc két thic bang mot khi hiém.

7.2.2. Céu triic ciia BTH
— BTH gdm 7 chu ky:
Chu ky 1 ¢6 2 nguyén tb
Chu ky 2 va 3, mdi chu ky c6 8 nguyén tb
Chu ky 4 va 5, mdi chu ky c6 18 nguyén td
Chu ky 6 ¢6 32 nguyén tb
Chu ky 7 ¢6 24 nguyén tb (chua hoan thanh)
— 14 nguyén t6 dimg sau lantan thudc chu ky 6 goi 12 céc lantanit.

— 14 nguyén t6 dimg sau actini thudc chu ky 7 goi 1a céc actinit.
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Cic lantanit va actinit xép ra ngoai bang thanh hai hang, mdi hang 14 nguyén td.

— Trir cic nguyén t6 duoc xép ra ngodi bang, mdi chu ky dai (trir chu ky 7) ¢6 18 nguyén t6 xép
thanh 18 cot.

— Céc nguyén t6 thudc cdc cot 1, 2 va cdc cot tir 13 dén 18 tao thanh 8 nhém dénh sb tir IA dén
VIIIA duogc goi la cdc nhém chinh hay cdc nhém A.

— 10 ¢4t con lai tao thanh 8 nhém phu (nhém B) ddnh s6 theo thtr tu IIIB... VIIIB va sau d6 1 IB va
IIB. Moi cdt tao thanh mot nhém, rieng nhém VIIIB gom 3 cot.

VA | VIIA | CK
1A |IIA - & N
BANG TUAN HOAN ,
1 CAC NGUYEN T8 HOA HOC WA (WA ¥A VA e |
H
4 il T L} 4 1d 2
Li |Be B o N 0 F Me
1 |12 e 11 |14 [15 |16 |17 [18 |3
¥E [¥E |¥IB |¥IEB YilB B 1] )
Na | Mg Al s |F |8 Cl | Ar

19 |20 |21 (22 |23 |24 |25 (26 |27 |28 (29 |10 |H 37 |33 |34 (35 |36 4

I |38 |39 |40 |41 |42 (43 |44 |45 |45 |47 |48 |49 0 |51 |52 |53 |54 ]
Rb | &r |Y Ir (Nb Mo |Tc |Ru |RR |Pd [Ag [Cd [In Sn |8b | Te |l Xe
g5 |88 |57 |72 (V3 (¥4 |T§ |6 |77 |TH (T8 (HD (@1 82 |H3 |B4 |B5 (A4 g
Cs [Ba |La ?FW Ta |W |Re [Os [Ir Ft |Au |Hg |[TI Pb |Bi |Po |At [Rn
T 59.5 104 | 105
Fr |Ra |Aci: Ku

59 | 89 | &0 (461 |62 |63 |64 |65 |66 (67 |68 |69 [TD | T
Ce | Pr [ Nd |Pm | &m | Eu | Gd [Tb | Dy |Ho [Er | Tm | ¥b | Lu

90 |91 |92 |93 [94 |95 |96 |97 |98 (99 (100 | 101 | 102 | 103
Th | Pa | U Np [Pu | Am [ Cm | Bk [ Cf | Es [ Fm | Md [ No | Lr

aaaaaaaaaaaaaa
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BANG 1.3. CAU HINH ELECTRON CUA MOT SO NGUYEN TO

Chu| z Nguyén | Cau hinh electron | Chu z Nguyén | Céau hinh electron
ky to ky to
1 1 H 1g] 55 Cs [Xe] 6s'
2 He 1g2 56 Ba 652
3 Li [He] 2s' 57 La 5d" 6s2
4 Be 252 58 Ce 42 5d0 652
2 5 B 2s2 2p! 59 Pr 413 5d° 6s2
6
10 Ne 2s? 2p® 63 Eu 417 5d0 6s?
11 Na [Ne] 3s! 64 Gd 417 5d1 6s?
12 Mg 352
3 13 Al 3s? 3p' 71 Lu 4114 54" 6s2
72 Hf 5d? 6s?
18 Ar 3s? 3p®
19 K [Ar] 4s! 80 Hg 5d10 6s2
20 Ca 452 81 Tl 6s2 6p'
21 Sc 3d" 4s?
4 86 Rn 6s? 6p°®
30 Zn 3d10 452 87 Fr [Rn] 7s'
31 Ga 3d'04s2 4p! 88 Ra 752
89 Ac 6d' 752
36 Kr 3d'04s2 4p® 90 Th 6d2 7s?
37 Rb [Kr] 5s! 7 |9 Pa 5f2 6d' 7s?
38 Sr 5g2
39 Y 4d1 552 93 Np 5f46d! 752
5 48 Cd 96 Cm

http://tieulun.hopto.org



4d10 552 5f7 6d' 7s2
49 In 4d10 552 5p1 97 Bk 5% 6d0 752
54 Xe 4d'0 552 5pb 103 | Lr 5f14 6d' 7s2
104 Ku 6d2 7s2

7.3. CAu hinh electron ciia cic nguyén té trong BTH

Chu ky 1: Gom 2 nguyén td, c6 mot 16p electron, céc electron 1an lugt dién vao 1s. Ngudi ta goi céc
nguyén t0 nay la nguyeén to s.

Chu ky 2: Gom 8 nguyén td, ¢6 hai lorp electron. Lop trong ¢4 cau hinh electron cta He. Hai nguyen
t6 dau 1a cdc nguyén td s (2s). Cic nguyén té tiép theo, sb electron dugc dién vao hai phan 16p 2s va 2p,

trong d6 phén 16p 2s da bao hoa, con phén 16p 2p ¢ s6 electron ting dan tir 2p dén 2p . Céc nguyén tb
nay goi la cac nguyén to p.

Chu ky 3: Gom 8 nguyén tb, c6 ba 16p electron. Céc 16p trong c¢6 cau hinh electron ctia Ne. Hai

nguyén té dau 12 cdc nguyén t6 s (3s). Sdu nguyén td tiép theo 1a cdc nguyén td p (3p1 - 3p6).

Chu ky 4: Gom 18 nguyén t, c6 bdn 16p electron. Céc 16p trong c6 cAu hinh electron cta Ar. Hai
nguyén t6 dau 1 cdc nguyén td s (4s). Mudi nguyén td tiép theo, céc electron duoc dién vao hai phin

16p 3d va 4s, trong dé phan 16p 4s da bao hoa, con phan 16p 3d c6 so electron tang dan tir 3d! dén 3d10
Cac nguyén té ndy goi 12 cc nguyén té d hay cdc nguyén té chuyén tiép. Cubi ciing 12 sdu nguyén té p

(4p! - 4p°).

Chu kyp 5: Gom 18 nguyén t5, c6 nam 16p electron. Céc 16p trong c6 ciu hinh electron cua Kr. Hai
nguyén t6 dau 1a cdc nguyén té s (5s). Tiép theo 1a mudi nguyén t6 d 4d! - 44'9). sau nguyén té cudi
cling 1a cdc nguyén td p (5p1 - 5p6).

Chu ky 6: Gom 32 nguyén t6. Ngoai cdc nguyén t6 s, p, d nhu & chu ky 5 con thém 14 nguyén t6 f.
Cic nguyén t6 f nay c6 hai 16p electron ngoai ciing giéng nhau 5d! 6s2 nhung phan 16p 4f ¢6 sd electron
1n luot tir 4f! dén 4f14,

Chu ky 7: Chu ky chua ket thic, tuy nhién theo quy ludt ngudi ta du dodn phai gom 32 nguyén to.
Vi cdc nguyén té hién biét, cAu hinh electron c6 sy lap lai twong tu nhu cdc nguyén t6 chu ky 6.

Nhan xét:
— Chu ky 1, 2, 3 1a cac chu ky nho chi gom cic nguyén td s va p. Cic nguyén td nay duoc Xep vao

cdc nhom chmh (nhém A) cua BTH. Tong s electron thudc 16p ngoai ciing (s + p) bang chi sb cua
nhém. S6 16p electron bang chi sé chu ky.

Nhém A A MA IVA VA VIA VIIA VIIIA
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| Cau hinhe | &' g2 s2p' s2p2 s2p3 s2p* s2p5

SZpG |

— Chu ky 4, 5 1a cac chu ky 16n ngoai cac nguyén tf) s va p voi cau hinh electron tuong ty nhu cac
nguyén to thudc chu ky nhd, con c6 thém 10 nguyén t6 d. C4c nguyén t6 nay dugc xép vao cdc nhém
phu (nhém B) ctia BTH.

Nhém 1B 1B B IVB VB VIB | VIIB VIIIB

Céau hinh e | g10g! d10g2 d's2 d2s2 d3s? dos! | dbs? d® d” d8s?

— Chu ky 6, 7 1a céc chu ky 16n, ngoai céc nguyén t s, p va d twong tu nhu cdc nguyén td thudc chu
ky 4, 5 con ¢6 thém 14 nguyén to f dugc xép thanh hai hang dudi BTH.

Biét s6 thu ty cua mot nguyén t6 ngudi ta ¢ thé biét dugc cau hinh electron ciia né. Tir d6 suy ra
duoc vi tri cua nguyén to trong BTH.

Vidu:

Biét sb thu tu cua nguyén t6 1an luotlaz=9, 11, 18, 25, 34. Tacd céu hinh electron nhu sau:

=9 1s4- 282 - 2p° Chuly 2, nhém VIIA
=1 11s%—2g2—2pf -3l RUCT 14
z=1 81s%— 282 - 2p5 — 352 - 3pb 3 VIIA
z=2 S51g%— 262 - 2p5 — 322 — 3pb — 340 42 - . WIIE
2=3 41g% - 252 — 2p8 — 322 — 3pb 310442 _ 48 L4 WVIA

7.4. Bien thién tuan hoan mot so tinh chat cia cac nguyén to

Su l3p lai tuan hoan céu hinh electron cua nguyén tir theo chleu tang cua di¢n tich hat nhan chinh la
nguyén nhan cta su lp lai tudn hoan cic tinh chat ciia nguyén td.

7.4.1. Bién thién tinh chdt trong mét chu ky

Khi di tir du dén cudi chu ky, dién tich hat nhan ting dong thoi ban kinh lai giam di. Két qua 1a lam
tang luc hut gitra hat nhan va electron 16p ngoai cung, c6 nghia la lam giam tinh khtr va tang tinh oxy
hoa.

Céc khi hiém ¢6 céu hinh bio hoa (ns> np6) nén rat bén viing, khong cho va cting khong thu thém
electron nén héu nhu khong tham gia vao phan ung hod hoc. Nhu vay moi chu ky (trir chu ky 1) duge
bat dau bang mot kim loai kiém va ket thiic bang mot khi hiém.

Tbc do bién thién tinh chét cua cic nguyén to & céc chu ky nho rat nhanh. Trong khi d6 & cdc chu ky
16n chdm hon nhiéu, chu ky cang 16n toc do bién thién cang cham. Vi du ¢ chu ky 2 chi ba nguyén to
dau (Li, Be, B) da chuyen tor mOt kim loai manh (Li) sang mét phi kim. Nhung & chu ky 4, tir K dau chu
ky dén Ga (qua 11 nguyén td) van 1a mot kim loai.

BANG 1.4. BAN KiNH NGUYEN TU’ CUA MOT SO NGUYEN TO (A)
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1A A | A | IVA ‘ VA ‘ VIA | VIIA VIIIA
H He
0,37 1,22
Li Be B Cc N (o) F Ne
1,52 1,13 0,88 0,77 0,70 0,66 0,64 1,60
Na Mg Al Si P S Cl Ar
1,86 1,60 1,43 1,17 1,70 1,04 0,99 1,91
K Ca Ga Ge As Se Br Kr
2,31 1,97 1,22 1,22 1,21 1,17 1,14 2,01
Rb Sr In Sn Sb Te I Xe
2,44 2,15 1,62 1,40 1,41 1,37 1,33 2,20
Cs Ba Tl Pb Bi Po At Rn
2,62 1,17 1,71 1,75 1,46 1,40 1,40 -
Fr Ra
2,70 2,20

7.4.2. Bién thién tinh chdt trong mét phén nhém chinh

Trong mot phén nhém chinh, theo chiéu tir trén xudng dudi, tinh khir tang dan va tinh oxy hod giam
dan. D6 1a vi, di tir trén xudng, ban kinh nguyén tir tang dan (tang 5O 16p electron), dién tich hat nhan
cling tang, nhung ban kinh ting nhiéu, anh hudng 16n dén luc hit gitta hat nhn va electron ngoai cling.

7.4.3. Bién thién tinh chdt trong mét phdn nhém phu

Tinh chat hod hoc clia cdc nguyén t6 glu:a céc phan nhém chinh rat khac nhau. Tir kim loai dién hinh
dén phi kim, khi hiém. Con céc nguyeén t6 thugc phan nhém phu du cho ¢6 tinh chét khéc nhau ciing deu
12 kim loai. Piéu d6 cho thdy su bién thién tinh chét & cic nguyén t6 thudc phan nhém nay (nguyén t d
va f) 12 rat chAm chap.

Cic nguyén tb d thudc ciing mot phan nhém phu c6 phén 16p d sét 16p ngoai cung va 16p ngoai cung
glong nhau. Chiing chi khdc nhau v€ ban kinh nguyén tr va di¢n tich hat nhan. Theo chiéu tir trén
xudng, dién tich hat nhan ting nhiéu nhung ban kinh nguyén tr tdng khong dang ké, dan dén ting lyuc
hdt cta hat nhan dbi véi electron & 16p ngoai ciing. Do d6 tinh kim loai giam.

Vidu:

Phan nhom IB Phan nhom IIB
Cu 7Zn
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Ag
Au

cd
Hg

Trong nhém IB Cu 1a kim loai twong dbi hoat dong nhung Au 12 kim loai tro.

Trong nhém IIB ciing tuong tu: Zn c6 tinh khir manh, Hg c6 tinh khtr yéu, démg sau H trong diy
hoat dong cua kim loai.

BANG 1.5. CAU HINH ELECTRON LOP NGOAI CUNG CUA CAC NGUYEN TO NHOM A

1A A A IVA VA VIA VIIA VIIIA

H He
1s! 152
Li Be B C N 0] F Ne
2s! 252 2s22p! | 2s%2p? | 2s22p® | 2s2p* | 2s%2p5 | 25%2p6
Na Mg Al Si P S (o] Ar
3s! 3s2 3s23p! | 3s23p? | 3s23p® | 3s23p* | 3s23p® | 3s23pb
K Ca Ga Ge As Se Br Kr
4s! 452 4s24p! | 4s24p? | 4s24p3 | 4s24p* | 4s°4pd | 4s24pB
Rb Sr In Sn Sb Te 1 Xe
5s' 5s2 5s25p! | 5s25p? | 5s25p® | 5s25p* | 5s25p® | 5s25p®
Cs Ba Tl Pb Bi Po At Rn
6s' 652 6s%6p' | 6s26p? | 6s26p3 | 6s%6p* | 6s°6p® | 65°6p°
Fr Ra
7s! 752

BANG 1.6. CAU HINH ELECTRON LOP NGOAI VA SAT NGOAI

CUA CAC NGUYEN TO NHOM B
IB IiIB B IvB VB VIB ViIB VIlIB

Cu Zn Sc Ti \' Cr Mn Fe Co Ni
3d194s" | 3d"04s? | 3d"'4s? | 302452 | 3d%4s? | 3d%4s' | 3d%4s? | 3d%4s? | 3d74s? | 3d®4s?
Ag Cd Y Zr Nb Mo Tc Ru Rh Pd
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4d105s1 | 4079552 | 4d'552 | 4d25s2 | 4d%5s! | 4d55s! | 4d85s? | 4d75s! | 4d85s! | 4019580

Au Hg La Hf Ta w Re Os Ir Pt

5d1%6s! | 5d1%6s? | 5d'6s2 | 5d26s2 | 5d36s? | 5d*6s? | 5d°6s? | 5d6s2 | 5d76s? | 5d%6s’

Ac

6d17s2

Chii y: ¢6 mot s6 bat thuong & cdc nguyén td: Nb, Tc, W, Pd va Ru, Rh.

<

CAU HOI TU LUONG GIA

1.1. Phit biéu hai dinh dé ctia Bohr. Hay néu nhitng wu diém va han ché cua thuyét Bohr vé
cau tao nguyén tu.

1.2. Noi dung va biéu thirc ctia nguyén ly bat dinh Heisenberg. Ap dung biéu thuc
Heisenberg hay tinh Dx hodc Dv trong c4c truong hop sau va cho nhan xét:

Qua béng ban bay, biét m = 10g, Ax = 0,0lmm.
Electron trong nguyén tir, biét Av = 106 mys.

1.3. Noi dung cua thuyét séng vat chat va hé thirc De broglie. Tinh budc séng 1 ciia séng
lién két voi:

Chuyén dong ctia mot 6 t6, khdi lugng m = 1tén, tbc do v = 100 km/h.
Chuyén dong cua electron trong nguyén tir véi téc do v = 10 m/s
Cho nhan xét.

1.4. Tai sao nguoi ta n6i phuong trinh Schrodinger 1a phuong trinh co ban cua co hgc luong
tir? Hay cho biét khdi niém v& ham séng W va ¥ nghia vat 1y cta y>.

1.5. Viét phuong trinh Schrodinger ddi véi nguyén tir hydro. Giai thich céc ky tu trong
phuong trinh. Orbital nguyén tu la gi?

1.6. Viét biéu thic todn hoc ctia ham séng md ta trang thdi co ban cua electron trong
nguyén tr hydro.

Tu ham d6 suy ra sy phan bo mat do xac suat c6 mat cua electron nhu thé nao? Thé nao la
may electron?

1.7. Hay viét nhimng biéu thirc tinh ning lwong, momen ddng lwong, hinh chiéu ciia momen

dong lugng (trén mot phuong xdc dinh) cua electron trong nguyén tir hydro va cho biét y
nghia cua cdc so luong tu.
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1.8. Tinh ning lrong ma nguyén tir hydro hip thu khi electron chuyén tir trang thdi c6 n = 1
1én trang thai c6 n = 2.

1.9. Cho céc ham s c6 ky hiéu nhu sau: Vo Rop Y Mbi ham nay phu thudc vio

n,l;
nhirng bi€n s6 nao? Y nghia ciia moi ham so6 nay.

1.10. Cic obital toan phan ctia nguyén tir (W tlrer ) dugc ddc trung bang 4 s6 luong tir. Hay
cho biét cdc gid tri ¢6 thé ¢6 cua céc s6 lugng tir d6. Tir d6 tinh s6 phan 16p trong mot 16p,
s0 AO, s0 electron trong mot phan 16p, trong mot 16p.

1.11. Hay cho biét hinh dang cua cdc ddm may electron 2s; 2p,;3d,,; 3dz 2 va chird dic

diém cua cdc ddm may d6. Sy khdc nhau gilra cdc ddm may 1s va 2s; 2p, va 2py, 2p,.

1.12. Cho cdc orbital nguyén tur: 1s; 2s; 2p; 2py; 2p,. Hay viét cdc ky hiéu AO tuong tmg

v@icdce sO lugng tiry .

1.13. Xét cac AO sau day trong nguyén tir hydro: ¥, o 0. W, | 13 W3, o (cdc orbital dugc dac

trung bang 3 s6 lwong tir n, 1, m goi 14 cdc orbital khéng gian). Hiy v& hinh dang cic AO
do.

1.14. Quy tic Kleskovxky va gian dd cdc phan muc nang lugng dbi voi nguyén tir nhiéu
electron. Gian d6 nay c6 y nghia nhu thé nao?

1.15. Hay cho biét ndi dung ctia nguyén 1y virng bén va y nghia ctia nguyén 1y nay.
1.16. Phét biéu nguyén Iy Pauli va néu y nghia ctia nguyén Iy nay.

1.17. Giai thich tai sao mdi bd 4 s6 luong tir dudi ddy khong thé 1a bo 4 sb luong tir ctia mot
electron trong mot nguyén tir nao do:

Dn=3,1=43 m1=+1,ms=+%
1
]::-:II‘1=3,1=—1,I‘I‘11=+2,1ns=+E
1
E:]In=2,1=+1,ml=+2,ms=—E
1
din=4, 1=43, m1=—4,ms=—§

1.18. Hay 1ap bang cdc gia tri 4 s6 luong tir cho ting electron & trang thai binh thudng ciia
nguyén twr nito.

1.19. Phit biéu quy tic Hund va néu y nghia cia quy tic ndy.

1.20. Viét cu hinh electron cta cic nguyén t6 c6 sb thir tu z = 28; 36; 37; 42; 47; 53; 56;

http://tieulun.hopto.org



80. Hay cho biét vi tri ctia nguyén td trong BTH va tinh chét hod hoc dic trung.
1.21. Giai thich vi sao

@) (z=8)codhoatri2con S (z=16)lai cé cac hoa tri 2, 4, 6.

N (z=7)céhoatri3conP (z=15)1ai cédcac hoatri 3,5

F (z=9)céhoatrilconCl(z=17)laicécachoatri 1, 3,5, 7.
1.22. Viét cAu hinh electron ctia céc ion: Cut, Cu?ts Fe2t, Fe3t; Mn2t, Mn'*.

1.23. Viét cau hinh electron cua Ar. Nhitng cation, anion nao c6 cau hinh electron giong
Ar?

1.24. Trén co sé cu tric nguyén tu c6 thé phan cdc nguyén t6 hod hoc thanh méy loai
(kh61)? Hay néu dac diém cau tao electron cia moi loai (khoi).

1.25. Phat biéu dinh luat tudn hoan céc nguyén t6 hod hoc. Trinh bay nhitng nguyén tic sip
x€p cac nguyén to trong BTH.

1.26. Néu dic diém ciu hinh electron cua cdc nguyén t6 nhém TA va tinh chét hod hoc dic
trung cua chung.

1.27. Néu dic diém cu hinh electron cia cdc nguyén t6 nhém VIIA va tinh chit hod hoc
dac trung cua ching.

1.28. So sénh céu hinh electron cua céc nguyén t6 nhém IA va IB: IIA va IIB: IB va IIB.

1.29. Hay giai thich sy bién thién tudn hoan tinh chat cia cdc nguyén t6 theo chiéu tang dién
tich hat nhan (1ay chu ky 2 va chu ky 3 1am vi du).

1.30. Hay so sanh sy bién thién tinh chét cua cdc nguyén td trong chu ky nhé va chu ky 16n
(lay chu ky 3 va chu ky 4 lam vi du).

1.31. Hay so sanh va giai thich sy bién thién tinh chét ciia cdc nguyén t6 trong mot nhém A
va nhém B (lay nhém IIA va IIB 1am vi du).

1.32. Radi (Ra) z = 88 la nguyén t6 kim loai kiém thd. Hay cho biét nguyén t6 kim loai
kiém tho tiép theo s€ c6 soO thir ty bao nhiéu?

1.33. Su nghién cau hién nay hu:orng vé diéu ché cic nguyén tb c6 s thu ty 112 va 118. Hay
cho biét chiing thudc loai nguyén 6 gi (s, p, d,...)?

Bai 2
LIEN KET HOA HOC VA CAU TAO PHAN TU
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MUC TIEU
1. Binh nghia va néu duoc moi quan hé giita cdc dai lwong ddac trung cua lién két.
2. Néu dwoc ban chat va cho vi du cdc thuyét c6 dién vé lién két.
3. Trinh bay dwoc nhitng ludn diém co ban ciia thuyét lién két hod tri (VB).

4. Néu duoc nhing dac diém cua cdc kiéu lai hod va biéu dién dwoc cau triic khong gian cua
mot s6 phan tw dién hinh.

5. Trinh bay dwoc nhitng ludn diém co ban cia thuyét orbital phan tir (MO) va viét duwgc cdu
hinh electron cua mgt s6 phan tw va ion.

MO PAU

e Trir mét sb khi hiém, céc nguyén tir khong ton tai doc 1ap ma ching thuong lién két véi nhau tao
nén cac phan tu. Vay cac phan tir dugc hinh thanh nhu thé nao? Ban chat cua cac lién két 1a gi?

o Nim 1913 thuyét cau tao nguyén tr ctia Bohr ra doi thi chi ba nim sau (1916) da xuat hién nhiing
1y thuyét dau tién ve lién két.
e Nam 1926 cac thuyét co hoc lugng tir méi vé lién két ra doi.
1. MOT SO PAI LUQNG CO LIEN QUAN PEN LIEN KET

1.1. P9 am dién cia nguyén t6

Do am dién 12 dai luong cho biét kha ning nguyén tir cia mot nguyén td hit electron lién két vé phia
nod. ¥ cang 16n thi nguyén tur cang de€ thu electron

I, +E,

tam 7

1,: Nang luong ion hod (con goi 1a thé ion hod) d6 12 ning luong can dé tich mot electron ra khoi
nguyén tr A. I cang 16n thi nguyén tir cang khé nhuong electron.

E\: Ai lyre electron, d6 1a nang lugng toa ra khi nguyén tir A nhan dugc mot electron. E cang 16n thi
nguyén tir cang dé thu electron.

Ngudi ta con phan biét: thé ion hod thir nhét, thtr hai hay 4i luc electron thu nhat, thtr hai twong tng
véi viée tach (hay nhan) electron thtr nhat, thir hai. I va E thuong dugc tinh bang don vi eV.

Trong phan tng: A + B - AB
Néu Xg > X thi electron lién két s& 1éch hodc di chuyén vé phia nguyén tir B.

Dé hinh thanh lién két gita A va B ¢6 hai khd ndng:
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A E — AYR-
7y Eg
=
|
A E — A-RY
Es Ig

Kha nang xay ra la kha nang nao toa ra nang lwong lon hon

Kha nang thir nhdt xay ra néu Ep-1,>E, - I

két tacn ning heong 58 14
Er-14

két todn ning heong 58 ld

Tifd‘éEB+IB>EA+IB

Turc lazB >X4

Ea-Ig

Ngudi ta quy ude ldy d6 4m dién ctia Li 1a 1 thi cdc nguyén t6 khic s& ¢6 do am dién twong di nhu

sau theo thang d0 am di¢n cta Pauling.

BANG 2.1. PO AM PIEN CUA NGUYEN TU MOT SO NGUYEN TO

IA A A IVA VA VIA VIIA
H
2,1
Li Be B Cc N (o) F
1,0 1,5 2,0 2,5 3,0 3,5 4,0
Na Mg Al Si P S Cl
0,9 1,2 1,5 1,8 2,1 2,5 3,0
K Ca Ga Ge As Se Br
0,8 1,0 1,6 1,8 2,0 2,4 2,8
Rb Sr In Sn Sb Te |
0,8 1,0 1,7 1,8 1,9 2,1 2,5
Cs Ba TI Pb Bi Po At
0,7 0,9 1,8 1,9 1,9 2,0 2,2
Fr Ra
0,7 0,9
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Nhan xét:

— Trong mot chu ky, tir trdi sang phai do am dién ctia cic nguyén tb ting dan.

— Trong mgt nhém A, tir trén xudng dudi do am dién gidm dan.

— Céc nguyén t6 kim loai kiém c6 ¥ < 1, Fr ¢6 ¢ nho nhét.

— Céc nguyén tb phi kim c6 3 > 2, F ¢6  16n nhit.

1.2. Ning lwong lién két

Nang lugng cia mot lien kef:t 1a nang luong can thiét dé pha vo mdi lién két d6 va tao ra cac nguyén
tor ¢ thé khi. Nang lugng lién két thuong ky hi¢u E va tinh bang Kcalo cho mot mol lién két.

Vi du: ning lwong cta lién két H — H trong phan tir H,; By iy = 104 Kcal/mol.

Ning lugng lién két cang 16n thi lién két cang bén.

D6i v6i cdc phan tir ¢6 s lién két gidng nhau nhiéu hon 2 ngudi ta ding dai lugng ning luong trung

binh cua lién két.

Vidu:

Trong phan tir H,O ¢6 2 lién kétO-H

E,_,, tht nhit bang 118 Kcal/mol

E, ,, tht hai bang 102 Kcal/mol. Vi vay E , trung binh bang 110 Kcal/mol.

Tuong ty nhu vay, gid tri E.,_; trong CH, 1a trung binh cdng néang luong cua 4 li€n két C-H.

1.3. P§ dai lién két

Do dai lién két 12 khoang cdch giita hai nhan nguyén tir khi dd hinh thanh lién két. D6 dai lién két
thuong ky hi¢u I, va duoc tinh béng A (IA = 10_80m).

Do dai lién két cang nho thi lién két cang bén viing.

BANG 2.2. PO DAI LIEN KET VA NANG LUONG LIEN KET CUA MOT SO LIEN KET

Lien két Phan to r (A) E (Kcal/mol)
C-Cl CHCl, 1,77 75,8
C-F CH,F 1,38 116,3
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Cc-C C.Hap 5 1,54 79,3
C=C C,H,, 1,34 140,5
c=C C.Hp s 1,20 196,7
H-H H, 0,74 104,0
0=0 0, 1,21 118,2
O-H H,O 0,96 109,4
S-H H,S 1,35 96,8
N-—H NH, 1,01 92,0
Nhdn xét:

— O céc lién két cing loai (vi dy C1 - C va F— C; O —H va S — H) khi E cang 16n thi r, cang nho.
1.4. P§ bdi ciia lién két
S6 lién két dugc hinh thanh gita hai nguyén tir cho trude duoc goi la do bdi cua lién két. Vi du @6

boi cua lién két gitra céc nguyén tir C trong ethan, ethylen, acetylen lan luot 12 1, 2, 3. D6 bdi cua lién
két cang 16n thi lién két cang bén, ning luong lién két cang 16n va do dai lién két cang nho (bang 2.2).

1.5. Géc lién két (géc hoa tri)

Goc tao boi hai moi lién két gitta mot nguyén tir voi hai nguyén tir khac.

i 0 H
180° 120
/4___)\\ ~ . o )
: e /—ﬁlzu 10928 |

H H

H

Trong cic géc lién két thi géc 109928 (goc tr dién) nhu ¢ phan tr CH, la goc bén ving nhit. Vi

vdy trong qud trinh hinh thanh phan tir, cdc nguyén tir 6 xu hudng tao duge cdc géc lién két gan véi géc
109° 28°.

Nhung hop chét c6 géc lién ket 60° hay 90° nhu cyclopropan, cyclobutan thuong khong bén, d& bi
VO Vong, con cyclohexan thudng ton tai & hai dang: dang thuyén va dang ghé 1a dang c6 cdc géc lién két
gan vai gée 109°28” hon.

http://tieulun.hopto.org



an"”

£

1.6. P phan cuec cia lién két. Momen luéng cuc

Trong nhiing lién két giira hai nguyén tir khac nhau, do c¢6 sy chénh 1éch vé d6 am dién, electron lién
két bi 1éch vé phia nguyén tr c6 do dién am 16n hon, tao ra & day mot dién tich am nao dé voi mot ty 1€
% dién tich nguyén td (thuong ky hiéu §) con & nguyén tir kia mang mot dién tich dwong. Khi d6 nguoi
ta n6i lién két bi phan cuc.

o+ o— HE— &+ EB-—
gl O=C=0
n My Hg

D6 phan cuc cua lién két duge danh gid qua momen ludng cyc 1 (muy). Momen ludng cuc 13 mot
dai lugng vecto va cé gia tri:

n=gq.l
v6i q=de (eladién tich nguyén td va d 1a ty 16 %, 5 < 1)
q: dién tich ciia méi cuec (culong)
I: d6 dai lién két (mét).
i : dai luong vecto, hudng tir nguyén tir c6 y nho sang nguyén tir c6 ¥ 16n
i duogc tinh bﬁng culong.mét (C.m thudc hé don vi SI). Nguoi ta con hay st dung mét don
vi khdc goi 1a Po bai (D). 1D = 3,3.1030 Cm.

Trong thuc té momen ludng cuc va do dai lién két duge xdc dinh béng thuc nghiém. Tu do6 c6 thé
tinh duoc gid tri dién tich q cua cuc va phan tram dién tich J .

Vidu:

Lién két H-CI c6 gid tri u = 1,07 D hay 3,56.10 Cm va d¢ dai lién két 1 = 1,28 A hay 1,28.1071°
m. Tur d6 tinh duwgc q va d:
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3561070

—ulng
1281070

=30
5o 3,561.DIU =017
1281077 16,107

Dai luong § con dugc goi 1a d6 ion (% lién két ion) ctia lién két cong H-CI.

Trong mdt phan tir d0 phan cyc ctia mét lién két con phu thudc vao sy phan cyuc cua cdc lién ket
khac.

Vidu:
O

H_-O-N=0 H_-O_N7¥
'\.\

O

Lién két H- O trong HNO3 bi phan cyc manh hon so véi HNO2 d6 1a do anh hudng cua lién két N—
O thr ba trong phan tir nay.

BANG 2.3. GIA TRI MOMEN LUONG CUC CUA MOT SO LIEN KET

Lién két H-F H-ClI H-Br H-I N=0O C=0

u (D) 1,91 1,07 0,79 0,38 0,16 0,11

2. NHUNG THUYET KINH DIEN VE LIEN KET

Nam 1913 thuyet c4u tao nguyén tir ctia Bohr ra doi thi ba ndm sau (1916) da xuat hién nhiing
thuyét dau tién vé lién két hod hoc. D6 1a thuyét lién két cong hod trj va lién két ion.

Nhing thuyét kinh dién nay déu dya trén quy tic bét tir (octet). Xuat phét tir nhan xét sau day:
— Tét ca céc khi hiém (trir Heli) déu c6 8 electron & 16p ngoai ciing.

— Chting rat it hoat dong hod hoc: khong lién két voi nhau va hau nhu khong lién két v6i nhiing
nguyén tir khac dé tao thanh phan tir, ton tai trong ty nhién dudi dang nguyén tir tu do.

Vi viy, cu tric 8 electron 16p ngoai cung la mot cqéu tric ddc biét bén ving. Do d6 khi hinh thanh
phén tu, cdc nguyén tr ¢6 xu hudng li€n két voi nhau dé dat duge cu tric electron bén vimg cua céc khi
hiém v6i 8 (hoac 2 doi voi heli) electron ¢ 16p ngoai cung.

2.1. Lién két ion. Kossen (Cotxen — Pirc) 1916

Lién két ion duoc hinh thanh gitta nhitng nguyén tir ctia hai nguyén t6 ¢6 su chénh léch nhiéu vé do
am di¢n (thuong Ay = 2).
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Nguyén tir ciia nguyén t6 ¢6 ¢ nho nhudng hin 1, 2 hay 3 electron cho nguyén tir cia nguyén t6 c6
16m khi d6 tao thanh cdc ion dwong va nguyén tir nhén electron tao thanh céc ion d&m ¢6 cu tric electron
giong khi hiém. Céc ion duong va ion am hut nhau tao thanh phan tu.

Vidu:
Na Cl - Na* ClI” — NaCl

252 2p6 3l 352 3p5 282 2p6 352 3p6

Nhu vay ban chat cua lién két ion 12 lyc hit tinh dién giira céc ion trdi déu.

Trong lién két ion, hod tri cua nguyén t6 bang s6 di¢n tich cua ion vdi dau tuong ung. Trong vi du
trén Na c¢6 hoa tri +1, Cl ¢6 hoa tri —1.

Lién két ion 1 lién két bén, nang luong lién két khd 16n (= 100Kcal/mol)

Luyc hit tinh dién gitra cic ion khong dinh hudng, mét ion duong c6 tic dung hit nhiéu ion am va
nguoc lai vi vdy nguoi ta n6i lién két ion khdng ¢6 dinh hudng va khdng bao hoa. Nhing hop chat ion
thuong ¢ dang tinh thé bén viing.

2.2. Lién két cong hoa tri Lewis (Liuyt — Mi) 1916

Thuyét lién két ion khong giai thich dwoc sy hinh thanh phan tir vi dy Hy, O, (A = 0) hay HCI,

H,O (A % nho).

Lién két cong hod tri dugc hinh thanh giita cdc nguyén tir ciia cing mot nguyén td (Ax = 0) hay giira
nguyén tr cia cdc nguyén to c¢6 su chénh 1é€ch nhé vé do dién am (thuong Ay < 2).

Trong lién két cong hod tri, cdc nguyén tir bo ra 1, 2, 3 hay 4 electron dung chung dé mdi nguyén tir
dat duogc cau tric 8 electron (hodc 2e trong trudong hop hydro).

Vidu:
H H - H: H H-H H,
O O - 0::0: 0=0 0,
N N N NiiN: N=N N,
O C o0 - 0:C:0: 0=C=0 CO,

~ Céc electron g6p chung dugc goi la céc electron lién két, mot cap electron gép chung tao ra mot lién
két va cting duoc bi¢u dién bang mot gach.

Trong hop chat cong hod tri, hod tri cia nguyén té bang s lién két hinh thanh gitta mot nguyén tr
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ctia nguyén tb d6 véi cdc nguyén tir khic hodc bang sb electron ma nguyén tir dwa ra gép chung.
Vidu:

Trong phan tir CO, hod tri cua O 1a 2 cta C 1a 4, trong phén td NH; hod tricnaN a3 cuaHla 1.

Ngudi ta phan biét hai loai lién két cong hod tri:

— Lién két cong hod tri khong phan cyc hay lién két cong hod tri thuan tuy. Vi du lién két trong cic
phan tﬁ: H?’ 0,, N,... (Ax = 0), lién két C — H trong cac hop chat hiru co. Trong d6 cép electron lién ket
phan bd déu gitra hai nguyén tur.

— Lién két cong ho tri phan cyc. Vi du lién két trong phan tir HCI, HF lién két O- H trong phén tir
HZO’ N-H trong N H3... Trong d6 cap electron lién két bi 1éch vé phia nguyén tir c6 dd am di€n 16n hon.
H:Cl H: F H: O:H H: N: H
H
Nhu vay mirc d6 phan cuc cta lién két phu thudc vao Ay ma Ay c6 thé bién thién tir 0 dén 3,2. Do

d6 c6 thé coi lién két cong hod tri thuan tuy va lién két ion 1a hai truong hop gi6i han cta lién két cong
hod tri phan cuc. Dya vao Ay c6 thé danh gid gan ding muac do ion cua mot lién két gitra hai nguyén to.

Cl-Cl H-Cl Na* CI~
cong thuan tuy cong phan cuc ion

BANG 2.4. PHAN TRAM PAC TiNH CUA CAC LIEN KET

Ay 0 05 1,0 1,5 1,7 1,8 2,0 2,5 3,0 3,2
Déc tinh lién 0 6 22 43 50 55 63 79 89 92
ket ion %

Déc tinh lién 100 94 78 47 50 45 37 21 11 8
ket cong ht %

Qua béng trén ta nhén thay khi Ay = 0 lién két mang 100% déc tinh cong (lién két cong thuén tuy),
trong khi d6 khong cé lién két hoa hoc nao mang 100% dac tinh ion.

Lién két cong tuong d6i bén. Nang lugng lién két c& hang chuc Kcal/mol.
2.3. Lién két cho nhan

Lién két cho nhéan con goi la lién két phéi ¢6 thé xem 12 mot dang déc biét cua li€n két cong. Trong
lién két nay cdp electron dung chung chi do mét nguyén tir dua ra goi la chat cho, con nguyén tu kia c6

mot orbital tréng goi la chat nhan.

Vidu:
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+

H

H H |
H:N:+H —|H:N:H hay H- N—=H
H H !

H

Nhu vay diéu kién dé hinh thanh lién két cho nhén 1 chét cho phai co it nhét mot déi electron chua
lién két va chat nhan phai co6 orbital trong.

Ngudi ta thuong dung dau mii tén dé chi lién két cho nhan. Tuy nhién trong thuc té céc lién két nay
hoan toan giong lién két cong hoa tri thong thuong.

2.4. Lién két hydro

Lién két hydro duoc hinh thanh & nhitng hop chét trong d6 hydro lién két v6i nguyén tir cia nguyén
t6 khic c6 d6 4m dién 16n va ban kinh nho nhu N, O, F. Céc lién két nay bi phan cuc va trén nguyén tir
H c6 mdt phan dién tich duong. Trong khi dé céc nguyen tar N, O, F mang mot phan dién 4m va do d6
ngoai lién ket cong hod tri n6 con c6 thé twong tac voi cac nguyén tir H cua phan ta bén canh hinh thanh
mot lién két yéu goi 1a lién két hydro. Céc lién két nay thuong duoc biéu dién bang nhimng dau cham.

Vidu:
Lién két hydro gifta c4c phan tir.

Hb- Fo-, M- F&.. L H- olﬁf... H5* — 0.
H =)

Vidu:

Lién két hydro ndi phan tir: lién két hinh thanh trong cting mot phan ti.

/: 0 - I—I Ve - I—I
0 O
! .
OH 0
acid aalicylic o. nitro phenol

Lién két hydro la lién két yéu, ndng luong lién két nho va do dai lién két 16n. Tuy nhién né c6 nh
huong nhi¢u dén tinh chat vat 1y va hoa hoc ctia phan tu.

Vidu:

-H,0¢6 nhiét do sdi cao hon nhiéu so véi phan tr tuong ty voi nd H,S.

— Céc phan tir htru co mang nhom O — H ¢6 nhiét d§ sdi cao hon cdc dong phan cua ching khong
chtra lién két nay: alcol so véi ether; acid so vdi ester...
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— Alcol tan v6 han trong nudc 1a do tao dugc lién két hydro voi nudc.

— Lién két hydro tao ra gilra cdc nhém — C = O va — NH cua amin acid trong cic chudi polypeptid da
duy tri dugc cau tric khdng gian cua phan tu protein.

— Lién két hydro giita cdc c@p base bd sung (A::: T va G:::: X) trong cdc phan tir ADN 1am cho
ADN déng vai tro ma di truyén.

Tém lai khi dua trén thuyét ciu tao nguyén tir ctia Bohr va quy tic bét tr, cdc thuyét kinh dién Vé
lién két da cho phép md ta va phan loai mét cach don gian lién két hod hoc, tir d6 gidi thich dugc mot s6

tinh chat cta phan tir. Tuy nhién cic thuyét nay c6 mot s6 han ché sau day:

— Nhiéu hop chit hay ion khong dat duoc cau triic 8 electron & 16p ngoai nhung van ton tai mot cich
bén viing, vi du: NO, NO,, BH,, Fe*...

— Chua néi dugc ban chit cua lyuc lién két gitta cdc nguyén tir trong phan tir 13 gi.
— Khong cho biét cdu trisc khong gian ciia cdc phan tir.

- Khong gidi thich dugc mot scf) tru(‘jng h(jp, vi du nhu; tai sao do dai cac lién két cua phan tr benzen
lai bang nhau trong khi né duoc bi€u dién bang céc lién két doi va don xen k€& nhau.

Phan tir 1a nhitng hé hat vi mo, vi vay 1y thuyét vé lién két va céu tao phén tir phai duoc xdy dung
trén co s¢ cua co hoc lugng tir (CHLT).

Nam 1927 ra doi hai thuyét CHLT vé lién két bé sung cho nhau nhung str dung nhitng phuong phdp
tinh gan ding khéac nhau.

3. THUYET LIEN KET HOA TRI

(viét tat 1a VB - valence bond) hay con goi 1a thuyét cap electron lién két do Heiler, London (Haile,
London — Purc) dé xudng nam 1927, tiép theo la Pauling, Sleiter (Polinh, Slayto — M7) phét trién.

3.1. Sw hinh thanh lién két trong phan tir H,
Thuyét VB duoc dé ra dua trén co s¢ nghién ctru sy hinh thanh lién két trong phén tr H,.

Luan diém chu yéu cua thuyét nay 12 khi tao lién két hod hoc cdc nguyén tir van giit nguyén cau tric
ma chi twong tic vdi nhau theo ting cdp electron.

Mbi nguyén tir H c6 mét electron & trang thai co ban 1s. Khi hai nguyén tir H tién lai gan nhau s& c6
hai kha nang xay ra:

— Néu hai electron ¢ sé‘lu’qng tur spin cung dég, khi khoang céch r giam nang lugng cua hé tang lién
tuc, do la trang thai khong bén, khong tao ra lién két hoa hoc.

— Néu hai electron c6 s6 luorng tir spin nguoc dau nhau, ning luong ciia hé giam dan, va tai khoang
cachry =0, 74A c6 gid tri cuc tiéu twong Gmg véi ning luong Eg <E khi d6 h¢ ¢ trang thi bén vimng,
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trang thdi hinh thanh lién két (hinh 2.1a).

E

(&) (b)

Hinh 2.1a, b. Trang thai nang lweng caa hé 2 nguyén tir H (a) va sw hinh thanh phén ti H,

Néu Iuu ¥ rang mdi orbital s (ddm may s) ¢6 ban kinh 0,53A thi khi tiép xtc nhau khoang cdch gitra
hai hat nhan phai 1a 1,06A. Trong khi d6 khoang cdch khi hinh thanh lién két chi con 0,74A. Diéu d6
chig t6 khi hinh thanh lién két, hai orbital s da xen phil vao nhau, 1am ting x4c suit c6 mit electron &
viing gitra hai hat nhan, mat d6 dién tich 4m ting 1én giy ra sy hiit hai hat nhan va lién két ching véi
nhau. (Hinh 2.1b)

Nhu vay luc lién két hod hoc cling c6 ban chét tinh dién.
3.2. Nhitng luin diém co ban cia thuyét VB

Tir nghién ctru ciia Heiler va London vé phén tir H,, Pauling va Sleiter da phét trién thanh thuyét
lién két hod tri.

— Lién két cong hod tri dwoc hinh thanh do sy ghép doi hai electron doc than co spin nguoc déu ciia
hai nguyén tw lién ket, khi do co sw xen phu hai AO.

— Mikc d6 xen phii ciia cdc AO cang [om thi lién két cang bén, lién két dwoc thuc hién theo phirong
tai do sw xen phu la lon nhat.

Trong thuyét VB hod tri cia nguyén t6 bang sb e doc thin cta nguyén tir & trang thdi co ban hay
trang thai kich thich.

Vidu:

c N hos trf 2
c* hod trj 4
N t{t]t] ho& tri 3

Hod tri cuc dai cia mot nguyén t6 bang tong sé AO hod tri (AO 16p ngoai cing). Vi du cdc nguyén
6 thudc chu ky 2 c6 4 AO 16p ngodi cling 2s va 2p3 nén c6 thé ¢6 téi da hod trj 4 It ]t]
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3.3. Su dinh hwéng lién két. Lién két o (xich ma) va lién két m (pi)

Tuy theo céch thic xen phii cta cdc AO, ngudi ta phan biét: lién két o , lién két & , lién két §
(denta).

— Lién két ho4 hoc tao ra do sy xen phu cac AO trén truc ndi hai nhan cua nguyén tir dugc goi l1a lién
két xich ma. Lién két ¢ c¢6 theé hinh thanh do sy xen phu cédc dim may s — s, s — p hay p — p (hinh 2.2)
hodc gitra cdc ddm may lai hodA L — L; L —s; L — p (xem phan 4.6)

@f ¢E >N e
N AS

d-p

p-p
Hinh 2.2. Sy xen phu cac orbital khi hinh thanh cac lién két o va n

Nhu vay khi tao ra lién két o thi dat dugc su xen phu 16n nhét vi vay lién két xich ma 12 lién két bén.
Néu gitra hai nguyén tir chi c6 mot lién két thi lién két d6 ludn ludn 1a lién két © .

— Lién két hod hoc tao ra do sy xen phu cdc AO ¢ hai bén cua truc ndi hai nhan nguyén tu dugc goi
la lién két pi. Lién két 7 ¢6 thé hinh thanh do sy xen phu cdc ddm may p— p, p— d hay d—d (hinh 2.2).

So voi lién két 7 thi lién két 6 bén hon vi mic dd xen phu I6n hon va ving xen phii nam trén truc
noi hai nhan nguyén tu.

Khi gitta hai nguyén tir ¢4 tir hai lién két tro 1én thi chi ¢6 mot lién két 6 con lai 1 cac lién két 7 .
Vidu:

Trong phan tir H, c6 1 lién két 6 do sy xen phi 2A0's.

Phan tir Cl, ¢6 1 lién két 6 do sy xen phu 2 AO p.

Phan tir O, ¢6 1 lién két 6 do sy xen phit 2A0 p —p_ va 1 lién két © do sy xen phit 2A0 p,~P, clia 2

nguyén tu oxy.

Tuong tw phan tir N, c6 1 lién két o va 2 lien kée 7.
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Trong céc trudng hop trén lién két hinh thanh do sy xen phii cdc AO thuan khiét s—s hay p—p.
4. SU LAL HOA CAC AO TRONG LIEN KET
+ Khdi niém lai hod dugc Pauling dua ra trong khuon khé thuyét VB.
Ta hay xét sy hinh thanh phén tr CH,
C* 4H

2gl 2p° 1st

]t

Néu khi hinh thanh phan tir CH, nguyén tu C* sir dung 4 AO (1 may s va 3 may p) xen phu voi 4
may s cua 4 nguyén to H (mdt lién két hinh thanh do su xen phu s—s va 3 li€n két do su xen phu p-s).
Nhu vay I€ ra céc lién ket phai khic nhau (vi dy do bén, .g6c lién két...) nhung trong thuc té chiing lai
hoan toan gidng nhau. Diéu nay duoc Pauling giai thich bang sy lai hod cdc AO.

Khi lién két cic nguyen tr c6 thé khong su dung cdc orbital (cdc ddm may) s, p, d thuan ma ching

¢6 thé tron 14n (hay con goi 12 td hop) voi nhau dé tao thanh nhing orbital méi hoan toan gidng nhau
(goi la cac AO lai hay cdc ddm may lai L).

Nhu vay:

Lai hod la su t6 hop cdc AO khdc logi dé tao ra cdc AO hoan toan gi(jng nhau vé hinh dang, kich
thich va nang luong nhung cé huong khdc nhau.

Khi ¢c6 n AO tham gia lai hod s& tao ra n AO lai hod. Dé ¢6 sy lai hod, cic AO phai c6 ning luong
khac nhau khong 16n. Vi du: 2s — 2p; 3s—3p-3d...

Céc dam may lai bi dich chuyen s0 v6i hat nhan nguyén tir, mot dau phinh to ra (dau +) va do vay né
s& xen phu hoan toan hon véi cdc ddm may tuong tic, tao dugc cdc lién két hod hoc bén vimg

+ Duéi day 1a mot s kiéu lai hod va nhitng ddc diém cua cic AO lai:
4.1. Lai hoa sp
Su td hop mot AO s véi mt AO p tao ra 2 AO lai hod c6 hinh dang, kich thudc va nang lugng hoan

toan giéng nhau nhung hudng theo 2 hudng trong khong gian, truc cia 2A0 nay tao ra géc 180°. Vi du
su lai hod céac AO trong nguyén tir Be khi hinh thanh phén tir BeH,
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Be HEN
Be* .
28 2

*w

2L (3p) Widny H Ee H
Hinh 2.3. Lai hoa sp va s tao thanh phan tr BeH,

4.2. Lai hoa sp2

Su t6 hgp mot AO s véi hai AO p tao ra 3 AO lai hod ¢6 hinh dang, kich thuéc va ning luong hoan
toan giéng nhau nhung hudéng theo 3 dinh ciia mot tam gidc déu, truc ciia 3A0 nay tao ra géc 120°. Vi
du sy lai hod cac AO trong nguyén tir B khi hinh thanh phén tir BH,.

s+ pe T oy 3L (sp9) Widuy BHs

Hinh 2.4. Lai hoa sp? va sw tao thanh phan tir BH,

4.3. Lai hoa sp3

Su td hop mdt AO s véi ba AO p tao ra 4 AO lai hod c6 hinh dang, kich thudc va nang luong hoan
toan gidng nhau nhung hudng theo 4 dinh ctia mot t dién déu, truc cia cidc AO nay tao ra géc 109°28°.
Vi duy, su lai hod cédc AO trong nguyén tu C khi hinh thanh phan tr CH,,.

¢ [ [l
cx [t [tItl1]
28

Zp
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\‘\‘\.
-
— .

109°28"
4L (sp?) Vide  CHy

S+px+p},+pz

Hinh 2.5. Lai hoa sp® va sw tao thanh phan tr CH,

Ngoai cdc kiéu lai hod trén, cdc nguyén t6 tir chu ky 3 tro di, con c6 orbital d ciing ¢6 thé tham gia
lai hod nhu dsp® dsp>’ d%sp> 1an luot tao ra 4, 5, 6 ddm may lai hod s& dwoc néi dén ¢ phan 3.7.

Dé xdc dinh kiéu lai hod, ngudi ta thuong st dung quy tic sau déy:

S6 luong orbital lai hod cua mot nguyén tu trong phén tr bing tong sb lién két xich ma ma né tao
v6i cdc nguyén tir xung quanh va sb cdp electron ho4 tri chua tham gia lién két. Vi du:

CH, C c6 lai hod sp’ (4+0)
C,H, Corvs sp (2+0)
NH, N ¢6 lai hod sp? (3+1)
H,0 O .oveerenenSP° (2+2)
SO, SJRURT sp* (2+1)

4.4. Hinh hoc phan tir cia mét s6 hop chat

H3C— CH3
ethan

Hinh 2.6. So dé xen phu cac orbital va hinh hoc phan tw cua ethan

Mbi C c6 lai hod sp3 tao ra 4 orbital lai hoa.
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Mot orbital lai hod tao ra lién két & gitra 2 nguyén tu C. Cac orbital lai hod con lai tao ra 3 lién két o
véi H. Phén tir ¢6 7 lién két 6 .

Phan tir c6 dang hinh hoc 2 chép tir dién (hinh 2.6)

ethylen

Hinh 2.7. So’ d6 xen phu cac orbital va hinh hoc phan tir caa ethylen
Mbi nguyén tir C c6 lai hod sp2 tao ra 3 orbital lai.
Mot orbital lai hod tao lién két 6 giita 2 C va 2 lién két 6 gitta C va H.
AOp thuén xen phu bén tao 1 lién két 7t . Phan tir c6 dang hinh hoc 2 dinh tam gidc (hinh 2.7).

HC=CH
acetylen

Hinh 2.8. So’ d6 xen phu cac orbital va hinh hoc phan tir ctia acetylen
Mbi nguyén tir C c6 lai hod sp.
2 orbital lai ho4 tao 1 lién két & giira 2C va 2 lién két & giita C va H.
4A0p thuan xen phu bén tirng d6i mot tao 2 lién két 7 . Phan tir c6 dang hinh hoc th:flng (hinh 2.8).

methan
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Hinh 2.9. So dé xen phu cac orbital va hinh hoc phan tir ctia methan

C c6 lai hod sp3 . 4 orbital lai hod xen phu véi 4 AO s cta H tao 4 lién két 6 . Hinh hoc phén tir c6
dang tir dién déu. Géc lién két 109°28°.

NH,

amoniac

Hinh 2.10. So db xen phu cac orbital va hinh hoc phan tir ciia amoniac

N c6 lai hoa sp3. 3 orbital lai hod xen phil v6i 3A0 s cia H tao 3 lién két 6 . Hinh hoc phén tir c6
dang chép. Géc lién két 1a 107°18".

HZO
Nudc

)

O ¢6 lai hoa sp3. 2 orbital lai hod xen phul v6i 2A0 s cia H tao 2 lién két o . Hinh hoc phén tir c6
dang géc. Géce lién két 12 104°30°.

BANG 2.5. KIEU LA HOA CUA NGUYEN TU’ TRUNG TAM
VA HINH HQC CUA MOT SO PHAN TU

Sé Sécipe

lién két o chwa lién két Kiéu lai hoa Hinh hoc phan to Vidu

2 0 sp o—{r—e BeH,; CO,; CN™
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Puong thang
3 0 sp? A‘ SO, CO,>
Tam giac phéng
3 1 sp? N 50,
Goc
4 0 sp3 )\ CH,; NH,*; SO,2-
T dién *
3 1 i & "
Chép
2 2 sp® /O\. H,0
.
Goc
5 0 spd PCI,
Luc dién
6 0 spd? SiF¢2; [Fe(CN)G]*
Bat dién

4.5. Lién két 7 khong dinh cw

Phén tir benzen c6 cau trdc nhu thay & hinh 2.12. C4 6 nguyén tir C déu c6 lai hod sp2. Mbi C tao 2
lién két 6 voi 2 C bén canh va 1 lién két 6 voi H. Céc orbital p thudn con lai (c6 truc vudng géc vGi mit
phing cua cdc lién két 6 ) xen pha v6i nhau tao ra cac lién két m . Nhu vay cdc electron dugc gidi toa
trén ca 6 nguyén tir C (hinh 2.12). Nguoi ta goi cdc lién két d6 1a céc lién két m khong dinh cu. Mot céch
tuong tu ciing thiy ¢ cdc phén tir butadien va allen (hinh 2.13). Céc lién két T khéng dinh cu dugc mé ta

bang nhirng diu chdm thay vi cho céc gach (hinh 2.14).

C6H6 Benzen
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Hinh 2.12. Céac orbital p thuan va sw hinh thanh lién két & khéng dinh cw
trong phan tr benzen

C 4H6
butadien allen

Hinh 2.13. Céac orbital p thuan va sw hinh thanh lién két n khéng dinh cw
trong phan ttr butadien va allen

C=C
C =G c—c=—c¢

Hinh 2.14. Biéu dién cac lién két = khéng dinh cw
trong phan tr butadien, allen va benzen

4.6. Lién két trong phirc theo thuyét lién két hoa tri va cdu tric khong gian ciia ion phirc

Theo thuyét nay sy hinh thanh phtrc dugc thuc hién nho tuong tic cho nhan céc cap electron chua
chia x¢€ cua cac phoi tir va cdc orbital con trong cta ion tao phurc.

Nhu véy: ion phirc gdm:
— Hat tao phurc (ion tao phurc) thuong la ion kim loai khdi d c6 céc orbital tréng.
— Phéi tir, thudng 12 ion hay phén tir con doi electron chua lién két (NH3, CN~, CI7).

Vidu I1:
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Sy tao thanh phtre [Cr(NH,)**

Cr z = 24 ¢6 cAu hinh electron 16p ngoai ciing va sit ngoai ciing 3d%4s!
RERRN [T []
3 451 4pt

Ion trung tam Cr3* ¢6 cAu hinh electron 16p ngoai cung va sit ngoai cung 3d34s04p0

T ] @I

347 45 4p':'

O day c6 sy lai hoa d?s p3 tao ra 6 AO lai hoa (con tréng electron) hudng theo 6 dinh cua bat dién
va phtrc c6 hinh hoc phan tir dang bat dién (hinh 2.15).

Su lai hod xay ra gitta AO & 16p trong (3d) va cac AO 16p ngoai (4s, 4p) vi vay goi la su lai hod
trong. Phtrc 1a thudn tr vi c6 e dc than.

Hinh 2.15. Cac orbital lai hoa d2 s p3 ctia Cr3* va sw tao thanh ion phirc [Cr(NH,) 13
Vidu 2:

Su tao thanh phtre [Ni(CN),1*

Ni z =28 ¢6 ciu hinh electron 16p ngoai ciing va sit ngodi ciing 338452
[eftefti[tTt] [t4] [T T
348 452

ion trung tam Ni*2 ¢6 cu hinh electron 16p ngoai cuing va sit ngoai cung 3d84s04p0

Vi CN™ la phéi tt manh (lién két manh véi Ni2+) nén ¢é su don ép 2 electron doc than cua 3d vao 1 6
luong tir.

RN 1 [ LT

248 L 4p0
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CIN CN

Hinh 2.16. Cac orbital lai hoa d? s p® cua Ni?* va sw tao thanh ion phirc [Ni(CN),12~

O day xay ra su lai hod trong d s p2 tao ra 4 orbital lai hoa nérp trén mot mat phang hudng theo 4
dinh cua mot hinh vuong. Phirc ¢6 hinh hoc phan tir dang vuong phang (hinh 2.16). Phurc 1a nghich tir vi
khong cé e doc than.

Vidu 3:

Phirc [NiCl,]%~

O phirc nay do CI™ 12 phdi tir yéu nén chi xay ra lai hod cdc orbital 16p ngoai 4 (4s, 4p) nghia 1a

[ttt ft] ] CLT]

a8 450 4p':'

xay ra sy lai hoa sp3 =AO4s+3A04p

Hinh 2.17. Cac orbital lai hoa s p3 ctia Ni?* va sy tao thanh ion phirc [Ni(Cl),]-

Va hinh hoc phan tir dang t& dién (hinh 2.17), phiic niy c6 su lai hod ngoai nén kém bén hon phirc
lai hod trong. Phirc thudn ttr vi con electron doc than.

Cdc chat ¢ cdc electron chira ghép dbi, bi tir truong hiit goi la chat thudn tie. Nguoc lai cdc chat
trong do cdc electron da ghép doi, bi tur truong day duwoc goi la chat nghich tir.

Thuyét VB cho phép hinh dung duoc ciu triic khong gian ctia phan tir, tuy nhién né khong giai thich
duoc sy hinh thanh mot sb phan ttr, vi du: H2+ (Le), Hez+ (3e), cling nhu tinh thudn tr cia mot s6 phan
t nhu 02, NO.,...

5. THUYET ORBITAL PHAN TU (VIET TAT MO - MOLECULAR ORBITAL)

Mulliken, Hund (Maliken, Hun — Puc) 1927
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5.1. Luan diém co bén caa thuyét MO

— Phan tir dieoc coi nhw mot hat théng nhat, trong dé electron lién két chuyén dong (twong ty nhu &
nguyeén tw), trong mot dién truong gay ra boi cdc hat nhan va cdc electron con lgi.

— Trong phan tw trang thdi cua electron dwgc mo ta bang cdc MO (twong ty nhu & nguyén tir, trang
thdi cia electron dugc mo ta bang cac AO).

— Khi nguyén tir di vao lién két, cdc AO ciia chiing t6 hop (xen phit) véi nhau tao ra cdc MO. Cir t6
hop 2A0 thi duoc 2MO.

Diéu kién dé c6 sy to hop 1a:

+ Ning luong cdc AO phai xap xi nhau.

+ Céc AO c6 sy d6i xtng giéng nhau so véi truc lién két.
+ Su xen phu phai dat dugc muc d6 10 rét.

. —Trong phan tu cdc electron dugc phan bé din vao cdc MO o, 0%, 7, 7%, 6, ¢ ciing theo mot sd quy
tac nhat dinh: nguyén ly ngoai trur; nguyén ly viing bén va quy tac Hund nhu doi véi electron trong
nguyén tu.

5.2. Khai niém vé MO lién két va MO phan lién két

D¢ tim ra cdc MO Muliken va Hund di sir dung phuong phép t6 hop tuyén tinh cdc AO (viét tit 1a
LCAO - Linear Combination of Atomic orbitals).

Vidu:
D4i v6i phan tir Hy* cde MO (W) duoc t6 hop tir hai AOy, va Wy cua nguyén tir H, vaion Hg*
Vmo = CiWa + Covy
Két qua thu dugc 2 ham (2 orbital phan tir MO)

1 :
Y = 3 (wa + we) tuong ng vit Ey < Eap

1 :
Yy = 3 (ya — we)twong wng wit E_> Eap
Trong ham té hop Yo = C ¥y + G

C, va C, la nhiing h¢é s6 cho biét si dong gop ciia cdc AO vao MO.

C 12, C 22 sé la xdc sudt dé electron dwoc mo ta béi Y, va Yp. Trong truong hop cdc phan tir dong
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hach (cdc nguyén tir ciia ciing mét nguyén 16), ¢ ddy la hydro thi C,=C,va C]2 = C22. Tuwdo C; =

Nhuw v@y khi ) hop 2 AO y, va y, ta thu dwoc 2 ham:
l//+ = C] l//A + C] l//B
v =Cy-C vy

Ttr diéu kién chuan hod cua ham song nguoi ta da xdc dinh dwoc C; = 1

2
Tuw do:
Wy = L (U + g/
2
W= %W{a— e/

Khi trang thdi electron trong phan tir dugc mo ta bﬁng ham y + thi x4c suit c6 mit electron (y +2) tap
trung & ving giita hai hat nhan nguyén tir, tao ra strc hit hai hat nhin véi nhau va lién két dugc hinh
thanh. MO dugc md ta bang ham v, duoc goi la MO lién két (MO'X) (hinh 2.18 a).

Nguoc lai, di véi ham y_ thi xdc suat c6 mat electron & chinh giita khoang cdch hai hat nhan bang
0 dan dén lyc day gitta hai hat nhan, lién két khong tao thanh. Vi viy MO dugc mo ta bang ham y_
duoc goi 1a MO phan lién két, thuong ky hiéu MO* (hinh 2.18 b).

Hinh 2.18 a, b. Xac suat c6 mat electron giira hai hat nhan nguyén tir H khi hinh thanh (a)
va khi khong hinh thanh lién két (b)

5.3. Céu hinh electron ciia phan tir

e Cic MO khi té hop cdc AO

Vidu:

Cac AO,q cua nguyén tu H
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la 1la la
K_// Ua
MO™ () AC MO  AC

Hinh 2.19. Cac MO lién két, phan lién két va gian dé ning lwong phan ti khi t6 hop 2 AOs

Céc MO¥ va MO* ¢6 hinh dang ddi xtmg qua truc lién két nhu trén duoc ky hiéu 1a cic MO o va
¢6* (hinh 2.19).

Nhu vay khi t6 hop hai AOQyq ta dugc hai MO: ¢ va 6*. Trong d6 MO lién két 6 c¢6 nang luong thap
hon nang lugng cua ciac AOg, con cic MO phan lién két 6* lai c6 ning luong cao hon ning lugng cic

AOs. Ta c6 bac thang nang lugng cac MO nhu: 6,4 < GIS*

Vi vay trong phdn tir cdc electron dugc sap xép trude hét vao Cg-
Vidu:

phan tir H,* (1e) c6 cdu hinh e 6! He," (3e) 62 o*!

H, (2¢)c? He,(4e) 6% o+

Chii y: khi t6 hop hai AO2s ta ciing thu duoc O,g Va 628* nhung cé nang lugng cao hon, nghia la

ES ES
015 <015 <025 <Opg

e Cdc MO khi té hgp cic AO p,
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MO*(co;)

eatne

P} ;P
Wy
Ij =

MO(5)

A MO AOQ

Hinh 2.20. Cac MO lién két, phan lién két va gian dé ning lwgng phan tir khi té hop 2 AO p,

Trong truong hgp nay céc MOk va MO* cling ¢6 dang dbi xing qua truc vi vdy dugc ky hiéu la G,

dé phan biét véi 6 do cac AO s tao nén (hinh 2.20).
e Cdic MO khi t6 hop cdc AOp, hay AO p,

Nhu vay khi 6 hop hai AO p_ thu dugc hai MO lién két va phan lién két, cdc MO nay khong doi
xtrng qua truc lién két va duoc ky hiéu m,_va Tcx* v0i nang lugng T < nx* (hinh 2.21). Tuong tu nhu vay
ddi v6i hai AO p, thu duge x vam ' véim, =m <m’ =x " Tir d6 ta viét dugc cdc MO theo trit tw
nang luong ting dan nhu sau:

Lo {GTS{GES {G;S-::GZ {HKZHY{Ti:H;ﬂG; (1

Véi bac thang nang luong nay ta c6 thé viét dugc cdu hinh electron ciia céc phan tir hai nguyén tir
cua cdc nguyén to cudi chu ky 2 nhu O, F, Ne.
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MO*( 7. Oy

SO | ™
o5
y
\

Pz P:

AO W= T AO

MO(x,) T,
Hinh 2.21. Cac MO lién két, phan lién két va gian dé nang lwong phan t khi té hop 2 AO p,

Dbi véi cdc nguyén td dau chu ky 2 cdc MO c¢6 béc thang ning luong sau:

# * # EY #*
G <O <O0x <O0x <M, =T, <Oy <M, =T, <Oz
Dé viét ciu hinh electron ciia phén ti ta phai tinh téng sO electron ctia phén tir roi dién vao thang
nang lugng tuorng img theo nguyén ly Pauli (mdi MO tdi da 2e), nguyén 1y ving bén (vao cic MO ¢6
nang lu:orng tur thap dén cao va quy tac Hund) véi cdc MO c6 muc nang lugng nhu nhau thi phan bd sao
cho ¢6 nhiéu electron doc than nhat.

Vidu:
0, (16e) Oy Oy GO GO O M=T, T =T

N, (40 oy O Cx O M =T, O

Lueu y: @& don gian nguoi ta thudng chi viét tir cdc MO 2s (chi tinh sb electron 16p ngoai ciing). Khi
do ta co:

2 2+ 2 2 2 * It
O, Oy O Op T, =T, 7[; =T,
2 2+ 2 2
N, O Op T, =T, csi
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Ne, (20e) ©; o ©p Wy=T, T, =T, Oy
Cic gian dd nang luong twong tmg cua cc phan tir nay cho & hinh 2.22a, b.

Trong thuyét MO nguoi ta cling dua vao khai niém bac lién két (d6 boi lien két) B. P dugce tinh theo
cong thuc:

n: so e trén cdc MO lién ket
n*: 5o e trén cic MO phan lién két

Theo cong thire trén do boi cua O,, N,, Ne, tuong ung bang 2, 3, 0. P cla Ne, bang 0 diéu d6 ¢
nghia 12 khong ton tai phén tir Ne,.

Dua vao céu hinh electron ngudi ta cling biét duoc tir tinh cta phén tir: néu trong céu hinh electron
c6 electron ddc than thi phan tir 1a thuan tir, nguogc lai 1a nghich tu.

E E

'-..._- I, = :I'I:}r o,
G, T~ Ty :
N '
a o
O G, O N Ty N
a) b)
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Hinh 2.22. a, b. Gian dé nang lweng cta phan to 0, (a) va N, (b)

BANG 2.6. CAU HINH ELECTRON CUA MOT SO PHAN TU’ VA PHAN TU’ ION

A, Cau hinh electron b 1 (A) E(Kcal/mol)
H, o 1 0,74 | 104,0

N, ot of “i: ;n;i o 3 1,10 2254

0, |of of ofmi=mml=m) 2 121 | 1182

Fs c: G. oo TEE: Tlif, :I'Ef,*: :I'Ei* 1 142 | 37,1

O | o &b ot Tl = ﬂi nl = ﬂg* 2,5 1,12 | 150,5

Ne;* | o o2 of mi=m? i =nl of 05

e Ciu hinh electron va gian db nang lugng ciia phan tir hay ion dang AB Xg > Xp)-
Vidu:
NO, CO,CN ...

CAu hinh electron cua cdc phan tu loai nay cling thudc day (2). Nhung ¢ gian dd ning lugng cic AO
cua nguyén tir B dugc xép thap hon (hinh 2.23a).

BANG 2.7. CAU HINH ELECTRON CUA PHAN TU’ VA ION DANG AB

AB Cau hinh electron b 1 (A) E(Kcal/mol)
O |o: ol ni-na 3 128 | 2557
NO csff_,_ gg* ;n;z _ ﬂi g; ﬂ;i" _ ﬂ}ﬂr* 2,5 1,15 | 1622
CN- G: G:f ﬂi _ ﬂi G; 3 1,14 2249

e Céu hinh electron va gian d6 nang lugng ctia phan tir dang AB Xg >>%Ap)

Vidu:
Phén tor HF
H: 1s! E: 152252 2p5
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Vi ning luong cua cdc phan muc Is va 2s caa F qud thdp so voi niang luong 1s cia H nén trong
truong hop nay chi xay ra su to hop AO Is cua H voi mot AO p, cua F d@ tao ra hai MO: 6 va ¢ *. AO

2s va cac AOp,, Py con lai ctia F tao ra cdc MO khong lién két, thuong ky hiéu MOKK, Bac thang nang
2 Zklk Zklk ar

luong cta cic MO nhu sau: @ - Cz- M = T« Tz tyong Gng voi gian dd nang luong hinh
(2.23b).
o Oz

i -' -'I_D_:.

i % 4 :

| [1]1] = % s T[k].k
g, s - 4 tRN]-

g

Oy
2a
N
G:m 9
ot
C H F
HF

b)
Hinh 2.23 a, b. Gian dé ning lwong ctia phan tir CO (a) va HF (b)
6. SUPHAN CUC CUA PHAN TU

Mot phan tir dugc goi 1a phan cyc khi trong tam di¢n tich duwong khong trung véi trong tam di¢n tich
am. Khoang cich gitra hai trong tdm goi 1a d6 dai ludng cuc.

Khi phan tir chi gdm hai nguyén tir néu lién két 1a phan cyc thi phan tf cling phan cyc va d¢ dai
ludng cuc chinh la d¢ dai lién két. Vi dy, cac phan tirt HCI, HBr, CO, NO... Ia c4c phan tu phan cuc.

Déi v6i nhitng phéan tir gdm nhidu nguyén tir (tir 3 nguyén tir tré 1€n) chi phén cyc khi trong phén tir
¢6 lién két phan cuc va cdc lién két phan cuc khong triét tiéu nhau (tdng cic vécto mdmen lién két khac
0 hay phén tir ¢6 ciu tric bat dbi xtng). Vi du: CO,, SO, CCl, 1a cac phan tir khong phan cuc vi ching

c6 cau truc doi xung.
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| |
0=¢C =0 S C
— o o ol Lol
c1

Trong khi d6 cdc phan tir H,0, SO,, CHCI, 1a céc phén tir phan cyc vi ¢6 cAu tric phan tir bat déi
xung

Dé danh gid do phan cuc cua phan tir ngudi ta cling ding mot dai lwong goi 12 momen ludng cuc cla
phan tu, duoc ky hiéu p

—
Hpi=al

q: dién tich cua trong tam

1: chiéu dai lwéng cuwce, & diy 1a khoang céch giita hai trong tim dién tich

ot ciing dwoc tinh bang C.m hay Pobai

Phén tir ¢6 hai nguyén tir thi momen ludng cuc cta lién két chinh 12 momen ludng cuc cta phan ti.

Phan tir ¢6 tur hai lién két tr¢ 1€n thi momen ludng cuc ctia phan tir bang tong momen ludng cuc cua
cdc lién két

—

—
Hopt™ & Hopg

Momen ludng cyc cua nhiéu phan tir c6 thé xdc dinh dugc bang con duong thuc nghi¢ém hodc tinh
todn dya vao momen ludng cuc cua lién két:

Vi du ddi véi phén tir 3 nguyén tir ABC, gid tri cia momen ludng cuc phan tir duoc tinh theo so dd
sau:

un= ulz + uzz + 20,1, cosal

Phan tr CO, ¢6 téng vecto momen lién két i = 0 vi vay khong
phén cuc.

Phan tir H,O ¢6 tong momen lién két p.LZ = 2u12(1+ cosa) # 0

(00 =104°30" va 1, la momen ludng cuc cua lién két O—H). Vi vay
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nudc la phan tir phan cuyc.

BANG 2.8. MOMEN LUGONG CYC CUA MOT SO PHAN TU

Phan to BeCl, CO, SO, H,0O H,S SO, NH, CH,CI

Mo (D) 0 0 0 1,86 1,02 1,60 1,46 1,86

Momen ludng cuc 1a mot théng sb ¢6 1o trong nghién ctru ciu tric ciia phén tir.

Su phan cyc ciia phén tir 6 anh huéng dic biét dén mot s6 tinh chat vat Iy cua phan tir: cdc phan t
phan cuc dé dang tan trong dung moi phan cuc va nguoc lai.
CAU HOI TU LUONG GIA

2.1. Binh nghia: ndng lugng ion ho4, 4i luc electron va d§ am dién cia mdt nguyén t6. Biéu
thire tinh d6 am dién.

2.2. Nhiing dai luong dic trung cta lién két va mbi lién hé gitta ching.

2.3. Su phan loai céc lién két dua vao d§ am dién. Cho cic vi du va néu cédc diéu kién, qua
trinh hinh thanh céc lién két ion, lién két cdng hoa tri, lién két cho nhan.

2.4. Theo quy tic bat tir hiy biéu dién lién két trong cdc phan tir va ion sau day: H,0; NH,;.
+

NH,™ CO,. SO,. SO;. HNO, HNO; H,SO,.

2.5. Diéu kién hinh thanh lién két hydro so sdnh ndng lugng lién két niang luong lién két ion

va lién ket cong hod tri. Néu nhiing vi du cho thdy anh hudng cua li€n két hydro dén tinh

chét vat 1y cta céc chat.

2.6. Thpyét hod trj lién két (VB) dugc dua ra trén co s nghién ciru nao? Hiy néu nhiing
luan diém co ban cua thuyeét d6.

2.7. Cho vi dy, dic diém cua lién két © va lién két 6 . So sdnh va giai thich vé d6 bén cua
hai lién két nay.

2.8. Lai hod la gi? bac diém cdc ddm may lai ho4 sp; spZ; sp3. Cho céc vi du vé nhitng hop
chat c6 su lai hod nay.

2.9. Hinh hoc phan tr va so d6 xen pht cdc ddm may electron trong cic phan tir:
CH,. C,H,. C,H, C,H¢ NH; H,0; SO,. SO;. CO:; CO,.
Trong céc phan tir nay C; N; O; S ¢6 kiéu lai hod gi?

2.10. Hinh hoc phan tir cua cdc phan tir butadien, benzen, allen (CH2 =C= CH2). Cho biét
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cach biéu dién ching bang cong thiuc: CH; =CH - CH= CHg;@; CH;=C=CH,; ¢6
chinh xac khong? Tai sao?

2.11. Hay néu nhitng luan diém co ban ciia thuyét orbital phan tir (MO) vé lién két. Cdc MO
tim dugc dya vao phuong phdp nao? Y nghia gi cua cdic MO? The nao 1a MO lién két va
MO phan lién két (so sanh vé hinh dang va nang luong trong khong gian).

2.12. C4u hinh electron va gian db niang luong cta cdc phan tir dang A, trong d6 A thudc

chuky 1 (H2+, H,, HeZJ’, He,). Tai sao khong ton tai phan tir He,.

2.13. Céu hinh electron va gian d6 ning luong cta céc phan tir dang A, trong d6 A thudc

cdc nguyén td cudi chu ky 2: O, F, Ne (O,, F,, 0,%7,...). D9 bdi va tir tinh ciia chiing?

2.14. Ciu hinh electron va gian d6 niang lugng cta cic phan tir dang A, trong d6 A thudc
cdc nguyén t6 dau chu ky 2: Li, B, Be, C, N (Li,, Be,, N,....). D6 boi va tir tinh ciia chiing.

2.15. Cau hinh electron va gian d0 ning luong cua cdc phan tir va ion dang AB: CN™, CO,
NO™, HF. Do bdi va tir tinh cta ching.

2.16. So sanh d¢ dai lién két va do bén lién két trong cdc ion va phan tir: 0,%, 0,7, 0,%,

0,.

2.17. Khi nao mot lién két bi phan cuc? Mot phan tir phan cuc? M6 men ludng cuc la gi?
Trong céc chat sau ddy phén tr nao phén cuc? CO,, H,0, CHCl;, SO,, SO,

2.18. Tai sao CCl, khong tan trong nudc con C,H;OH lai tan v6 han trong nudc.

Bai 3
NHIET DPONG HOC

MUC TIEU

1. Trinh bay dwoc néi dung ciia nguyén 1y thir nhdt cia nhiét dong hoc va néu dwoc ¥ nghia ciia
cdc ham trang thdi: ngi nang va enthalpy.

2. Van dung dwoc nhitng dinh ludt cua nhiét hod hoc dé tinh todn hiéu ung nhiét cua nhirng
phan vng hod hoc khdc nhau.

3. Trinh bay dwoc néi dung va gidi thich biéu thirc nguyén Iy thir hai ciia nhiét déng hoc.
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4. Néu duoc y nghia cua cdc ham trang thdi: entropy va nang lwong tu do trong nghién ciru cdc
phan ung hod hoc.

MO bAU
 Nhiét dong hoc nghién ctru nhitng quy ludt chuyén hod gitra cdc dang ning luong khéc nhau.

o Co s¢ cua nhiét dong hoc la hai nguyén ly rut ra tir kinh nghi¢ém sdng ctia con ngudi. Céc nguyén
1y nay khong thé chimg minh bang con dudng todn hoc nhung nhitng hé qua riit ra tir né khong
mAu thuan véi thyc tién.

o Nhiét dong hoc hod hoc sir dung nhu’ng két qua nghlen ctru cua nhi€t dong hoc vao hod hoc de
tinh to4n thang bang vé nang lugng va rit ra mot s6 dai lugng 1am tiéu chuan dé xét doan chiéu
hudng cua mdt qué trinh hod hoc.

1. MOT SO KHAI NIEM VA PINH NGHIA

1.1. Hé nhiét dong hoc: Dbi trong ma ta dang nghién ctru vé mit nhiét dong hoc. Ngoai hé goi 1a moi
truong.

— Hé ¢ 1ap: khong trao ddi vat chat va ning luong véi mdi truong.
— Hé kin: khong trao d6i vat chat nhung c6 thé trao ddi nang lugng voi moi truong.

1.2. Ham s6 trang thai: Céc dai luong xdc dinh trang thdi ctia hé. Vi du nhiét do, dp suét, thé tich, noi
nang,...

Nhing dai lugng la ham trang théi c6 dac diém 12 bién thién cta né trong bat ky qué trinh nao ciing
chi phu thudc vao trang thai dau va cubi ma khong phu thudc vao céch dién bién cta qud trinh. Vi du,
bién thién cua thé nang cua mot vat & hai trang thai khac nhau chi phu thudc vao d9 cao ¢ hai trang thai
ma khong phu thudc con duong dua vat tir trang thdi nay sang trang thdi kia.

1.3. Qué trinh nhi¢t dgng: Khi hé chuyén tir trang thai nay sang mot trang thai khac ta néi hé da thuc
hién dugc mot qua trinh.

— Qué trinh déng tich: thé tich khong doi.

— Qué trinh déng 4p: 4p suit khong doi.

— Qud trinh dang nhiét: nhiét do khong doi.

— Qua trinh doan nhiét: khong trao ddi nhiét véi moi truong.
2.NGUYEN LY THU NHAT CUA NHIET PONG HQC
2.1. Ndi dung va cdc cach phat biéu

Néi dung: tinh chit bao toan cta ning lugng.

Phdt biéu:
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e Ning luong khéng tu sinh ra va khong tr mat di ma né chi c6 thé chuyén tir mot dang nay sang
mot dang khac. (Pinh ludt bdo toan va bién hod ning lugng cua Lomdéndxdp)

e Khong thé c6 dong co vinh cuu loai 1. (Pong co li€n tuc sinh cong ma khong can tiéu ton ning
lugng hay chi can mét lugng ban dau).

e Ton tai mot ham trang thai U goi 12 nodi ning ma bién thién cia ndi nang khi hé chuyén tir mot
trang théi nay sang mot trang thdi khic (AU) bang tong dai s6 ndng lugng da trao d6i véi moi truong
trong qué trinh bién doi nay.

e Nang luong cua mot hé ¢6 1ap ludn luén dugc bao toan.

2.2. Ndi niing — Biéu thirc ciia nguyén 1y I

Nang luong ctia mot hé gém 3 phé‘m:

— Pong nang (néu hé dang chuyén dong).

— Thé nang (do h¢ nam trong truong trong luc).

— Noi nang.

_ Trong nhiét dong hoc ngudi ta nghién ctru nhitng hé khong chuyén dong va tic dung cta truong hip
dan la khong doi vi vay chi chi y dén ndi nang.

Noi nang: Nang lugng tiém tang bén trong mot vét hay hé bao gom:

+ Tdng dong ning (chuyén dong tinh tién, quay, dao dong) clia cdc phan tir, nguyén tir, electron, hat
nhan nguyén tu.

+ Tong nang luong tuong tic (thé ning) giita ching.

Noi nang (thuong ky hi¢u béng chit U) 1a mot ham trang thai vi ing voi mdi trang thai cé mat gia tri
cua U va bién thién AU khong phu thu¢c vao qua trinh.

Gia tri tuyét ddi cua ndi nang khong xac dinh dugc nhung bién thién cta né khi hé chuyén tur trang
thai 1 c6 no1 nang U, sang trang thai 2 ¢6 ndi nang U,,.

AU=U,-U, c6 thé x4c dinh duoc qua lugng nhi¢t Q va luong cong A ma hé da trao ddi (cho hoac
nhan) trong qua trinh do.
AU=Q +A (3.1)
Day 12 biéu thirc nguyén 1y I ctia nhiét dong hoc.

Luu y: Theo quy udc, néu hé nhan dugc ning lugng dudi dang nhiét hay cong thi Q va A c6 gia tri
duong. Nguoc lai néu hé sinh nang lugng thi Q va A c6 gié tri am.

Vidu:
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Khi néi hé phan tng tod ra mot nhiét lwong 1a 100 Kcalo ¢6 nghia la Q = —100 Kcal
— Trong biéu thirc trén, céng A bao gém hai loai cong:

e Congdanno Ay, =-P.AV

e Cong c6 ich A' gdom tit ca cdc loai cong khac ma h¢ trao d6i véi méi truong nhu cong dién, cong
hod hoc, cong co hoc... Khi d6 bi¢u thirc nguyén 1y I ¢6 dang:

AU=Q+A'-P.AV (3.2)
Chung ta hiy xem xét biéu thirc nguyén 1y I trong mot s6 vi du sau day:
Vidu I:
Ta hdy hinh dung mot thi nghiém nhu & hinh 3.1. O trang thdi dau hé gdm mot xilanh c6 pittong
trong d6 ¢6 mot lo dung dung dich HCI va mot it kém. Lic nay h¢ ¢6 ndi nang U,. Khi nghiéng xilanh

dé thuc hién phan tng gitra acid va kém, hé toa ra mét nhi¢t lwong Q va sinh ra mdt cong dan n¢ (cong
chong dp suat khi quyén P) A =-P.AV.

Két thiic thi nghiém hé nam ¢ trang thdi cudi c6 ndi ning U,. Theo nguyén ly I ta c6:
AU =Q-P. AV.

Vi Q<0nénAU<O

Diéu nay c6 nghia la lugng nhiét tod ra va lugng cong ma h¢ thuc hién duoc 1a do sy gidm ndi nang
cua hé.

}oav

Hinh 3.1. M6 hinh thi nghiém minh hoa biéu thirc nguyén ly thir nhiat cua nhiét dong hoc
Vidu2:

Hoat dong cua mot chiéc pin:
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Neu hai cuc cta pin dugc ndi véi mot moto (vi du mét cdi quat) thi ¢ trang théi dau (khi chua  dong
cong tic) toan bd hé c6 mot ndi ning 1a U, chang han. Sau khi déng cong tic va cho quat quay dén khi

dung, h¢ da sinh ra mot cong A’ (cdng co nang) co ich. bén trang thai nay hé¢ c6 mdt ndi nang la U,.

Nhu vy trong qua trinh nay da c6 mét bién doi n6i nang AU = U, - U,.

Néu coi nhiét toa ra & ddy l1a khong dang k& (Q = 0), hé khong thay doi thé tich (A , = 0) thi bicu
thirc cia nguyén 1y thir nhét trong truong hop nay 1a:

AU = A' ma A'< 0 (vi h¢ sinh cong)
Khi d6 AU < 0. Diéu nay c6 nghia 12 cong dién sinh ra ¢ ddy 1a do sy giam ndi nang cua hé.

Ciing vi du nay, néu pin chi ndi véi dién tré toa nhiét. Khi d6 Q <0, A qn=0,A'=0)

AU = Q — AU < 0. biéu nay c6 nghia la nhi¢t lugng tod ra trén dién tréd do sy gidm ndi nang cua
pin.

T e

L-] U._;. UI U:)

Hinh 3.2. M6 hinh thi nghiém minh hoa biéu thirc nguyén ly thir nhat cua nhiét dong hoc
khi hé chi sinh cong hoac chi toa nhiét

2.3. Enthalpy

Nhu trén da thdy trong mot qud trinh dang tich AV =0 — A an =0 Néu hé khong thuc hién cong c6
ich (A"=0) thi Q, = AU.

C6 nghia 1a nhiét trao d6i trong mot qué trinh dang tich bang bién thién cua ndi ning.
Trong mot qué trinh ddng 4p néu hé khong sinh cong c6 ich ta co:

AU = Q - P.AV hay Qp= AU + P.AV

Qp =U,-U, +PV,-PV, =(U,+PV,)) - (U, +PV))
Ky hiéu U + PV = H ta c¢:

Q,=H,-H =AH
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Nhu vay nhiét trao dbi trong mot qué trinh dang 4p bang blen thién cua mot ham trang thai méi goi
1a enthalpy ky hiéu bang H. Noi ning va enthalpy c6 ban chét giéng nhau, déu 1a nang lugng tiém tang
bén trong mot hé hay vat bat ky.

H=U+PV hay AH = AU + P.AV (3.3)

Céc phan tng hod hoc thuong duoc thuc hién trong diéu kién dp sudt khi quyén khong ddi va néu
khong c6 sy tham gia cua cac chat khi (AV = 0) thi

AH=AU;H=U
3. NHIET HOA HQC
3.1. Hiéu trng nhiét cia phan ing (nhiét phan tng)
Trong mot phan tmg hod hoc, vi du:
A+B—->C+D

Thuodng nang lugng toan phan (ndi nang hay enthalpy cua cédc chét tham gia phan g khéc v6i nang
lugng toan phan cua cac chat san pham phan Ung. Két qua 12 sau phan tmg c6 mot phan ndi ning hay
enthalpy bi bién ddi. Phan nay duoc chuyén thanh nhiét.

Luong nhiét toa ra hay hap thu vao trong mot phan tng hoa hoc dugc goi 1a hiéu ing nhiét ciia phan
Umg. Hi¢u tng nhiét cta phan tmg thuong dugc ky hiéu bang bién thién cta enthanpy A H (phan {ng

ho4 hoc thuong thuc hién ¢ dp suat khong doi va khong sinh cong c6 ich).

Phuong trinh phan tmg hod hoc c¢6 ghi rd trang thdi cua cdc chat va hiéu tng nhiét duoc goi 1a
phuong trinh nhiét hoa hoc.

Vidu:
C(r) +O,(k) — CO,(k); A H =~ 94,05 Kcal
3.2. Dinh luat Hess

Hi€u g nhiét ciia mot phan img chi phu thudc vao ban chat va trang thdi cua céc chat dau va cudi
ma khong phu thudc vio cich thirc dién bién cia phan ung.

Vi duy, v6i phan ung:
co Bang thyc nghiém ngudi ta x4c dinh dugc:
ﬂHV \_'H.Hg AH, =-94,1; AH,=-264; AH; =~ 67,6 Kcal
AH4
i — GO _
Z  AH, =AH, + AH,
3.3. Tinh hiéu &rng nhiét ctiia phan wng dwa vao nhiét sinh
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Nhiét sinh ciia mét chat la nhiét ciia phan ung tao ra Imol chdt dé tir cdc don chat ¢ trang thdi bén

virng.

Vidu:

2Al+ gog = AL O,

AHY = — 899,1 Keal/mol

Luu y: — Nhiét sinh x4c dinh ¢ diéu kién 1 atm va 298°K dugc goi 1a nhiét sinh tiéu chuan va ky

hiéu la AHSC.

— Nhiét sinh ctia cdc don chét bén bang 0.

BANG 3.1. NHIET SINH TIEU CHUAN, ENTROPY TUYET POl

VA BIEN THIEN NANG LUQNG TU’ DO SINH TIEU CHUAN CUA MOT SO HOP CHAT

Hop chat Cong thirc | Trang A HO s? A G
thai | (kcalimol) | (cal/molK) | (Kcalimol)

hydro H, k 0 31,2 0
oxy 0, k 0 49,0 0
nito N, k 0 45,8 0
clo Cl, k 0 53,3 0
carbon C r 0 1,4 0
natri Na r 0 12,2 0
nwédc H,O h -57,8 451 -54,69
nwédc H,O [ - 68,3 16,7 -56,74
carbon oxyd CO k - 26,4 47,3 -32,84
cacbon dioxyd CO, k - 941 51,1 —94,33
amoniac NH, k -11,0 45,8 -3,91
amoniac NH, dd -19,3
hydroclorid HCI k - 22,1 447 —22,79
hydrobromid HBr k - 8,67 47,48 -12,73
hydroiodid HI k + 6,3 49,4 +0,31
natri clorid NaCl r —98,6 17,32 -91,87
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natri hydroxyd NaOH r -102,3 125,12 -90,19
anhydrid sulfuro SO, k -71,0 59,3 -71,86
anhydrid sulfuric SO, k —-945 61,4 -88,61
methan CH, k -17,9 44.5 —-12,15
ethan C,Hg k —-20,4 54,8

ethylen C2H4 k +12,5 52,5

acetylen C,H, k +54,2 48,0 +50,05
benzen CeHg I +11,7 64,4 +41,34
ethanol CzH5OH | - 66,4 38,4 —41,81
acetaldehyd CH,CHO I — 39,8 63,56

aceton CH,COCH, I —-59,3 47,55 -36,73
a.acetic CH,COOH I -115,7 38,2 -93,18
a.butyric C,H,COOH I -128,1

a.benzoic C¢HsCOOH r -91,7

a.fumaric C,H,0, r —194,1

a.sucynic C,HsO, r —-225,0

L alanin C,H,NO, r —134,6 30,91 —88,56
glycin C,H:NO, r -128,5 24,76 -90,36
a.glutamic CsHgNO, r —-241,2

a.aspartic C,H,NO, r —233,3

ure [\1H2(30N|-|2 r —-76,3 25

ure NH,CONH, dd - 79,6 —48,72
o —Dglucose CeH1,04 r —304,6 —219,24
sacarose Cy,Hs044 r —-531,5 86,19 -369,45
glycerin C,HgO, I -160,45 48,95 -114,71
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Vidu:

Xéc dinh hi¢u ing nhiét AHy, cua phan tng:

ALO; + 380; = Al SO,),
Biét AH® -399,1 - 945 ~ 821,0 Kcal/mol
ALO, + 80,
AL [ AH
ZAl + 60, + 38 AHL » Al (50),

Theo dinh luat Hess ta c6:
AHy = AH, - AH,
AH, = SAHS (sp) - ZAHO (tg)
AHy, = - 821 — [3(- 94.5) - 399,1] = 138,5 Kcal.

Hiéu ttng nhiét ciia mot phdn g bang téng nhiét sinh ciia cdc chdt san pham trir di tong nhiét sinh
cua cdc chat tham gia phan ung.

Vidu I:
Tinh hiéu Gmg nhiét cia phan Gmg oxy—ho4 glucose & diéu kién tiéu chuan.
CgH,,0( (1) + 60, (k) — 6CO,(k) + 6H,0(1)
Biét AH"  —304,0 ~94,6 —68,3
AHXO = 6(—94,6) + 6(— 68,3) — (— 304,6 +0) = — 670 Kcal.

Vidu2:

Tinh hiéu tmg nhiét cua phan ng thuy phan ure thanh CO, va NH; (phan tng nay thyc té khong

xay ra néu thi€u urease)

QTH)LCO (dd) + HO () AHD €Oz (dd) + 219Hs (dd)
Biét AHS 763  —68.3 ~98,7  -19,3 Kcal/mol
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AHXO =[-98,7 +2(-19,3)] - [-76,3 + (-68,3)] = 7,3 Kcal.
3.4. Xac dinh hi¢u @ng nhiét cia phan ing dwa vao nhiét chay
Nhiét chdy ciia mét chdt la nhiét cia phan vmg dot chdy 1 mol chat dé dé tao ra cdc oxyd cao nht.
Vidu:
C,Hs0OH + 30, — 2CO, + 3H,0 AHCO= —327 Kcal/mol
Luu y:

— Nhiét chdy xédc dinh ¢ diéu kién tiéu chudn duoc goi 12 nhiét chdy tiéu chuan va duoc ky hiéu 1a
AH "

— Nhiét chdy cua cic oxyd cao nhit bang 0.

Bang 1.2. 1a gid tri nhiét chdy tiéu chuan ctia mot s hop chit. Dua vao bang nhiét chdy ta c¢6 thé tinh
duogc hi€u ung nhi¢t cia mot phan Gng.

Vidu:
Xéc dinh hi¢u ing nhiét AHy, cua phan tng:
2C0 + 4H, — H,0+C,H,OH

Bié: AH? -67.6 68,3 ~326,7 Kcal/mol

H,0 + C,H,0H

#H,
AH

a

300 + 4H, — 100, + 4H,0
1

Theo dinh luat Hess ta c6:
AHy, = AH,~ AH,
AH, =% AH %(tg) X AH (sp)
AHy, = [2(- 67,6)+ 4(=68,3)] - (- 326,7) = -81,8 Kcal.

Hiéu vmg nhiét cua mot phan ung bang tong nhiét chdy ciia cdc chat tham gia trir di tong nhiét chdy
cua cdc chat san phdm phan ung.
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BANG 3.2. NHIET CHAY TIEU CHUAN CUA MOT SO CHAT

Hop chéat Trang thai AHO, Hop chét Trang thai AHO,
(Kcal/mol) (Kcal/mol)
hydro k —-68,3 phenol I —-372,0
methan k -212,8 aceton | —430,9
ethan k -372,8 a.acetic I —208,3
ethylen k —-337,2 a.benzoic r -771,8
acetylen k -310,6 ethyl acetat I —-538,0
benzen | —783,4 anilin | -811,9
naphthalen r -123,0 toluen | —934,5
cloroform I - 89,2 methanol I -173,7
CCl, I -37,3 ethanol I —326,7

3.5. Nhirng tinh toan dwa vao nhiét nguyén tir hoa va ning lwong lién két

Nhiét nguyén tir hod cua mot chat & nhiét lirong can thiét @é phan huy 1 mol chdt ¢ thé khi thanh
cdc nguyén tu o thé khi.

Nhiét nguyén tir hod duoc ky hiéu bang AH
Vidu:
H

H, (k) — 2H (k) AH, = 104,2 Kesl/mol

CH, (k) — C (k) + 4H(k) AH, = 398,0 Keal/mol

~Nang luong cua mot lién két la ning lwong can thiét @é phd vé 1 mol lién két thanh cdc nguyén tir &
thé khi.

BANG 3.3. NANG LUONG LIEN KET TRUNG BINH CUA MOT SO LIEN KET

7 Phan tor E (Kcal/mol) Lién két Phan to E
(Kcal/mol)
H-H H, 104,2 O-H H,O 110,0
C-H CH, 99,0 O-H ROH 104,7
Cc-C C,Hg 78,0 N-H NH, 93,4
C=C C,H, 140,0 N-N 38,0
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C=C C,H, 193,0 N=N N, 2254
c-C CeHg 120,0 S-H H,S 82,0
Cc-0 C,HOH 75,0 S=0 92,0
C=0 ceton 156,0 Cl-Cl Cl, 58,0
= aldehyd 150,0 H-Cl HCI 103,2
C= CO, 168,0 C-Cl R—CI 75,8
C=N HCN 207,9 C—-N RNH, 65,9
0-0 H,O, 33,0 0=0 0, 117,0

Ning lugng lién két duoc ky hiéu bang E.

Vidu:

E_p 1a nang luong lién két giita hai nguyén tir hydro trong phén tir H,. Nang lugng nay ciing chinh

bang nhi¢t nguyen tir hod cua H,.

SH

H,

=Eg_ g

Dbi vé6i phan tir CH 4 thi &HG-I_‘ = dE¢_g vi trong phén tir nay c6 4 lién két C—H. Mot cch tuong
t =
I.I EI'HCEH‘ d-Ec__H'f' Ec:c_

Vidu I:

Tinh ning luong lién két O — H trong phan tir H,0 biét:

AHZy 0= - 57.8 Kealimol

ﬂLHH2 = 104, 2 Kcal/mol

ﬂLHQ2 = 117.0 Kcal/mal

H

AHy,

dH

-

AH%

* HO

MH Hq0 = EEO_H
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Theo dinh luat Hess ta c6:
1 0
EED—Hz '&HEZ + E&HDZ —.."."';H a3
Eo_g= %(164,2 + 58,6 — §7,d)= 110 Keal/mol
Vidu 2:
Tinh ning luong lién két C = C trong phén tir C,H, biét:

AHZ gy, =12,5Kcal/mol

Eu g = 1042 Kcalimol

E- g =99 0 Ecal/mol

AHerpsopn = 171,35 Ecalfmel

ri= AT
2Cy +  ZHs + oy
2Egm

28Hems o 4Heg, = Ecc + 4Ec_

2Ck)  + 4H

Theo dinh luat Hess ta c6:

_ 0
Ecoe=2AHy, oo + 2By —AHg" - 4B g

Ecoc=2.1715+2.104,2 - 12,5 - 4.99,0 = 142,5 Kcal/mol
Vidu 3:
Tinh hi¢u trng nhiét cia phan trng hydro ho4 ethylen:
CH, = CH, + H, — C,H biét:
EC=C = 142,5 Kcal/mol
Ec_g =99.0 Kcal/mol

Ep = 104,2 Kcal/mol

EC—C = 78,0 Kcal/mol
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AH
CHo=CH; +Ho » CaHs

Ecec+4Ecn + Exn
Ecc+EéEcH

220+ 6H

Theo dinh luat Hess ta co:

=142,5+104,2 -2.99,0 -78,0 = - 29,3 Kcal/mol

Hiéu ung nhiét cua mot phan ung bdng t6ng nang liwong lién két trong cdc chat tham gia trir di tong
nang luong lién ket trong cdc chat san pham phan vng.

4.NGUYEN LY THU II CUA NHIET PONG HQC
4.1. Néi dung va céc cach phat biéu

Noi dung:

Nguyén ly thi 11 dé cap dén mot dac tinh khic ctia ning lugng. D6 1a trong khi céc dang nang lugng
khéc c6 thé bién hoan toan thanh nhiét thi nhiét lai chi c6 thé bién mot phan thanh cdc dang nang lugng

khac.

Nghi€n cau nguyén ly thir IT cho phép rit ra mot s6 ham sb trang thdi 1am tiéu chuan dé xét dodn
mat phan tng nhat dinh c6 thé tu xay ra khong.

Phdt biéu:

Mgudn nhiét

e Nhiét khong thé tu truyén tir mot vat lanh sang mot vét néng Q1T
hon. Clausius 1850.

e Khong thé c6 dong co vinh ciru loai 2 1a dong co bién hoan
toan nhiét nhan duoc thanh cong (cling c6 nghia dong co lam vi¢c
ma khong chiu mot sy mat mat nhiét nao).

e Ton tai mot ham ) trang thai goi la entropy ky hi¢u 1a S ma l
bién thién cua n6 trong mdt qua trinh thudn nghich AS bang ty s6 QoTs Nguén thai nhift
gitta nhi¢t lugng trao doi trong qud trinh d6 va nhiét do tai dé xay
ra sy trao doi nhiét. Nghia la:
ag=Sm

(3.4)

Dbi véi qud trinh khong thuan nghich:
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thn
AT === 3.5
T (3-5)

Ta hay xem xét so d6 mot may nhiét
Hi¢u suat cua mdy:

ﬂ:i: Ql ~ l:ng Tl_TE
Q Q T

=1—

H|

—_

(3.6)

T d6 c6 thé di dén két luan:

— Hiéu suét ctia mot mdy nhi¢t khong bao gid dat dugc 100% vi T, khong khi nao dat duoc gid tri 0°
tuyét d6i. Didu nay ciing c6 nghia khong thé nao bién hoan toan nhiét nhan dugc thanh cong (khong c6
mat mat nhi¢t nang).

Vi vay biéu thirc (3.6) duoc goi 1a biéu thirc ctia nguyén 1y 11
4.2. Khai niém vé entropy
4.2.1. Qud trinh tw dién bién

Céc qué trinh tu dién bién 12 qud trinh ty né c6 kha ning xay ra ma khong can tic dong tir bén ngoai.
Vidu:

Nhom qua trinh A:

— Nudc chay tir chd cao dén chd thép.

— Khi chuyén tir noi ¢6 dp sut cao dén noi c6 dp sudt thap.

— Nhiét truyén tir vat néng sang vt lanh.

Trong nhém nay hé mét dan kha nang sinh cong (giam ning luong) va chuyén dan dén trang thai can
bang.

Nhoém qua trinh B:

— Cuc nudc da tu chay thanh nudce.

— Su khuyéch tin vao nhau cta hai khi khéc nhau.

— Nhiéu phan ng phan huy chat ciing ty xay ra, vi du: N,0, — 2NO,

Trong nhém nay hé chuyén tir trang théi sap xép c6 trat tu sang trang thdi kém trét ty hon.

Tat ca céc qué trinh ty dién bién néi trén déu khong thé tu xay ra theo chiéu nguoc lai, ching la
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nhitng qu4 trinh bét thuan nghich.
4.2.2. Entropy

Trong cac vi du 4 nhém A dé déng tim thay tiéu chuan dé qua trinh tu dién bién. D6 1a sy chénh léch
veé do cao (Ah), vé ap sudt (Ap), va vé nhiét do (AT). Vay & nhom B tiéu chuan tir dién bién 1a gi? Va
tiéu chuan nao c6 thé 4p dung chung cho cc qua trinh ty dién bién? D6 1a bién thién ctia mot dai luong

moi S goi la entropy va ky hiéu 1a (AS).

3 Vé y nghia vat ly, entropy la thudc do muc ~d(f) hdn don cua vat chat: ung voi trang thai c6 trat tyu (it
hon don) S c6 gid tri nho, hé & trang thdi cang hon don S c6 gia tri cang 16n.

Trong nhiét dong hoc théng ké nguoi ta lién hé mirc do hén dén cua hé véi mor dai luong goi la xdc
suat nhiét dong W.

Theo Boltzmann, entropi co quan hé voi W qua hé thure:
S = kinW
Trong dé: k la hang sé Boltzmann
W la xdc sudt nhiét dong cua hé, biéu thi sé trang thdi vi mé wng voi mot trang thdi vi mo cua hé.
Vi du: Trang thdi vi mo ciia mét khoi khi dwoc ddc trung bang cdc thong sé vi mo nhue p, V, T, n.

Trang thdi vi mo cua no dac trung bang cdc thong so vi mo cua tung tiéu phdan nhw dong nang, van
toc cua phan tu.

Theo gia thiét cuia Planck, chi & nhiét do 0 tuyét doi ( 0’k ) thi $6 trang thdi vi mé méi bang 1(W= 1)
va S = 0.

Vi vdy vdt chdt cang hon dén thi sé trang thdi vi mo (W) cang 1ém, entropy cang lom.

Qua trinh ty dién bién c6 xu hudng dua hé tir trang théi ¢ trat ty sang trang thai mét trat ty cling c6
nghia 1a theo chiéu tang entropy (AS > 0).

Do6i véi nhitng qua trinh ¢6 lién quan dén nhiét

.
B =
ASz (3.7

Q la nhiét luong ma hé da trao d6i trong qud trinh hé chuyén tur Q
trang théi 1 sang trang thai 2 con T la nhiét do tai d6 xdy ra sy trao doi =
nhiét. T

Dau = dbi v6i qué trinh thuan nghich, dau > d6i v6i qua trinh bat
thuan nghich. i

Vidu:
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Tinh bién thién entropy ctia 1 mol nudc dd néng chay cham chap (coi 12 thuin nghich) & 0°C =
373°K, biét nhiét ndng chay cua nudc dé la 1436,3 cal/mol.

Q,  +14353
T 273

LS = =+ 5,26 cal/mol. K

Tur biéu thire (3.7) c6 thé rit ra két luan:

Trong mot h¢ cd 1ap (Q = 0) thi mdt qua trinh tu dién bién (bét thudn nghich) kém theo sy ting
entropy ctia hé AS > 0, mot qud trinh thuan nghich hay cn bang c6 AS = 0

N6i mot cach khac trong mot hé ¢d 1ap néu bién thién entropy cua mét qua trinh ¢6 g1a tri duong thi
qud trinh d6 c6 thé ty dién bién, néu bang O thi hé nim & trang thai cn bang. Nhu vdy bién thién
entropy 12 mot tiéu chuan dé xét doan mot qud trinh c6 tu xdy ra khong trong hé co 1ap.

4.3. Ning lwong tw do va tiéu chuin ty dién bién ciia mét qua trinh

Tir hai nhém qud trinh ty dién bién ndi trén ta thdy c6 hai khuynh huéng:

— Hé giai phéng ning luong (AH< 0) va dat tdi trang thai bén vitng hon.

— H¢ tu trang thdi co trat tu chuyén dén trang thai vo trat tu (AS > 0).

Nhu vay ca hai yéu td enthalpy va entropy quyét dinh khuynh huong tu dién bién cua mot qua trinh

nhat dinh. D& xét dodn mot qud trinh ¢ thé tu xay ra hay khong can phai danh gid dong thoi hai yéu td
trén.

Néu mét qua trinh nao d6 c6 AH< 0 va AS >0 thi chéc chin 12 mot qua trinh ty din bién. Tuy nhién
diéu gl s€ xay ra néu mot qué trinh khong dong thoi thoa mén hai tiéu chuén trén va khi d6 thi tiéu
chuan nao cho phép ddnh gi chiéu hudng tu dién bién.

Giai phdp nay dugc thuc hién khi st dung mot ham trang thdi méi bao gdm ca hai yéu t6 ndi trén.
D6 1a thé ding dp dang nhiét hay ning lugng tu do, ky hiéu G.

G=H-TS

Bién thién nang lugng tu do khi hé chuyén tir mot trang thai nay sang mot trang thai khdc duoc xdc
dinh bang biéu thirc:

AG = AH - TAS
Nhu viy AG 1a ning luong lién quan véi bién thién ning luong toan phan cia hé AH trir di nang
lugng 1am ting d6 hon don cia hé Q = TAS. N6i mot cach khic d6 1a ning lugng dugc giai phéng béi

hé va c6 thé thuc hién cong c6 ich.

Vi rang mot hé bat ky ludn ludn c6 xu hudng giam niang lwong va sinh cong nén mot qud trinh s& tu
dién bién khi AG < 0. Khi AG = 0 h¢ dat dén trang thai can bang.
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Tt biéu thire nguyén 1y I: AU =Q + A'—PAV

Tu nguyén ly II ta c6: Q=TAS
Tu d6: A'=AU + PAV — TAS
=U,-U,; +PV,-PV, -TS, - TS,
=U, +PV,-TS,)- (U, +PV, -TS))
=H,-TS,) - (H, -TS))

Néu thay H-TS =G ta c6:

A'=G, -G, =AG=AH - TAS

Tir biéu thitc G = H — TS ta thiy ning luong ty do 12 mot phan ning luong toan phan cua hg¢, phan

d6 trong bién doi c6 thé sinh cong c6 ich (A’ =
dudi dang nhiét, lam tang do hon loan cua hé.

AG), phan con lai (TAS = Q) khong thé sinh cong, tdn tai

Nhu vdy dé xem xét mot qud trinh c6 thé tu xay ra khong ta phai xdc dinh AG.

BANG 3.4. TAC DPONG CUA CAC YEU TO ENTHALPY VA ENTROPY
LEN CHIEU HU'ONG DIEN BIEN CUA MOT PHAN UNG

AH | AS AG Két luan Vi du
1 - + - Tw xay ra 20, - 30,
2 + - + Khéng tw xay ra 30, # 20,
3 |- - & t0 thdp Tw xay ra & t% thap O, +2H, - H,0
4 + + & t0 cao Tw xay ra & t% cao CaCO,; — CaO + CO,
5 |- 0 - Ty xay ra Zn + Cu?t >
6 + 0 + Khéng tw xay ra Cu + Zn2+ =
7 0 + - Tw xay ra Khuéch tan 2 khi vao nhau
8 0 - + Khéng tw xay ra Téach riéng hén hop 2 khi

4.4. Cac phwong phép tinh bién thién niing lwong tw do ciia phan éng

4.4.1. Tinh theo bién thién enthalpy va entropy

AGY = AHO — TAS?
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ky hiéu © @& chi cdc gia tri 14y ¢ didu kién tiéu chudn (T = 298K, p = 1atm)

AH? bang hi¢u tng nhiét ciia phan tng ¢ diu kién tiéu chuan, c6 thé tinh duoc dya vao nhiét sinh
hay nhiét chdy cua cdc chat (bang 1.1 va 1.2).

AS 12 bién thién entropy ctia phan ting, c6 thé tinh duoc qua céc gia tri entropy chuan ciia cdc chat
sY (bang 1.1). Vi S 1a ham trang thai nén:

AS!, = I8, - IS

g
Vidu I:
Cho phan trng CaCO5(r) — CaO(r) + CO,(k)
Biét AH{" (Kcal/mol) —288.,5 -151,9 94,0
SO (cal/mol) 22,2 9,5 51,1
Hiay - Xdc dinh chiéu ty xay ra cta phan tng ¢ diéu kién chuén.
— Xéc dinh nhiét do tai d6 CaCO, bt dau bi phan huy.
Giai: AGY , =AH , —TAS®
AHY o = —151,9 = 94,0 + 2885 = 42,6 Kcal/mol

AS = 51,1495 -22,2 = 38,4 cal/mol

AG = 42,6. 10° - 298. 38,4 = 33.156,8 cal/mol > 0
Vay phan trng thuédn c6 AGY > 0, tirc 1a phan tmg phan huy CaCO; khong xay ra ¢ diéu kién chuan.

Phan tng nay chi xay ra & nhiét do T khi:

T _ T T
AGT , =AHT | ~TAST <0

. . T T
taclakhi TAS p/u>AHp/u

AHT

T o=
AST

Néu bo qua anh hudng cta nhiét d6 dén hiéu tng nhiét va bién thién entropy cta phan tng tirc 1a coi
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AHD, = AHL, va A8 =~ AST taco:

3
p 42,6107 _ 1108,4° K= 836° C

Vidu 2:
Tinh bién thién ning luong tu do ciia phan tng:

DLleucin  + glycin  —  leucylglycin + H,O0

Biét AHO 1542 ~126,7 -207,1 —68.3
sY 49,5 21,6 67,2 16,7
Giai: AH® | =-207,1-68,3 - (-154,2 -126,7) = 5,4 Kcal/mol

ASOp/U =672+ 16,7 —(49,5 + 26,1) = 8,3 cal/mol
AGOP/U = 5400 - 298. 8,3 = 2920 cal/mol > 0
Vay & diéu kién tiéu chuan phan tng khong tu xay ra.
4.4.2. Tinh theo bién thién nang lwong tw do sinh ciia cdc chit A GOS
Hién nay ngudi ta da tinh dwoc ning luong tu do sinh cia nhiéu chat. Tir cdc sb liéu nay c6 thé tinh
bién thién fléng luong ty do cuia phan ing twong tu nhu tinh hi¢u ting nhiét cua phan tng khi biét AHOS
cua céc chat trong phan tng.
MGy =T AS toin phi — T AS tthara )
Vidu:
Tinh bién thién nang luong tu do chuin (AG®) cia phan ung:
fumarat + H,O0 — malat
Biét AS’ 1444 56,7 202,0 Kcal/mol
Giai: AGOp/u =202,0 — (144.,4 + 56,7) = — 0,88 Kcal/mol
o Tinh theo thé oxy — hod khir tiéu chudn

Bién thién nang lugng tu do chuan cua mdt phan ing oxy hod khir lién quan vai suat dién dong tiéu
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chuin E cua nguyén t6 Ganvanic trong d6 xay ra phan tmg d6 bang biéu thirc:
AGY= _nFE° (xem phan dién hod hoc)
Trong 6  n: 86 electron trao déi trong phdn irng
E%: Sudt dién dong tiéu chudn = € (+) — € (-)
F: $6 Faraday bang 23.061 calo/dlg
Vidu:

Tinh AG? cua phan tmg xay ra trong chudi ho hip té bao véi su tham gia cua cdc coenzym
cytochrom (cyt):

cyt C(Fe2) + cyt f (Fe3) — cyt C(Fe3*) + cyt f (Fe*)

Turbangtac6EO = 11V n=1

Vay AGY = — 1x 23061 x 0,11 = — 2540 calo/mol
4.4.3. Tinh theo hang sé can bang ciia phdn iing

Bién thién nang lugng ty do tiéu chuan cia mgt phan tng li€n quan vdi hang s6 can bang K cua né
qua biéu thuc:

AG’ =-2,303RT IgK
Trong d6  T: Nhiét do tiéu chudn
R: Hang s6 khi Iy tuéng bang 1,987 calo/mol.K
Vidu:
Tinh AG® ciia mot trong nhiing giai doan trao dbi glycogen:
(su transphosphoryl hod)
glucose -1- phosphat = glucose - 6 - phosphat

Bang phwong phdp hod hoc nguoi ta da xac dinh dugc rang 6 pH = 7 va 250C néu ndng d6 ban dau
cua G-1-P hay G-6-P 1a 0,02 M thi ndng d¢ lic can bang tuong tng la 0,001 va 0,019 M.

Tir d6
[G-6-F]_0,019 __,
[G-1-F] 0,001
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Vay AG" =—-2,303. 1,987. 1g 19 = — 1745calo/ mol
Nghia 1a & diéu kién tiéu chuan, qua trinh transphosphoryl hod 1a tir din bién.
4.4.4. Tinh todn dwa vao bién thién ning lwong tw do ciia cdc phén g néi tiép

Nguoi ta c6 thé tinh duoc bién thién nang lugng ty do cia mot phan trng dua trén tinh chét cong cua
nang luong ty do.

Néu c6 mdt so phan tng noi tiep voi cdc AG? tuong ung:

A - B AGY
B — C AGY
C — D AGY

thi bién thién nang luong ty do cua phan tng téng cong

A — D

AG? AGY + AGY + AGH

p/u
Vidu:

Xdc dinh bién thién ning luong tu do AG® ,p clia phan ng:

ATP + H,0 — ADP +P
Biét: ATP + glucose — ADP + glucose- 6-P
K, =661 AGY=-4,0 Kcal/mol

glucose-6-P + H,0 — glucose + P
K, =171 AGY =-3,3 Kcal/mol

Tir d6 AGSp= AGT+ AGS=—4,0-3,3 =—7,3 Kcal/mol
4.5. Su phu thudc ciia bién thién ning lwong tw do vio nong do

Cdc gid tri AGY fwong img véi nong dé chudn la IM. Bién thién nang lwong tw do trong diéu kién
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khdc véi nong dé chudn dwoc tinh bang biéu thirc:
Néu c6 phan vmg: A + B — C + D thi

AG = AGY + RT lnw

[A]E]

O diéu kién can bang ta cé AG = 0. Tir dé

AG'=_RT In [C11D] =—RTIn K
[A]'[B]
Thay gid tri cua AGY vao biéu thire ta duoc:
AG=—RT InE;+ RT In [CIID]
[A]E]

Tir biéu thirc nay, khi da xdc dinh dwoc AGY ta c6 thé tinh bién thién AG ciia mét phan vung ¢ nhitng
néng do bat ky. Vi du qua tinh todn hodc bdng thwee nghiém in vitro xdc dinh AGY ta c6 thé tinh bién
thién AG & diéu kién in vivo.

Vidu:
Phan irng thuy phan ATP thanh ADP & diéu kién tiéu chudn.:
ATP + H,O — ADP +P

M IM 1M
c6 AGY = 7000 cal/mol. Tinh AG cia phan img ¢ diéu kién sinh ly.
Nguoi ta da xde dinh dwoc trong co thé [ATP] = [ADP] [P] =107 -10°M
Tu do:

[ADFI[F]
[ATF]

AG = AGY4RT In

AG =—-7000 + RT In [P] co gid tri tw 9800 — 11000 cal/mol
4.6. Thé chuyén nhém — Cac hop chit gidu ning lweng (cao ning)

Ciing nhu nhimng phan g hod hoc théng thudng, cic phan tng ctia qud trinh trao doi chét trong co
thé ludn ludn keém theo mot bién thién ning lwong tu do (AG hay AG?).

Céc nha ho4 sinh thuong quan tim dén nhitng phan @mg c¢6 bién thién niang lugng ty do 4m (AG hay
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AGY < 0) véi y nghia day la phan nang lwong ma co thé c6 thé dung dé thuc hién cdng ¢6 ich nhu
cdc qud trinh sinh tong hop, van chuyén ion, co co, thyc hién cdc sung dién cua té bao than kinh..

Nguoi ta thuong su dung danh tur thé chuyén nhom dé chi bién thién nang lugng ty do cua phan ng
chuyen mot nhém nhét dinh tir mot phan tir chat nay (chat cho) sang mot chat khac (chat nhan) thuong
13 nuée. Nhu vy thé chuyen nhom theo mét nghia hep chinh la bién thi€n nang luong tu do cua phan
g thuy phan mot hop chat sinh hoc (chinh x4c hon 1a thuy phan mot lién két).

Vi du, phan Gmg thuy phian ATP trong diéu kién co thé:

ATP + HZO — ADP + H3PO 4

AGY = —7,3 Kcal/mol dugc g0i 12 thé chuyén nhém phosphat cia ATP.

Phan Ung thuy phén acetyl CoA:

I
CH,— C~8—CoA + H,0 — CH,COOH + HS8— CoA

AGY = 8,2 Kcal/mol 12 thé chuyén nhém acetyl ctia acetyl CoA sang nudc.

BANG 3.5. THE CHUYEN NHOM CUA MOT SO HQP CHAT

Hop chat AG? Kcal/mol Hop chat AG? Kcal/mol
creatinphosphat -10,3 glucose—1—phosphat -5,0
acetyl-S—CoA -8,2 glucose—6—phosphat -3,3
argininphosphat -7,7 alanylglycin —4,1
ATP -7,3 acetyl cholin -3,2

Nhiing hop chit c6 AGY > -6 Kcal/mol thuong duoc goi la nhimng hop chét gidu niang luong (hay
hop chat cao nang) Trong cong thirc ciu tao clia cdc hop chat nay, lién két tai d6 xay ra sy thuy phan
duogc ky hiéu bang diu ~ .

Viduphanter ATP: Adenosin -P ~P ~P

acetyl-S—CoA: CH;COO ~ S-CoA

Céc phan tng thuy phén cua céc chét cao nang thuong dong vai trd "kem" nhiing phan ung doi hoi
nang lugng theo co ché phan tng lién hop rat pho bién trong co thé.

CAU HOI TV LUONG GIA

3.1. Thé nao 12 ndi ning ctia mot hé? Noi nang phu thudc vao nhiing yéu t6 nao?
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3.2. N6i dung va biéu thirc ctia nguyén 1y thir nhit ctia nhiét dong hoc.

3.3. Hiéu g nhiét cua phan tmg. Phét bicu dinh ludt Hess vé hiéu g nhiét ciia phan Gg.
Tai sao néi dinh luat Hess 1a h¢ qua ctia nguyén ly thir nhat cua nhiét dong hoc.

3.4. DBinh nghia nhi¢t sinh, nhiét chdy cua mot chét. Cong thuc tinh hi€u tng nhiét ctia phan
ung dya vao nhiét sinh, nhiét chdy.

3.5. Dinh nghia nhiét nguyén tir hod cua mot chét. Ning luogng lién két 1a gi? Ching c6
quan h¢ v6i nhau nhu thé nao?

3.6. Tinh AHS0 cua Ca(OH), biét hiéu ung nhi¢t cua phan ung:
CaO + H,0 — Ca(OH),

AH =-15,26 Kcal/mol

AHSO cua CaO va HZO tuong tng la: —151,8 va —68,3 Kcal/mol.

3.7. Khi d6t chdy 1 mol glucose thdy thodt ra 673 Kcal. Tinh AHsocﬁa glucose biét AHSO
cua CO2 va HZO twong tng la: —94,1 va —68,3Kcal/mol.

3.8. Tinh hi¢u g nhiét cua phan tmg: C,H, + H, = C,H, biét ning luong lién két Eyy ;=
104; E_ = 147; E¢_ = 83; E,_j; = 98,8 Kcal/mol.

3.9. Noi dung va cach phat biéu nguyén 1y thi IT cta nhiét dong hoc. Entropy 12 gi? Y nghia
cua ham s6 nay.

3.10. Ning luong tu do 12 gi? Dwa vao né khi nao mot phan tmg ty dién bién?

3.11. T4c dong cua cédc yéu td enthalpy va entropy 1én chiéu huéng dién bién cta mot phan
ung.

3.12. Cic phan ung sau ddy c6 xdy ra khong & diéu kién tiéu chuén?

a) 305 — 205 AH =D

b) CgHg (h) + %C‘z (k) =6C0z+ 3 HaO AH=-7186Ecal/mel.
o) CaCls () — Cal N+ COy AH =426 Ecalimal.
d) 50aik) + % Oz — 503(k) AH=-237 Ecal/mol.

3.13. Phan Ung sau day xay ra theo chi¢u nao ¢ dic€u kién ti€u chuan?
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H,S(K) + % 0y — H,Oh)+ 8 ()

BiétAH? -438 -57.8 Kcal/mol.

805 49.1 49,0 451 7,6 cal/molK

3.14. Cho phan ung:

NH,OCONH, — CO, + 2NH,
Biét AHSOK 1544 94,1 -11,0 Kcal/mol.

AGGK —109,6 944 3,98 Kcal/mol.

Hoi: O diéu kién nay (300°K) phan ung xay ra theo chiéu n2o? O nhiét d6 nao thi phan
trng dién ra theo chiéu nguoc lai?

3.15. Cho phan ung:

C,H, + H0h) — C,HOH(M)
Biét AG” 163 54,6 40,3 Kcal/mol
8%0g 52,5 45,1 54,5 cal/mol. K

Hoi: 0 25°C phan tng dién ra theo chiéu nao? Toa nhiét hay thu nhiét.
3.16. Néu mét vai phuong phdp xédc dinh blen thién nang lugng ty do cua phan ung. Thé
chuyen nhém 1a gi? Pdi véi nhitng hop chét sinh hoc thi thé chuyen nhém dugc quy udc

nhu thé nao? Hay cho biét ¥ nghia ctia bang thé chuyén nhém. Thé nao 1a lién két giau ning
lugng (lién két c6 nang lugng cao).

Bai 4
PONG HOA HOC
MUC TIEU

1. Phdt bjéﬁ va gidi thich biéu thirc ciia dinh ludt tdc dung khoi lwong vé anh huéng ciia nong
do den toc do phan ung.

2. Thiét ldp dwoc phwong trinh déng hoc ciia mét s6 phan g don gidan ¢é bdc khdc nhau.
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3. Trinh bay dwoc nhitng quy ludt vé anh hwéng ciia nhiét dé dén téc dé phan iing.

4. Trinh bay dwoc co ché chung va gidi thich dwoc vai tro ciia chdt xiic tdc trong phdan g hod
hoc.

5. Van dung dwoc nguyén ly Le Chatelier dé dvw dodn chiéu chuyén dich cua mot cdn b&ng khi co
tdc dong cua mot so yeu to.

6. Phan biét va viét dwoc so dé ciia mot so phan g phike tap.

MO bAU

DBong hod hoc nghién cau vé toc do cua cic phan tng hod hoc va céc yéu to anh huong den toc do
nhu: nong d6 chat phan tng, nhiét do, chét xic tic. Trén co s& d6 cho phép tim hiéu vé co ché ciia céc
phan ung.
1. MOT SO KHAI NIEM
1.1.T6c d phan ing

Néu ta c6 phan trng hod hoc:

A —B

Tég d6 trung binh cuia phan tng duoc xdc dinh bang bién thién nong do ciia chit tham gia hay chat
san pham cua phan ng trong mot don vi thoi gian.

[El, - [B], _ A[E] _d[E]
At dt

Tdc d6 tirc thai duoce tinh bﬁng dao ham bac nhit cua néng do theo thoi gian

o~ lim A[B]_dIB]
A= Mt dt
hay _dia]
dt

Vi phan ung: aA + bB — pP
dé tdc d6 phan tmg 1a don gid, v dugc tinh theo biéu thuc:

- _dA]__dIB]_dF]

adt bdt  pdt

1.2. Phan wng don gidan va phan trng phirc tap
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Phdn trmg don gidn 12 phan ung chi dién ra qua mot giai doan (mot twong tic)
Vidu:

CH;~N=N-CH; - CH;~CH; + N, "

H,+1, > 2HI 2)
2NO + 0, —2NO, 3)
Mbi phan ung trén duoc goi 12 mot phan (ng co sd.
Phdn teng phirc tap 13 phan Gng dién ra qua mot sb giai doan (gém nhiéu phan tmg co o).
Vidu:
2NO+2H, — N,+2H,0 4)
Phan ng nay din ra qua mot s6 giai doan sau déy:
2NO = N,0,
N,O,+H, — N,+H,0,
H,0,+H, — 2H,0

Nhiing phan tmg c6 hé s0 trong phuong trinh 16n thuong 1a nhitng phan (mg phurc tap vi xdc suat dé
nhiéu phén tr ddng thoi va cham vao nhau la rat nho. Tuy nhién cling can luu ¥ la ¢6 nhitng phan tmng
nhin bé ngoai tudng 1a don gian nhung thuc té lai 1a phan tmg phirc tap nghia 12 gdm nhiéu phan tng co
sO.

Vidu:
N,O5 - 2NO, + 120, (5)
CO+Cl, — COCl, (6)
Toan bd cic phan tng co sd dién ra trong mot phan tng phire tap thé hién co ché cua phan tng.
2. ANH HUONG CUA NONG PO PEN TOC PQ PHAN UNG
2.1. Pinh luit tac dung khdi lwong

Xudt phiét tir quan diém cho rang mudn c6 phan ung xay ra thi cac phén tur hay nguyen to phan ung
phai va cham vao nhau, vi vy néu s6 va cham cang 16n thi téc d6 phan g cang 16n ma s6 va cham lai
phu thudc vao nong do.
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Vao nhitng ndm 1864 — 1867 Gulberg, Waager (Guynbec va Oago) ngudi Na Uy da néu ra mot dinh
luat c6 ndi dung nhu sau:

"O mét nhiét dg khong doi téc do phan vmg ty 1é thudn véi tich sé nong do cdc chdt tham gia phan
ung voi nhitng luy thira xdc dinh"

Néu c6 phan tng:
aA + bB — pP
thi theo dinh luat ta cé:
v=k[A]™[B] (4.1)

Céc luy thura m, n dugc xdc dinh bang con duong thue nghiém. Trong trudng hop phan tng don gian
no trung voi he so cua A va B trong phuong trinh hod hoc.

Vidu:
Ddi voi cac phan ung (1) (2) (3) ¢ trén ta co:
v=k, [C,H(N,]
v =k, [H,][L,]
v =k;[NOJ’[0,]

con ddi voi phan g phirc tap thi cic s6 mil clia nong d6 c6 thé khong tring v6i hé sb cua phuong
trinh hod hoc. Vi du d6i véi cdc phan (mg (4) va (6) bang thyc nghiém ngudi ta da thiét 1ap duoc
phuong trinh sau:

= k;[NOJ[H,]
v =k [CO][CL, %

Trong phuong trinh cta dinh luét tdc dung khéi lwong (phuong trinh 4.1):
[A], [B]: néng do chat A va B tinh bdng mol/l.
k: hdng 56 toc dé phan ung. Néu [A] =1, [B] = 1 khi d6 v = k.

Nhu vay k chinh 1a toc do cia phan tng khi néng do cdc chat phan Gng 1a 1 don vi. Vi vay k con
duoc goi la toc dJ riéng cua phan ung.

Gia tri cua k khdng phu thudc vao néng d9d, chi phy thudc vao nhi¢t dé va ban chit ctia cdc chét phan
ung.
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2.2. Bic va phan tir s6 ciia phan ing
Trong d6ng hod hoc cdc phan tmg duoc phan loai theo bac va phan tir sd.
® Bdc phan ung

Béc phan g 1a téng cdc sb mil cuia ndng do viét trong biéu thirc ciia dinh luat tic dung khéi luong,
turc 1a bang m + n.

Vidu:

Céc phan ung (1), (2), (3), (4), (6) twong rng 1a cac phan tng bac 1, 2, 3, 3 va 5/2.

Nhu vy bac phan tng c6 thé 1a s6 nguyén nhung ciing ¢ thé 1a phan sb.
e Phén tir 56 ciia phdn g

Su phén loai phan (g theo phan tu s6 lién quan truc tjép v6i co ché thuc cua phan tng. N6 dugc
xdc dinh bang so6 ti€u phén (phén tr, nguyén tir hay ion) dong thoi tuong tdc voi nhau trong mot phan
ung don gian. Vi vdy phan tir sO chi c6 thé 1a s6 nguyén.
Vidu:

Trong phan tng:

CH;~N=N-CH; - CH,~ CH; +N,

tham gia vao tuong tic chi c6 mot phan tir. Vi vdy phan tng c¢6 phan tir s6 12 mot hay phan tng don
phéan tur.

Trong phan ung: H, + 1, — 2HI d tao thanh san phém hai phén tr H, va I, phai ddng thoi tham gia

vao mot tuong tac vi vay phan ing dugc coi 1a phan tir s6 bang hai hay phan ng ludng phén ti. Nhu:ng
phan ng ¢6 phén tir s6 bang 3 hay cao hon thuong it gdp vi xdc suat dé ddng thoi 3 phan tir phan tng
v6i nhau rat nho.

Cén luu ¥ rang trong nhitng phan tmg don gian thi bac phan tng thudng tring vi phan tir sd.
3. PHUONG TRINH PONG HQC CUA CAC PHAN UNG

e Phuong trinh m6 ta quan h¢ dinh lugng gitra ndng do céc chét phan Umg va thoi gian. Dya vao
phuong trinh dong hoc ¢6 thé xédc dinh dugc mot s thong sd quan trong nhu hang s toc d6 phan tng,
bac phan trng, chu ky ntra phan huy...
3.1. Phan tng bac 1

Phan tng bac 1 ¢6 dang tong quat:

Iz
A 3P
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Vidu:

HaDw — HaO+ % )

Th — Ra+ He

Theo dinh nghia téc d6 va dinh luat tic dung khéi lugng ta c6:

v = _@: k, [4]
dr
tur do:
——d[A] =lg, dt
A

Giai phuong trinh vi phan nay ta duogc:

~In[A]+1In [Ay] =kt

hay In [A] =— klt +In [AO]

[A]: nong dé chat A tai thoi diém t

[AO]: néng doé ban dau cua chat A (khit=20)

Phuong trinh (4.2) dugc biéu dién trén do thi 1a mot duong
thang tao vai truc hoanh mot goc a c6 tgaw =k (hinh 4.1)

Phuong trinh (2.2) con viét dudi dang:

Hing sb téc d6 phan tng bac mot c¢6 thi nguyén thoi gian -1

In[A]

(4.2)
In[A]

tgo =k,

Tho1 glan t

Hinh 4.1. Bé thi phan &ng bac 1

Goi tla thoi gian dé néng d6 ban dau con lai mot nira, tic 1a khi:

1
[4] = 3 [4,] thay gi4 tri nay vao phuong trinh (4.3) ta c6:

1. [A]] In2
iz [A] ke,

4.4)

Nhu véy thoi gian ban huy cua phan tng bac mot khong phu thude vao ndng d6 ban dau.
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Céc phuong trinh (4.2), (4.3) va (4.4) 1a cac phuong trinh dac trung cho phan rng bac mat.

Vidu:

Phan tmg bac 1 ¢ 50°C ¢6 k, = 0,071 min~'. Hoi sau bao lau nong dd ban dau [Ay] = 0,01 mol/l
giam di 10 1an.

Giai:

]n[AD] 3 2,3[]313 0,01 _ 32,4 min

1
p=— =
k, [A] 0,0717°0,001

3.2. Phan tng bac 2

Phan Ung bac 2 c6 cac dang: 2A - P
A+B — P
e Dang: 248 E:i P
Vidu:

12
y= - S e
dt
_dAL s
dt

Giai phuong trinh vi phan trén ta duoc:

1 1
— =kt + ——
[A] ! [(A,] (4.5)
1.1 1
hay k_ - __ _—_ -
) ([A] [AD]) (4.6

Phuong trinh (4.5) dugc biéu dién trén d thi 1a mot dudng thing
tao voi truc hoanh mot goc o 6 tgat = k, (hinh 4.2)

Hang s6 toc d phan tmg bac hai c6 thi nguyén lit.mol~! ¢!
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Khit=tn[&]=

b=
—
il

4.7 beo = ky

J

Nhu vay d6i voi phan tng bac 2, t;, phu thudc vao ndng d6 ban 1

dAu cua chat phan ung. [45]

t

Hinh 4.2. Do thi phan (rng bac 2
dang 2A > P

Céc phuong trinh (4.5), (4.6) va (4.7) la cac dang phuong trinh dong hoc cua phan g bac 2.
e Dang LA+E 15% F
Vidu:
CH,;COOC,Hy + NaOH— CH;COONa + C,H;OH

Néu [A,] = [B,)] thi tai moi thoi diém [A] = [B]. Vi véy:
v=——— =k [A] [B] = K, [A]°

va do d6 c6 thé ap dung cac phuong trinh (4.5), (4.6) va (4.7)

Néu [Ag] # [By]
dlA] dlA]
= ——— =k [A] [B] tirdé - =
ki It : [A] [E] [A] [B] 2

Giai phuong trinh vi phan trén ta dugc:

1 [B, JIA]
kb= — In =
" IA1-[B,] [A,]-[B] (4.8)

Phuong trinh (4.8) duoc biéu dién trén do thi 1a mot duong thrflng tao voi truc hoanh mot géc o c6
tga =k, [Ayl - [B] (hinh 4.3)
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tgo= ky [Ag]-[By]

t
Hinh 4.3. D6 thj phan (rng bac 2 dang A + B — P véi [Ao] #[Bgl
Vidu:

Phan tmg thuy phan acetat ethyl bing NaOH & 10°C c6 hang s6 téc d phan tmg k, = 2,38 lit.mol ™.
min~!. Tinh thoi gian can dé xa phong hod 50% luong ester khi tron 1 lit dung dich ester 0,05M voi:

a) 1 lit NaOH 0,05M.
b) 1 lit NaOH 0,1M.
Giai: a) Taco: [AO] =0,025M; [BO] =0,025M
[A] =[B]=0,0125M
Thay céc gia tri cua [AO] va [A] vao phuong trinh (4.6) ta dugc:

S B B
2,38 0,0125 0,025

1= 16,8 min = 16 min 44

b) Ta cé: [AO] =0,025M; [BO] =0,05M

[A] =0,0125M; [B] = 0,0375M.

Thay céc gia tri cua [AO], [A] va [Byl, [B] vao phuong trinh (4.8) ta duogc:
t=6 min 49 s

3.3. Phan tng bac 3
L . A . k3
Céc phan rng bac 3 c6 dang: 34 — P
2A+B - P

A+B+C —> P

http://tieulun.hopto.org



Xét truong hop don gian nhat.

Ay AL,
t

Giai phuong trinh vi phan ta dugc:

L =2kt +—1 5
[A] [A,]

4.9)

Phuong trinh (4.9) duoc biéu dién trén do thi 12 mot duong
théng tao véi truc hoanh mot géc o c6 tgo = 2k, (hinh 4.4)

3.4. Phan tng bac 0

AEP

Tbc dd phan tng khong phu thudc vao néng do cua chit phan
ung.

Giai phuong trinh vi phan trén ta dugc:

[A] = —ky t+ [Ag]
(4.10)

Phuong trinh (4.10) duoc biéu dién trén dd thi 12 mot duong
théng tao v&i truc hoanh mot gée o c6 tgo = -k (hinh 4.5)

3.5. Phuong trinh toc d§ ciia phan ing enzym
Phuong trinh tdc d6 cta cdc phan Gmg nay c6 dang dic biét:

vz ke, [B] (5]
K, +IS]

Hinh 4.4. D6 thi phan (ng bac 3
dang3A-> P

tpo = -k

t

Hinh 4.5. Bé thi phan &ng bac 0

4.11)

Trong d6 [S] 12 ndng do chat phan tmg, [E], la ndng d6 enzym, Ky 1a hang sb. Trong cédc phan tng

enzym nguoi ta khong str dung khdi niém bac phan @mg vi chiing 1a nhimg phan @mg phirc tap (xem phan

8).

3.6. Phwong phap xac dinh béc va hiang s téc d ciia phéan ing

Bing thyc nghiém nguoi ta theo ddi su thay doi ndng do cdc chét phan ung theo thoi gian sau d6 xir
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1y céc s6 liéu theo hai phuong phdp.

3.6.1. Phwong phdp do thi

Xay du:ng db thi tuong ung v0i cdc phan (ng bac khac nhau. D6 thi nao cho dang duong thang thi
béc phan tng sé& 1a bac tuong Gmg v6i do thi d6 va trén do thi ¢6 thé xdc dinh duoc hang sé toc d6 cua

phan tng.

3.6.2. Phwong phdp thay thé

Thay thé cdc sd liéu thuc nghlem vao cic phuong trinh dong hoc cua cac phan ing c6 bac khéc
nhau. Két qua ta thu duoc mot so gid tri ciia hing s6 toc do. Néu céc gid tri nay t6 ra 1a hang dinh thi bac

phan ung s€ 1a bac tuong ung véi phuong trinh d6.
Vidu:

Phan ng phén huy H,O, theo phuong trinh:

2H202 = 2H20 + O2 bﬁng thuc nghi¢ém thu dugc cac $6 liéu sau:

Thei gian phan rng (min) 0 11,5 27,1 42,5
Néng d6 [H,0,] (mM) 23,89 19.30 14,50 10,55
k, theo (4.3) (min™") 1,86.1072 1,84.1072 1,92.1072
K, (4.6) (min~".mM~".]) 8,70.10™* 1,00.1078 1,20.1078
Hay x4c dinh bac va hang sb téc d6 ctia phan Gmg trén.
Giai: Xay dung dd thi In[H,0,] — t ta dugc mét duong théng R
In[H; O]

(hinh 4.6) vi v@y phan Ung la béc nhat. Tl tang cua géc tao boi
duong thang va tryc hoanh tinh dugc k.

Mit khdc néu lan luot thay cdc sd liéu & bang vao phuong
trinh:

o = L ERO:
t H,Q,]

Céc gid tri cua k; thu dugc ¢ bang trén cho thdy 12 hang dinh.
Vay phan tng phén huy H,O, 1a phan tmg béc nhat.

4. ANH HUONG CUA NHIET PQ PEN TOC PQ PHAN UNG

t

Hinh 4.6. Bé thi phan &ng bac 1
sw phén huy H,0,

Nghi€n clru anh huéng cua nhiét do dén toc dd phan mg cho phép tim hiéu ban chit cta nhiing
tuong tac hod hoc dong thoi tim dugc ché dd nhiét toi wu cho phan tng hod hoc.
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Nhiét d6 da anh hudng dén téc d6 phan tng theo nhitng cdch khéc nhau.

I
v + v + v v

a) iy c) d)
Hinh 4.7. Dwéng biéu dién cac dang khac nhau anh hwéng cua nhiét doé dén téc do phan (rng
Dang duong cong (4.7a) 1a pho bién ddi véi phan tmg hod hoc.
Dang duong cong (4.7b) thuong gép & nhiing phan u:ng c6 lién quan dén cédc hop chét sinh hoc nhu
cdc protein enzym.V6i cic protein ¢ trang théi ty nhi€n toc do tang theo nhiét do. Nhung khi dat dén

mdt nhiét d6 nao d6 ching bi bién tinh, mat hidu qua xiic tac va do d6 toc d phan tng giam.

Dang dudng cong (4.7¢) it gip. N6 xay ra trong trudng hop phan éng thuin nghich ma tdc d6 phan
ung nghich phy thuéc manh vao nhiét do.

Dang duong cong (4.7d) dac trung cho céc phan ung day chuyén. Tai mot nhiét d6 nhét dinh tdc do
phat trién mach cuc ky 16n, vi du su no.

Nhung néi chung téc d6 cua da sd phan ing hoa hoc ting 1én khi tang nhiét d6. Anh huéng nay tuan
theo mot s quy tac sau day:

4.1. Quy tic Van't Hoff (Van Hf')p)

" Khi nhi¢t dé cua phan ung tang lén 1 0% thi hang sé toc dg phdn img (ciing la toc do phan img)
tang lén tir 2 den 4 lan"

lchD
=Fme gy
LA

T
ke, 1ot hdng 6 toc dg & nhiét d T+10°
ky: hdng 56 toc dj ¢ nhiét dp T
Y : dwoc goi la hé 56 nhiét do cua phan vng

Trong trudng hop tong quat biéu thire ciia dinh luat Van’t Hoff ¢6 dang:

= S (4.12)
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Vidu:

Mot phan ng c6 hé s6 nhiét 6 y = 3. Hoi ting nhiét do 1én 400 thi téc do phan Ung tdng Ién bao
nhiéu lan.

Giai: Theo quy tic Van’t Hoff ta c6:

k
TH#10 _ 24 _ 5y
kep
4.2. Biéu thirc Arrehnius (Aréniux)

Anh huong cua nhi¢t do dén toc do phén tng dugc biéu thi mot céch chinh xdc hon va ap dung dugc
trong mot khoang nhiét d§ rong hon qua biu thirc Arrehnius:

E
Ik = - — +Bhayk = Ae BT (4.13)
ET
R: Hang s6 khi Iy tuéng cé gid tri bang 1,98 cal/mol. K
A: Hang s6 hay con goi la thira s trudc luy thira. Véi nhung chat phan ng c6 cAu tric don gian thi
A nhén nhiing gié tri twong ty nhau. Dbi v6i nhitng phan tng trong d6 chét phan tmg c6 cau tric phuc
tap, cong kénh vé mat khong gian hay phan mg & nhiing trung tdm hodc nhém chiic nhit dinh thi A

nhan nhitng gid tri khac nhau.

E: Hang so doi véi mét phan img xdc dinh, nghia I1a n6 phu thudc vao ban chét cua cdc chat phan
ung. E dugc goi 1a nang lugng hoat hod cua phan ung.

Tir biéu thirc Arrehnius ta thdy khi nhi¢t d6 tang tdc do phan tng ting. Mit khdc phan ng c6 ning
lugng hoat hod cang 16n s€ dien ra véi toc d cang nho.

4.3. Thuyét va cham hoat dong va ning lwong hoat hoa
4.3.1. Thuyét va cham

) Dé cdc nguyén tir hay phan tr ¢6 thé phan Umg dugc vdi nhau ching phai va cham vao nhau. Do d6
toc d phan rng s€ tang 1€n khi s6 va cham (hay tan s6 va cham) tang.

Thuyét va cham khong giai thich dugc sy khéc biét rat 16n giita két qua tinh todn 1y thuyét va céc két
qua thyc nghiém.

Vidu:

— Déi v6i phan img: 2HI — H, + 1,
khi [HI] = 1 mol/l thi sé va cham tinh duoc 12 6.1031 va cham/s.cm3 nhung thuc té s6 va cham dan dén
phén tng chi 1a 2.10'4, ¢6 nghia 12 ¢ 3.10'7 va cham m&i ¢6 1 va cham ¢6 hiéu qua.
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— Phan tng: Br+ H, — HBr + H
hang sb k, xdc dinh dugc bang thuc nghiém = 107> nhung qua tinh toan 1y thuyét thi k= 1,5.10!!
I/mol.s.

— Theo tinh todn khi nhiét d¢ tang 109 s6 va cham chi tang ~ 2% nghia la téq d6 chi c6 thé tang ~
2% nhung trong thyc t€ theo quy tac Van’t Hoff toc do phan Ung lai tang it nhat 1a 200%. Di€u nay
khong thé giai thich dugc néu chi dya vao s6 va cham don thuan.

4.3.2. Thuyét va cham hoat dgng (hay thuyét hoat hod) va ning luong hoat hod

Thuyét nay cho rang khong phai moi va cham, ma chi nhiing va cham cua cdc nguyén tr hay phan tu
hoat dong (goi 1a cdc va cham hoat dong) mdi dan dén phan ung.

Céc nguyén tir hay phan tr hoat dong 1a cic nguyén tir hay phan tir c6 mot nang luong du du 16n so
v6i nang luong trung binh cua ching.

Ndng liwong toi thiéu ma mét mol chdt phan vmg can phdi cé dé chuyén cdc phdn tir ciia chiing tir
trang thdi khong hoat dong tro thanh hoat dong goi la nang lwong hoat hod cua phan ung.

. k .
Nhu vy theo thuyét hoat hod phan tng: A + B — P c6 thé hinh dung nhu sau:

JEI
A+B > A*+B* =7 AB* > P

Céc phan tr A va B can phai duoc hoat hod thanh A* va B* khi d6 tao thanh hop chét trung gian
hoat dong AB* va cudi cung phan huy dé tao ra san pham P.

Nhu vdy dé c¢6 thé phan tmg dugc véi nhau phén tir cdc chit phan tng duong nhu phai vugt qua mot
hang rao ning luong. D6 chinh 1a ning luong hoat hod cua phan tmg (hinh 4.8). Néu ning lugng hoat
hod cang nho thi tdc do phan mg s& cang 16n. Vi vy khi xét kha ning phan tng ngudi ta thudng ding
dai lugng nay dé so sanh.

Mang lwong Ming lvong

A¥ + B*= AB* A%+ B*= AR*

Hinh 4.8. Dwong biéu dién bién déi nang lweng trong qua trinh phan ng
(a) Phan rng thu nhiét AH > 0; (b) Phan (rng toa nhietAH<0
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Theo thuyét hoat hod téc dé phan ung ty 16 thudn véi s6 va cham hoat dong cing la ty l¢ voi 56
nguyén twr hay phan tir hoat dong, nghia la néeu cé phan ung:

A+B —>P
thi v =k [A*].[B¥]

Goi: nang luong hoat hod phdn tur cua A va cua B twong ung la E, va Ep,.

n(fng do cua A va B twong ung la [A] va [B].
Theo dinh ludt phan bo Boltzman nong dg ciia cdc phan tir A va B ¢6 nang liwong E 4 hay Ep tic la
néng do cdc phdn tw hoat dong sé la:

H,
[A*]=[A ] e BT
By
[B*]=[B] e BT

_Ea
Tw do: v=k [A*][B¥]=Fk" e 8T [A][B]
So sdnh véi phwong trinh cua dinh ludt tdc dung khoi luong:

v=k[A] [B] ta co:

_Ea+Eg
E=k. e &

Goi E, + Ep = E la nang luong hoat hod cua phan ung ta dugc phwong trinh thuc nghi¢m cia
Arrehnius. O ddy k' chinh la hang sé A.

_Ea B
E=A e 5 hay Ink=-— +B (4.14)
RT

4.3.3. Xdc dinh nang lwong hoat hod cuia phdn wng

Béng thuc nghi¢m, xdc dinh hﬁng s6 tdc do cua phan ung ¢ it nhét hai nhiét d6 khdc nhau T, vaT,.
Khi d6 ta co:

Ink_= - — +Bva lnk_= - tir d6:
1 | 2 RTE
k
po BLL | S5 (4.15)
L-T, Ik

Vidu:
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Xéc dinh ning luong hoat hod ctia mot phan mg biét ring trong khoang nhiét d6 tir 17 dén 27%C
phan tng ¢ hé s6 nhiét do v = 2,8.

Giai: T, = 17+273 =290K
T, =27 + 273 = 300°K.

E - w 23031g 2.8 = 17850cal/ mol

Dé xdc dinh mot cich chinh xdc ning lwong hoat hod nguoi ta xdc dinh hang s6 téc d6 cua phan tmg

& mot s6 nhiét 46 khac nhau rdi xay dung dd thi Ink —% (hinh 4.9). Tir géc 1éch cua dudng thang véi

truc hoanh xac dinh duoc E.

Ink

E
tro. = —
B E

1
t

Hinh 4.9. Xac dinh nang lwgng hoat hoa bang phwong phap dé thi
5. ANH HUONG CUA XUC TAC PEN TOC PQ PHAN UNG
5.1. Mot s6 khai niém vé xiic tac

e Xuc tac la hién tugng lam tang téc do cua phan tg khi c6 mit nhitng chét ddc biét, goi 1a nhing
chét xidc tic, cdc chat nay sau khi tham gia vao phan tng dugc hoan trd lai vé lugng va chét.

Thuong xtc tdc dugce chia thanh 3 loai:
e Xiic tdc dong thé: Céc chat phan ing va chat xiic tic tao thanh mot pha dong nhat khi.

SO, + 0, 8% SO, dong pha khi
CH,COOC,H; + H,0 E. CH,COOH + C,H,OH dong pha l6ng

Trong xuc tac dong thé phan Gmg Xay ra trong toan bo thé tich ctia hé phan tng (trong khong gian ba
chiéu), toc d6 phan tng ty 18 thuan véi ndng do chit xic tac.

® Xiic tdc di thé: Cac chat phan ung va chit xdc tdc tao thanh mot hé dj thé (khong déng nhét).
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Vidu

H,0, M B L 2H,0 + 0, di thé 16ng — ran
C,H,+H, % C,H, dj thé khi — rén

Trong xc tic di thé phan ung dlen ra trén bé mit chit xdc tdc (trong khong gian hai chiéu). Toc do
phan g ty 18 thuan v&i bé mit chat xic tac.

® Xiic tdc enzym (xic tdc men)
Vidu:

CeH120 zvmazse ZC H.OH+ZC0,

Enzym 1a cédc chit xic tdc sinh hoc, c¢6 ban chat protein. Trong xuic tdc enzym céc chat phan ung
duogc goi 1a co chat. Phan tng gitta enzym va co chat dugc thyc hién ¢ trung tAm xidc tdc va tbc do phan
ung enzym con phu thudc vao ca nong do cua enzym.

5.2. Co ché va vai tro ciia xiic tac
Phan ng ¢6 xdc tic thudng dién ra qua nhidu giai doan trung gian (tao ra céc hop chét trung gian):
A+B - C+D
A+K — [AK]*
[AK]*+B — [ABK]*

[ABK]* — C+D+K

Toa do phan ting
Hinh 4.10. Bién déi nang lwong trong phan rng khong va cé mit xuc tac

http://tieulun.hopto.org



Vidu:

Phén tng thuy phan acetat ethyl c¢6 xtc tdc H* dién ra nhu sau:

0 0
/
CH; — C + H — CH; —C*
AN AN
0C,H; 0C,H;
OH
e
CH; — C* + H,0 — CHyCO0H + C,H;0"H,
N
0C,H;

+

C,H;0O'H, — C,H;OH + H

Trong xtc tdc di thé cic hop chét trung gian hinh thanh giira cdc nguyén tir trén bé mat xic tic va
céc chat phan tng.

Vidu:
Phan Ung hydro hoa hydrocarbon khong no c6 xuc tac Ni.

RCH=CH, H; RCH-CH, H.H RCH,-CH; H RCH,-CH,

Giai doan 1: Su hép phu céc chét phan Urng 1€n bé mat chat xdc tic.

Giai doan 2, 3: Hinh thanh hop chat trung gian va phan tmg trén bé mit xic tic.

Giai doan 4: Tao thanh san pham phan tng va tich ra khoi bé mat.

Trong xiic tic enzym thi gita chat phan tng (co chat) va enzym tao ra cic phirc ES.

Nhu vay sy c6 mit ciia chat xdc tdc 1am cho phan tng dién ra qua mét sé phan ung trung gian cé

nang luong hoat hod thip hon so véi phan tng khéng c6 xidc tic (hinh 4.10) va do d6 lam ting téc do
phan tng.

Phan wrng E (Kcal/mol)
khdéng xuc tac 30 - 45
xuc tac vo co 15-30
xuc tac enzym 8-12
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Vi du, phan tng phan huy hydro peroxyd néu khéng c6 xic tic thi ddi hoi mot nang lugng hoat hod
lIa 35396 Kcal/mol. Khi c6 xtc tac platin E = 24,02 Kcal/mol, con khi dugc xic tdc bang enzym catalase
chi can mot nang lugng hoat hoa 14 Kcal/mol.

5.3. Mot so dic diém cia xic tac

— Chét xiic tic khong gdy ra dugc phan mg hod hoc. Dleu nay c6 nghia 1a dbi voi nhimg phan tng
khong c6 kha ning xay ra vé mat nhiét dong hoc thi khong thé c6 chat xdc téc cho né.

— Chat xiic tdc khong 1am thay di cin bang cua phan ung ma chi [am cho can bang dat téi nhanh
hon, ciing c6 nghia la n6 khong lam thay dbi hiéu suit cua phan tng vi khi lam tang toc do phan tng
thuan bao nhiéu lan thi cling 1am tang tdc d6 phan tng nghich by nhiéu lan.

— Chét xiic tdc ¢6 tinh chon loc. M6t chit xudc tac thuong chi c6 thé xuc tdc cho mdt phan g hoac
mot loai phan tng nhat dinh. Tinh chon lgc thé hién didc biét rd doi voi cdc enzym vi vay ngudi ta
thudng ndi cac enzym c6 tinh dac hiéu cao.

C,HOH 25  CH,CHO
Aly0g, 10
C,H;OH == C,H,+H,0

— Mot lugng nho chit xiic tic ¢ the xtic tac cho mot lugng 16n chit phan tmg. S& di nhu vay 1a vi,
vé nguyén tic, xiic tic khong bi thay ddi sau phan tng.

6. CAN BANG HOA HQC
6.1. Phan ing thuan nghich — Hing s6 can bang
Phan ¢ng thuan nghich 12 phan tmg dién ra theo hai chiéu

k
A+E — C+D
ka2

Vidu:
CH,COOC,H; +H,0 = CH,COOH + C,H,OH
H,+1, = 2HI
Téc do phan tng thugn v, =k, [A] [B]

Tbe 36 phéan Gng nghich v 0= k2 [C] [D]
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T, =V

n

Trang théi cén bang

t
Hinh 4.11. Sy phu thuéc cua téc dé phan ng thuan nghich vao thi gian

Trong qué trinh phan tng, tbc d6 phan tmg thuan giam dan con téc d6 phan tng nghich ting dan.
Khi v, = v ngudi ta n6i phan img dat t6i trang thdi can bang:

k,[A]' [B]' =k, [C]' [D]
Tur d6 rit ra:

[C] [D]

k, [A]'[B]

(4.16)

Nhu vay K 1a ty s giira tich so nong dd cdc chat san pham phan tng va tich sb ndng d6 céc chit
tham gia phan tmg né dwoc goi 1a hing s6 cAn bang ctia phan tmg.

K 1a dai lugng dac trung cho mét can bang, K c6 gid tri cang 16n ching t6 cin bing chuyén nhiéu
hon theo chiéu thuan.

Vidu:
0 410°C hang sb cin bang cua phan tng:
H, + 1, = 2HI K-=438

Hoi khi tron 1 mol H, véi 1 mol I, trong binh ¢6 dung tich 1 lit thi ndng do lic cin bang cua céc
chat trong binh 13 bao nhiéu?

Nong d6 ban dau: 1 1

Nong d6 ldc can bang: 1-x 1—x 2x
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SO )

ELILL] (- x?

Giai phuong trinh ta dugc:  x = [H,] = [1,] = 0,766 mol/l
[HI] = 2x = 1,552 mol/l
Ky hi¢u: K- khi hing sb can bang duoc biéu thi qua ndng do6 céc chat.

Kp khi hang s6 cin bang dugc biu thi qua dp suat riéng cua cdc chat khi.

Khids: g - ic-irg (4.17)
A -TH

Trong d6 P'y, P'y, P' P’y 12 dp suat lic can bang cua A, B, C, D trong hé.
Déi voi phan img khi thi gitta K va Kp ¢6 moi lién h¢ nhu sau:

Kp =Ko RT)A? (4.18)
Trong d6: R 12 hing s6 khi bang 0,082 lit at/mol.K

T 1a nhiét do tuyét dbi

An = X s6 mol san pham — X s6 mol chat tham gia

Dbi voi can bang dj thé thi pha ngung tu s& khéng c6 mit trong biéu thirc vi du cin bang sau déy:

C(r) + H,0O(h) == CO(k) + H,(k)

COH P T
C=—[ 5] hay K = =L

6.2. Nguyén Iy chuyén dich can bang (Le Chatelier — Lo Satolié)

"Khi mot frong nhitng diéu kién ton tai ciia can bdng nhu: né‘ng do, nhiét do, dp sudt bi thay doi thi
cdn bang sé chuyén dich theo chiéu chong lai tdc dung thay doi do".

Vidu l:

FeCl; +3KSCN = Fe(SCN); + 3KCl

vang nhat doé dam
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. Khi can bﬁng da duogc thiét lap péu ta thém vao hé mot it tinh thé I§Cl s€ nhan théy mau nhat di.
Di€u d6 ching t6 cin bang da chuyén dich theo chi€u nghich tirc la chi€u 1am giam bst nong do KCl.
Nguoc lai mau do sé dam I€n néu ta thém KSCN hay FeCl,, chung t6 cin bang da chuyén dich theo
chiéu thuén dé 1am giam ndng do cdc chat thém vao.

Vidu 2:
N,+3H, = 2NH, AH<0

Phan mg theo chiéu thuan 1am cho hé nong 1€n do tao ra nhiét ddng thoi lam giam ap suét do tao ra
it s6 phén ta hon va nguoc lai. Vi vy néu ta tang ap sudt cua hé vi du bang cach nén thi can bang s&
phai chuyén dich theo chiéu thuan. Két qua twong ty nhu vay khi ta lam lanh hé phan ung.

Trong téng hgp amoniac, dé ting hiéu suit cua phan ng ngu’0’1 ta thuong thyc hién & ap suét rat
cao, tuy nhién khong the ha nhiét 46 qué thip vi diéu nay lai 1am giam téc do va do d6 1am giam ning
suét cia qud trinh san XUAt.

7. CAC PHAN UNG PHUC TAP

_Céc phan tng phuc tap la cdc phan ng dién ra qua nhiéu giai doan hay gém nhiéu phan tng thanh
phan.

7.1. Phan tng thuian nghich
Go6m hai phan Gmg thanh phan: phan ¢ng thuan va phan tng nghich.
A — B thuan nghich bac nhét.

A+B — C+D thuan nghich bac hai.

Téc d6 ciia phan tng thuan nghich:

V:Vt—Vn

Khi v, = v phan ing thuan nghich dat téi trang théi can béng.
O trang théi cin bang ndng d6 céc chit khong thay dbi

dIB]
dt

=0

7.2. Phan @ng ndi tiép
Phén tng dién ra theo nhitng giai doan ndi tiép nhau.
k1 _ k
43B3C
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| Nang dit

4] (B

Hinh 4.12. Sy phu thudc ctia ndng doé cac chat trong phan trng néi tiép vao thoi gian
Vidu:

Phan tng thuy phan trisacarid C;¢H;,0,
CygH3,0,6 + H,0 = C,H,,0,, + CcH ;00
CpHp04 +Hy0 = CH 1,00 + CH )04
glucose fructose

Téc do cua phan tng ndi tiép 1a téc do cua phan g nao cham nhit trong céc phan ng thanh phan
Trong phan tng noi tiép s& c6 mot thoi diém nong do cua chat trung gian khong thay doi khi ma toc do
tao ra né bang toc d6 chuyén hod né. Trang thdi d6 duoc goi 1a trang thdi dimg.

? = 0 khi k,[A] = &, [B]
L

7.3. Phan tng diy chuyén

Phan tng ddy chuyén c6 lién quan dén sy xuat hién cdc gc tu do. Vi vdy nguoi ta con goi 1a phan
ung goc tu do.

Vidu I:

Phan img  H, + Cl, — 2HCI
Cl, +hv — 2CI°
Cl*+H, » HCl+H®

H® + Cl, — HCl+ clr° ...
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D6 1a dang phan tmg diy chuyén khéng phan nhénh.
Vidu 2:
Phantng H,+ 0, - H,0

H,O
e _TH

O {
H, + O, { . T0O, jr

+D/,f'
N

H,O
\O[—I‘—JF_HE<'H. 10, +Hy /
Giai doan khoi mao Giai doan phat trién m;_n:h
D6 1a phan tung day chuyén phan nhanh.
Mot phan g gde tu do thuong cé ba giai doan: khoi mao, phdt trién mach, ngit mach hay dap tt.
Giai doan ngit mach 1a két qua phan tng gitta cic gbc tu do.

Vidu:

OH®* + H° - H,0

7.4. Phan ing song song

Tu nhung chat ban dau phan tng dién ra theo mot s6 huéng dé tao ra B
nhitng san pham khac nhau.

Vidu:

Khi nitro hod phenol ta thu dugc dong thoi ba san pham khéc nhau: ortho-, A e
meta- va para- nitrophenol. k,

Toc do cuia phan ing song song:
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d[B d[C
= Bl o= 35
dt t
Ty da: @=£ha§r@=ﬁ
ac] kIl K

Nhu vay trong phan tng song song nong d6 cdc san pham phan ung ty 1¢ v6i hang s6 toc do ciia cac
phan tng thanh phan.

7.5. Phan tng lién hop hay phan iwng kem nhau
A+B—>C+D (1) Phantng ty xay ra dugc (AG <0)
E+F—>G+H (2) Phanungkhong tu xdy ra dugc (AG > 0)

Phan mg (1) dugc goi 12 lién hop voi phan tmg (2) néu nhu khi xay ra né c6 thé kéo theo phan tng
(2) 1a phan rng khong thé ty xay ra.

Vidu:
Sy tong hop glucose-6-phosphat trong co thé duoc thyc hién do lién hop giita hai phan Gng:
arginin phosphat + H,O — arginin + H;PO, tu xay ra
glucose + H,PO, — glucose-6-phosphat + H,O
Phan tng tong cong la:
arginin phosphat + glucose — glucose—6—phosphat + arginin
8. PHAN UNG XUC TAC ENZYM
8.1. Phwong trinh dgng hoc ctia phan wng enzym

Mot phan (mg enzym don gian cing gom it nhat 2 giai doan nhu sau:

Iz, I
S+E ?1 ES 3 P+E
-1

Giai doan thuan nghich dién ra nhanh tao ra ES, con giai doan phan huy ES dién ra cham.
Trong d6:  S: Chdt phan iing hay con goi la co chat.
E: Enzym.

ES: Sdan phdm trung gian hay con goi la phirc enzym— co chdt.
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P: San phdm phadn img.

k, sk 3k, la cdc hang sé toc dj twong vmg.
Nhu vdy phan Gmg enzym 12 mot phan tmg phirc tap (thuan nghich va ndi tiép).
Phuong trinh dong hoc c6 dang:
= VB (4.19)
K, +[5]
[S]: N(fng do co chat.

V: Toc do cuc dai cua phan vng enzym.

Ky Hang s6 déc trung cho kha nang phdn img gitta enzym

va co chat con duoc goi la hang sé Michaelis (Mikelix).

_ k tk,
k

+1

K
Theo co ché trén thi giai dogn phdn huy phirc chat ES la giai doan chdm vi vdy toc dé ciia phan img
enzym dwoc quyét dinh boi giai doan nay:

V = ky[ES]

Ap dung trang thdi dimg ta cé thé tinh dwoc nong do cia ES nhir sau:
Tai trang thdi dirng toc dd hinh thanh ES sé bang toc do phan huy nd, nghia la:

ko [EJ[S] = k_;[ES] + k,[ES]
Thay [E] = [EO] — [ES], trong do [EO] la néng dé ban dau ciia enzym
tie do ta co:

ke, [ByI[S]

E&] =
HBs] k +k, +k,

Chia ca twr va mau so cho k+1 ta co:

P - I |-

k—l +k2 + 8] KM + [&]
k

+1
Va toc do cua phan vung:

http://tieulun.hopto.org



o prms) lBollS]

K, + [S]

Toc do phan ung dat dwoc cuc dai 'V khi toan bo enzym chuyén thanh phirc ES tuc la khi [ES] =
[E,]

Thay V = kZ[ES] = kz[Eo] ta co phuong trinh (4.19)
D6 thi biéu dién su phu thudc tdc do phan tng vao ndng do co chat cho & hinh 4.13.

Tir phuong trinh toc d6 va do thi cho thay phan trng xuc tac enzym khong tuong Ung véi mot phan
ung bac don gian nao. Tuy nhién trong nhirng di€u ki¢n gidi han thi né c6 bac xac dinh.

AT
Ve | B
k _
O Ry ]

Hinh 4.13. Dd thi sy phu thudc cua téc dd phan trng enzym vao ndng dé co’ chat
Khi [S] >> Ky, thiv=V tbc d6 phan tung khong phu thudc vao [S] va khi d6 phan tng 1a bac 0
(doan BC).

Khi [8] <= Ky thiv= “;_M [S]

Téc dé phan ung ty 1¢ thudn voi [S] va khi do phan vng la bdc mot (doan OA)

Trén duwong cong thuc nghiém (hinh 4.14) co thé xdc dinh dwoc gid tri cua K I bo la hdng 56 dac

trung cho moi enzym. Néu coi:

katk  ky
k

+1 +1

Ky

thi K, chinh la hang sé can bang cua phdan img ES —E + S

Nhu vay, enzym nao cd K, cang lon thi phirc ES cang khong bén hay nhw nguoi ta thuong ndi di

luc cua enzym do doi voi co chat cang nho.

9. XAC PINH CO CHE CUA PHAN UNG
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D6 1a mdt trong nhitng nhiém vu rat quan trong cua dong hoa hoc.
Pé xdc dinh co ché cta phan Gmg phai tién hanh mot s6 bude sau day:
e Tap hop cac dir kién thyc nghiém g@)m:

— Xéc dinh céc chit tham gia va san pham phan Gng.

— Xdc dinh cdc chit trung gian bang thuc nghiém hoic gia thiét.

— Lap phuong trinh thuc nghiém toc d6 cta phan tng.
e Gia thiét mot co ché don gian va hop 1y nhét.
e Duya trén co ché gia thiét tinh phuong trinh tdc d6 ctia phan tmg.

® So sdnh phuong trinh tinh toén ly thuyét v6i phuong trinh thuc nghiém dé xdc dinh xem co ché
gia thiét c6 phu hgp khong.

Vidu:

Xdc dinh co ché phan iimg:
2NO +2H, —» N, + 2H,0

San pham trung gian ciia phan tmg la N,0, va H,0,

Thye nghiém da xdc dinh dwoc téc do phan img ( v,,) tudn theo phwong trinh sau:
Vin=k[NOT*[H,]

Phan itng dweoc gid thiét theo co ché ba giai doan nhir sau:
2NO = N,0, (1) can bang dwoc thiét ldp nhanh

N,O, +H, 5 N, +H,0, (2) giai dogn chdm nhdt

H202 +H, - 2H20 (3) giai doan nhanh

Hop chat trung gian hoat dong R duoc tao ra & phan vmg (1) va (2) nhung bién mat ¢ phan ung
(3).

Gid thiét can bang (1) ¢ hang s6 can bang K. Ta ¢6:

_ [N,G,]

olh

K’ Tir dé:[N,0,] = K'[NG]? (4.20)
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Theo co ché gid thiét dé, toc do phdn vmg:
v =K, [N,0,] [H,]

Thay gid tri cua [ N,O,] tir (4.20) vao phuong trinh toc do trén ta dwoc:
v =k,. K’[NOJ? [H,]

Thay k,. K’ = k ta co:
v =k[NOJ’[H,]

Phurong trinh téc dé riit ra tir tinh todn 1y thuyét (v) tring véi phirong trinh thu dwoc tir thie nghiém

(Vi)

Vivdy co ché da gia thiét la diing.

CAU HOI TU LUONG GIA
4.1. Téc d6 trung binh, tdc do tic thoi cia mot phan tmg duge tinh nhu thé nao?
4.2. Thé nao 1a phan tmg don gian, phan tng phtc tap. Cho céc vi du.

4.3. Néng d6 cdc chat phan tng anh huong dén tdc d6 phan tmg nhu thé nao? Phat biéu va
viét bicu thurc dinh luét tic dung khoi luong. Béac phan tng la gi?

4.4. Phan biét bac phan (mg va phan tir s6 ctia phan Gmg.

4.5. Thiét 18p phuong trinh dong hoc cta phan Gng bac 0, bac 1, bac 2 (dang 2A — P). Cho
biét dang do thi cua ching.

4.6. Mot phan (g bac 1 ¢6 hing s6 téc do k,= 8.10 min~'. Héi sau thdi gian bao lau
nong d6 ban dau cua chit phan ing giam di 4 lan.

4.7. Mot phan (g bac 1 dang A — B. Nong do ban dau cua A bang 0,5 mM. Sau 2 gidy
con lai 0,25 mM. Hoi sau 3 gidy nong d6 cua A 1a bao nhiéu?

4.8. Mot phan g béc 1, & nhiét d 27°C ndng dd ban dau giam 1/2 sau 5000 gidy, con &
nhiét d¢ 37°C ndng do ban dau giam 1/2 sau 1000 gidy. Tinh nang lugng hoat hod cua phan

ung.

4.9. Cho phan tng: H, + I, — 2HL Viét biéu thuc tbc dd phan tng va cho biét bac phan
{mg. Biét ring:

Néu ting ndng d6 hydro 1én gip d6i, giit nguyén ndng do iod thi téc d6 phan ng ting
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1én gap doi.

Néu tang ndng do iod 1én gap ba, giit nguyén ndng do hydro thi téc do phan tng ting
1én gap ba.

4.10. Phan tmg 2NO + O, — 2NO,, la mdt phan tmg don gian. Toc do phan (g thay doi
nhu thé ndo khi:

Ting noéng do 0, 1én4 lan
Ting ndng d6 NO va O, 1én 3 lan.

Giam ndng d6 NO 2 lan.

4.11. Nhiét d6 anh huong nhu thé ndo dén tdc do phan tng, thé hién qua biéu thic va quy
tic nao?

4.12. Mot phan (g c6 hé s6 nhiét do v = 3,1. Hoi khi ting nhiét do thém 40° toc d phan
ung tang 1€n bao nhiéu 1an?

4.13. Hé s6 nhiét do cia mot phan tng bang 3. Héi can phai ting nhiét d6 1én bao nhiéu do
deé toc do phan ung tang 1€n 243 lan?

4.14. Mot phan tmg c6 hé s6 nhiét d6 bang 2. O 0°C phan tng két thic sau 1024 ngay. Hoi
0 30°C phan rng két thic sau thoi gian bao 1au?

4.15. Trinh bay noi dung co ban cta thuyét hoat hod. Nang luong hoat hod cia mot phan
ung la gi?

4.16. Hing s6 toc do phan g ¢ 20°C 12 3.1072 va & 50°C 1a 4.107! litmol~".min~!. Viét
biéu thirc Arrhenius d6i véi phan Gng nay.

4.17. M6t phan (mg c6 nang lugng hoat hod 30.000 calo/mol. Tbc d6 phan tng sé& ting 1én
bao nhiéu lan khi tang nhiét do tir 20°C 1én 30°C.

4.18. O nhiét d6 10°C mot phan tng két thic sau 95 gidy con ¢ 20°C sau 60 gidy. Tinh ning
lugng hoat hod cua phan tng.

4.19. Tai sao su c¢6 mat cta chat xic téc lai 1am ting toc do phan ung? V& va giai thich gian
d6 ning luong ctia phan Gmg khi ¢6 va khong c6 mat chét xiic tac.

4.20. Hay néu mot s6 dac diém cua xuc tac.

4.21.7H§ng s6 can bang cua mot phan tng 1a gi? Hiy phdt biéu va minh hoa nguyén ly
chuyén dich can bang qua cac vi du.

4.22. Céc can bang sau ddy chuyén dich thé nao khi ting nhiét do, khi ting dp sut:
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a) N+ O, — 2NO AH>0

b)2CO+2H, = CH,+CO, AH<O0
¢)Ca0+CO, = CaCO, AH <0
dH, +1, — 2HI AH=0
e) N,0O, = 2NO, AH >0

4.23. Thé nao la phan tng thuén nghich, phan tmg ndi tiép? Cho vi du. Phan biét trang thdi
can bang va trang thai dung.

4.24. Cho vi du vé phan ung diy chuyén. Nhiing giai doan co ban cta mét phan tng day
chuyén.

4.25. Tu phuong trinh téc d6 clia phan tmg enzym hdy giai thich dang dd thi v—[S] thuong
nhan dugc doi véi phan tng xuc tac enzym.

Bai 5
PAI CUONG VE DUNG DICH
MUC TIEU
1. Pinh nghia diing va tinh todn dwoc nhitng loai néng do khdc nhau sw dung trong hod hoc.

2. Mb td hién twong tham thdu va gidi thich dwoc biéu thire cia dinh ludt Van’t Hoff vé dp sudt
tham thau.

3. So sdnh va gidi thich dwoc sy khdc nhau vé nhiét dé soi, nhiét do dong dac cua dung dich va
cua dung moi.

4. Néu lén duoc nhitng ung dung cua viéc do dp sudt tham thau, dé tang nhiét do soi, do ha
nhiét do dong ddac cua dung dich trong viéc xdc dinh khoi lwong mol cua cdc chat.

MO DAU
Cac hé phan tan va dung dich

He¢ phén tn 1a nhitng hé trong d6 c6 it nhat mot chat phan bd (goi 1 chat phéan tdn) vao mot chat
khéc (goi 1a moi truong phan tdn) dudi dang nhitng hat c¢6 kich thudc nhoé bé.

Dura vao kich thude hat nguoi ta chia thanh:
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— H¢ phén tdn phén tir-ion hay con goi 12 dung dich thuc. Vi du, dung dich mudi acid, base... Kich
thudc hat ¢ day < 1 nm.

— H¢ phén tdn keo hay con goi 1a dung dich keo. Vi duy, gelatin, hd tinh bot, keo acid silicic... ¢6
kich thudc hat tir 1- 100 nm.

— H¢ phén tdn thé c6 2 dang 12 huyén phil va nhil twong. Vi du, nudc séng chira nhirng hat phit sa;
stra... Kich thudc hat cua nhitng hé nay > 100 nm.

Trong chuong nay chiing ta dé cap dén dung dich phan tir va nhiing tinh chat chung cuia ching.
1. PINH NGHIA VA PHAN LOAI DUNG DICH

Dung dich la mét hé dong nhit ciia hai hay nhiéu chét cé ty 1é khdc nhau thay doi trong mét
pham vi rgng.

Tir dinh nghia d6 c6 thé cé:
— Dung dich ran. Vi du, cic hop kim.
— Dung dich khi. Vi dy, khong khi.

— Dung dich loéng. Vi dy, dung dich cta cdc chat rén (dwong, NaCl...) khi (O,, NH,...) léng
(C,HsOH, benzen...) trong nudc.

Cic nha hod hoc va sinh hoc thudng tiép xdc véi cac dung dich 10ng ma chét 1ong & ddy thudng 1a
nudc. Trong céc dung dich nay nude la moi truong phan tén duge goi la dung mdi, cdc chat phan tén goi
la c4c chat tan.

Theo ban chit cua chat tan nguoi ta phan chia thanh:

— Dung dich khong dién ly: Chét tan ¢6 mat trong dung dich dudi dang phan tu. Vi du dung dich
duong, CZHSOH, O2 trong nudc.

— Dung dich dién ly: Trong dung dich c6 mit ca phan tir va ion. Vi du dung dich cta cdc muébi, acid,
base... trong nudc.

2. NONG PQ DUNG DICH
Néng dd dung dich la dai lugng biéu thi luong chét tan trong dung dich.
C6 mot sb cach biéu thi néng d6 tuy thudc vao muc dich sur dung.

2.1. Nong d¢ phan tram. Ky hiéu %
No6ng d6 phan trim biéu thi bang sé gam chat tan trong 100g dung dich.

Vidu:
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Dung dich huyét thanh ngot 1a dung dich glucose 5% (5g glucose hoa tan trong 95g nudc).
2.2. Nong do mol hay mol/lit. Ky hi¢u M hay Cum

Nong d6 mol dugc biéu thi bang s6 mol chit tan trong 1 lit dung dich.
Vidu:

Dung dich NaOH 0,1M la dung dich ¢6 4g NaOH trong 1 lit dung dich. Mudn c6 dung dich nay
ngudi ta phai can chinh xdc 4g NaOH va thém nudc dén thé tich cudi cling 1a 1 lit.

2.3. Nong d¢ dwong lugng. Ky hi¢u N hay Cy

Nong d6 duong luong duoc biéu thi bang s6 dwong lwong gam chét tan trong 1 1it dung dich.

Duong luwong gam cua mot chat la lwong chdt dé tinh bang gam khi phdn img twong dwong (két hop
hay thay thé) 1 mol nguyén tw hidro (1,008g).

Puong luong gam ctia mot chit phy thudce vao phan img ma né tham gia vao.
2.3.1. Puong lwong gam ciia don chit
Vidu I:

Trong phan tng:

Hg+%og—}Hgo

16 g oxy két hop vdi 2 mol nguyén tir hydro. Vay dwong lugng gam ciia oxy (Eo ) lﬁg =8g.
2

Vidu 2:
Trong phan tng:
Mg +2HCI — H, + MgCl,
x 24
24g Mg da thay thé 2 mol nguyén tir hydro. Vay EMg =5 = 12 g.

Nhu vay: Puong luong gam cua mot don chat bang khéi luong mol nguyén tir ciia né chia cho hod
tri.

Lueu ¥: d6i v6i nhirng nguyén t6 ¢6 nhiéu hod tri thi duong lugng gam cta né c¢6 thé khic nhau.

Vidu:
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Trong cac phan ung sau day:

Fe+ 20y = FeO B, = 208
2 2
Fe + goﬁFegog By, = %

2.3.2. Pwong lwgng gam ciia hop chit tham gia phdn iing trao déi
Vidu I:
Trong phan tng:

NaOH + HCI — NaCl + H,0

40g NaOH phan tng tuong duong véi mot mol HCI (36,5g) tic 1a twong duong véi mot mol nguyén
ta hydro. Vi vy By, oy = 40g/1 va By = 36,5g/1.

Vidu 2:
Trong phan tng:
3NaOH + H,PO, = Na;PO, + 3H,0

m(f)tqmol HéPO4 khi phan Ung tuong duong voi 3 mol nguyén tir hydro (dua ra 3 mol nguyén tu
hydro dé trao doi). Vi vay:

Mo 98z | i1
EH3P04 :?:? va Ey.on :T:4Dg

con trong phan ng:
2NaOH + H;PO, — Na,HPO, + 2H,0
1 mol H;PO, khi phan tng twong duong v6i1 2 mol nguyén tir hydro:

it

Enpo, = 5

Nhu vdy: Duong luong gam cua mot chat trong phan ung trao q}’o;i bang khoi lwong mol phdn tir
chia cho so dién tich dwong hay dm ma mot phdn tir chat do da trao doi.

2.3.3. Pwong lwong gam ciia hop chit tham gia phdn irng oxy hod — khir

Vidu I:
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Trong phan tng:
2KMnO, + 10FeSO, + 8H,S0, — 2MnSO, + 5Fe,(S0,); + K,SO, + 8H,0
Mot mol KMnO, nhén 5 mol electron (twong dwong v6i 5 mol nguyén tir hydro).

~ A M M
Vi vay: Emnq = ? Twong ty EFESO4 = T

Nhu vay: Duong luong gam cua mot chat trong phdn img oxy — hod khir bang khoi lwong mol phan
tir chia cho sé electron ma mot phan tir chdt dé cho hodc nhdn.

Vidy 2:

Tinh duong lugng gam cua acid oxalic trong cdc phan ing sau ddy va cho biét mubn pha duoc dung
dich 0,1 N cua acid nay can phai tién hanh nhu thé nao?

H,C,0, + 2NaOH —  Na,C,0, +2H,0 (1)
5H,C,0, + 2KMnO, + 3H,S0, — 10CO, +2MnSO, + K,SO, + 8H,0 (2)
Giai: Trong phan ung (1) H,C,0, trao ddi 2 dién tich duong (2H™) hay 2 dién tich Am (C,0 42_). Vi
vay:
EH2C204 - %
Trong phan ng (2) mét phéan tr H,C,0, cho di 2e (2CH- 2C™). Vi vay duong lugng gam cua
H,C,0, trong phan img nay clng bang % .
Mu6n pha dung dich H,C,0, 0,IN ta phai can chinh x4c 4,5¢ H,C,0, va thém nuéc dén thé tich 1
lit.
Nong d6 duong luong gam dugc sir dung rong rii trong hod hoc, dic biét trong hod hoc phan tich.

Tir dinh nghia vé du:orng luong gam c6 thé suy ra rang khi hai chét phan tmg vira dii v6i nhau thi s6
duong luong gam di phan tng cta chit nay ding bang sé duong lwong gam di phan tng cia chat kia.

Vidu 3:

Néu V A lit dung dich chat A néng do N A Phan Umg vira du véi Vi lit dung dich chat B ¢6 nong do
Ng. Khi d6 ta co:

http://tieulun.hopto.org



D6 12 biéu thire cua dinh luat duong lu:orng “Cdc chdt hod hoc (don chit hay hop chit) phdn ing
v6i nhau theo ciing sé dwong lwong gam” dugc sir dung trong hod hoc phan tich dé xdc dinh nong do
ctia chit tan trong dung dich.

2.4. Nong d$ molan. Ky hi¢u m hay C_

Nong d6 molan biéu thi s6 mol chét tan trong 1000g dung méi.

Vi du: Dung dich glucose 0,5 m 12 dung dich gdm 90g glucose trong 1000g nudc.
2.5. Nong dé phan mol hay nong do mol riéng phin

Nong do phan mol ctia mot chat i ndo d6 duoc tinh bang ty s6 s6 mol cua chat d6 va tong s6 sb mol
clia tat ca cdc chit tao nén dung dich:

N Nong d phan mol cua chdt i.
n; S6 mol chat i
Yng Téng s6 mol ciia cdc chat tao nén dung dich.

3. AP SUAT THAM THAU CUA DUNG DICH
3.1. Hién twong tham thiu
Hai nhdnh A va B ctia mot 6ng hinh chit U duoc ngdn céch bang mot mang thim thau tirc 1a mang

¢6 kich thudc céc 15 chi cho céc phan tir dung moi di qua con céc tiéu phéan chat tan bj giit lai (hinh 5.1).

Dung dich
dudng

Nufe nguyén chit

Hinh 5.1. Mé hinh thi nghiém vé hién twong tham thau

Bén nhanh A chira mét dung dich dudong bén nhanh B chira nudce nguyen chat (hay mot dung dich
duong c6 ndng d6 nhé hon ndng d6 dung dich & nhanh A). Sau mot thoi gian nhat dinh, nhan thdy muc
chat long trong nhdanh A néng 1€n mot d6 cao h nao do, con muyc chat long trong nhanh B bi ha thap
xudng. Diéu d6 chimg t6 da c6 nhimg phan tir dung mdi tir nhanh B chuyén sang nhdnh A.

http://tieulun.hopto.org



Hién tuong cédc phén tor dung moi khuyégh tan mot chidu qua mang thAm thiu tir dung méi sang
dung dich (hogc tir dung dich ¢6 ndng do thap sang dung dich ¢6 nong d§ cao hon) duge goi la hi¢n
twong tham thau.

3.2. Ap suit thAm thiu - Dinh luit Van't Hoff (Van Hop —1887 Ha Lan)

Ap sudt tham thau 1 dp sudt gdy nén béi hién tuwong tham thau. Vé do 16n n6 ¢6 gid tri bang ap sudt
gy nén boi cot nude c¢6 chiéu cao h trong thi nghiém trén hoic bang dp sut can dit 1én dung dich dé
lam nging hién twong tham thau.

Ap suét thAm thau (thuong ky hi¢u 7) phu thudc vao néng dd va nhiét do cua dung dich theo dinh
Iuat Van’t Hoff:

Ap sudt tham thau ciia mot dung dich ty l¢ thudgn voi néng do va nhiét do cua dung dich.
n=R.C.T
R: Hang s6 khi Iy tuéng, bang 0,082 lit.at/mol.K.
C: Nong do mol/lit cia dung dich.
T: Nhiét do tuyét doi cuia dung dich.

Hi¢n tuong tham thau cé y nghia sinh hoc rat quan trong vi mang cua cdc t€ bao la cic mang tham
thau.

— Nho ¢6 hién tugng tham thau nudc dugc van chuyén tir ré ciy 1€n ngon.

— Dich trong hdng cau c6 dp sudt tham thdu 7,4 — 7,5 at. Vi vay dé tranh hién tuong v& hodc teo
hong cau nguoi ta thuong s dung nhimg dung dich dang truong (c6 dp sudt thim thau bang 4p suat
thAm thAu ctia mau) dé dua vao co thé.

Dya vao dinh ludt Van’t Hoff nguoi ta c6 thé x4c dinh dugc khdi lugng mol phan tir ciia mot chat
bang céch do dp suit tham thiu.

Vidu:

Xéc dinh khdi lugng mol phén tir cia hemoglobin biét rang dung dich 80g hemoglobin/lit ¢6 p suét
thim théu 0,026 at, & 4°C.

Giai: goi M, la khéi lwong mol phén tir ciia hemoglobin ta c6:

1=R.C.T=0,084 IfI_D d77T=0,046

A

Tu do M, = 70.000g
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4. NHIET PO SOI VA NHIET PQ PONG PAC CUA DUNG DICH
4.1. Ap suit hoi ciia dung dich

Ap sudt hoi ctia mot chét 16ng 1a dp sudt gdy nén boi nhitng phén tir cia né trén mit thodng ctia chit
16ng.

. Ap suit hoi bio hoa 12 4p sudt tao ra trén mat thodng khi qué trinh bay hoi dat toi trang thdi can
bang.

Ap suit hoi tang khi ting nhiét do ctia chat 16ng.

O ciing mot nhiét do, dp sudt hoi hay dp sudt hoi bio hoa cua dung dich 1udn lu6n nho hon dp suét
cua dung mdi nguyén chat do trén mat thodng ctiia dung dich c6 céc ti€u phan chat tan 4n ngtr (hinh 5.2).

latm

& o
a a o

o o
a ° o 0 o
gooocoooOD o (el sl Nel Mol Wl
o o o o o o & o° 0
oo o o o LA H
o o o oo o % g o0 O t—ﬁTd ﬂ'.Tg_"
o o o0 0 * L og' o0 { !
Dung méi Dung dich

B B dl T, 0° 100° T,

Hinh 5.2. Sw phu thudc cta ap suat hoi bao hoa ciia dung méi va dung dich vao nhiét do
4.2. Nhiét do soi cia dung dich
Mot chét long soi khi dp suat hoi bédo hoa cua n6 bang 4p sudt khi quyen Vi dy, nude s6i ¢ 100°C vi
& nhiét d6 nay 4p suat hoi ciia né bang dp suat 1 atm. Trong khi d6 dé dat dugc dp suat 1 atm can phai
tang nhiét do ctia dung dich hon 100°C.
Toém lai: Mot dung dich sé soi o nhiét do cao hon nhiét do soi cua dung maoi. Néng do dung dich

cang 1on thi nhiét do s6i cuia né cang cao. Hi€u nhi¢t do s6i cua dung dich va dung méi dugc goi la do
tang diem soi cua dung dich, ky hiéu ATS.

4.3. Nhiét do dong dac ctia dung dich
Mot chat long s& dong dac ¢ nhiét do tai d6 ap suét hoi bao hoa trén pha long béng ap suat hoi bio
hoa trén pha ran. Trén hinh (5.2) duong biéu dién bién ddi ap suit hoi bdo hoa trén pha ran (doan OA)

cat dudng dp suat hoi trén dung dich & diém twong tng véi nhiét d6 thap hon 0°C.

Toém lai: Mot dung dich sé dong dac o nhiét do ;hdp hon nhiét do dong dac cua dung moi. Néng do
dung dich cang 16n thi nhi¢t d6 dong ctia né cang thap.
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Hi¢u nhiét do dong cua dung mdi va dung dich duoc goi la do ha diém dong cua dung dich, ky hi¢u

AT,

4.4. Dinh luat Raoult (Raun. 1886 — Phap)

D ting diém séi hay d¢ ha diém dong dic ciia dung dich ty 1¢ thudn vdi nong dp molan ciia dung

dich.

T =k.C

m

k, va k4 tuong ing dugc goi la hang s nghiém s6i va hang s nghiém dong dic cta dung méi. N6 1a

nhitng dai lugng dac trung ddi véi mot dung moi nhét dinh.

BANG 5.1. NHIET DO SOI VA NHIET PO PONG CUA MOT SO DUNG MOI

Dung moi Tsoc T,0C Kg
H,O 100 0,52 0 1,86
CgHg 80 2,57 5,5 5,12
C,HOH 79 1,19
CgHsOH 3,04 40 7,27
CgHys 81 2,79 6,5 2,02
CHClI, 61,1 3,6 -63,2 4,9
CCl, 76,5 5,0 —24,7 29,8
CgHsNH,, 182 3,22

Duya vao dinh luat Raoult va bang thuc nghiém xdc dinh d6 ha diém dong dac (phuong phdp nghiém
dong) hay do tang dlem s0i (phuong phédp nghiém s6i) cua dung dich ngudi ta c6 thé tim duoc khbi
lwong mol ciia mot chit tan nhat dinh.

Vidu:

Hoa tan 10g chat A (khdng dién ly) trong 100g nudc. Dung dich thu dugc dong dac ¢ nhiét do —

2,12°C. Tinh khéi luong mol phan tir chit A.

Giai:

T4=0-(-2,12)=

2,120
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10 1000 100
M, 100 M

A A

2,12 = 1,86. ;E_D Tir d6: M, = 87,7g

A

m:

5. AP SUAT THAM THAU, NHIET PQ SOI VA NHIET PO PONG PAC CUA DUNG DICH
PIEN LI

Dinh luat Van’t Hoff va Raoult chi d4p dung ding cho cic dung dich lodng (tuong tic cua cic tleu
phan chit tan khong dang ké) cua cdc chat khong bay hoi, khong dién ly (s6 tiéu phan chinh bing sb
phan tir chét tan).

£)01 v6i dung dich chat dién ly thi sO tiéu phén trong dung dich (gdm céc phan tir va ion) s& 16n hon
5O tleu phén trong dung dich chét khong dién ly c6 cuing ndong do mol. Trong khi d6 cdc tinh chat nhu:
4p suat tham thau, do tang diém sbi hay do ha dlem d6ng dic lai chi phu thudc vao nong do ticu phan
trong dung dich. Do d6 cdc dai lugng nay thyc té do duoc 16n hon so véi tinh todn theo cong thirc ciia
Van’t Hoff va Raoult. De c6 thé dp dung dugc cho ca dung dich dién ly Van’t Hoff da dua thém vao cac
cong thirc mot hé s6 bd sung i goi 1a hé sé déng truong. Khi do:

n=1.RCT
Tg=1kgm
AT4=1. k4m

Nhu vay vé ¥ nghia thi i cho biét s6 tiéu phan chit tan 16n hon sé phan tir bao nhiéu lan. Dbi voi
dung dich khong dién ly thii= 0, con ddi véi dung dich dién ly thii>1. Vidy, trong nhu:ng dleu kién ly
twong thi dung dich NaCl ¢6 i = 2, con dung dich Na2S04 ¢6 i =3 vi mdi phn tir nay c6 thé cho tdi da

2 va 3 tiéu phan 1a cdc ion.

Dé xac dinh i nguoi ta do ap suét thAm thau hodc do tang diém so6i, 46 ha diém dong dac cua dung
dich r6i so sdnh ching véi cac gid tri tinh todn theo cic cong thurc cua dinh ludt Van’t Hoff va Raoult.

CAU HOI TU LUONG GIA
5.1. Pinh nghia céc néng do: phﬁn tram (%), mol (M), molan (m), duong lugng gam (N).

5.2. Néu quy tic tinh duong lwong gam cta mot chat trong phan tng trao dbi, phan Gmg oxy
hod — khu.

5.3. Phat biéu dinh luat duong luong va néu tng dung cua dinh luat d6 trong tinh todn cua
phéan tich thé tich.

5.4. Trinh bay hién tugng thim thau. Phdt biéu dinh luat Van’t Hoff vé dp suat tham thau.

5.5. Ap suét hoi trén dung dich, nhi¢t do s6i va nhi¢t do dong dac ctuia dung dich.
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5.6. Dinh luat Raoult va cadc phuong phap nghiém so6i va nghiém lanh.
5.7. Tinh 4p sudt thim thiu cua dung dich 5 g/lit glucose & 25°C.

5.8. Biét rdng & 37°C (than nhiét) dich hong cau ¢6 4p suat tham thau 1a 7,5 atm. Tinh nong
dd mol cua cic chat tan trong hong cau.

5.9. Dung dich trong nudge cua chat A (khong dién ly) 0,184¢ trong 100ml dung dich c6 dp
suat tham thau 560mm Hg ¢ 30°C. Tinh khoi lugng mol ctia A.

5.10. Dung dich 0,4 g/lit mot polypeptid c6 dp suat tham thau 3,74 Torr & 27°C (1Torr =
1,32.1073 atm). Tinh khéi lwgng mol cua polypeptid do.

5.11. Dung dich trong nudc cua chat B (khong dién ly) 1a 3 g trong 250 ml dung dich &
120C ¢6 4p suat 0,82 atm. Tinh khéi luong mol cua B.

5.12. Tinh nhiét d0 s6i va nhiét d¢ dong dac ctuia dung dich 9 g glucose trong 100g nudc.

5.13. Phai iy bao nhi€u gam glucose tan trong 150 g nude dé ha nhiét do dong dic cua
dung dich thu dugc xuong 0,75°C? Dung dich s6i ¢ nhiét d¢ bao nhiéu?

5.14. Dung dich mét chét tan khong dién ly trong nudc dong dic & — 2,47°C. Hoi dung dich
nay soi ¢ nhiét d¢ bao nhiéu?

5.15. Dung dich chét C (khong dién ly) 1,38 g trong 100 g nudc dong dic & —0,279°C. Tinh
khoi lugng mol cua C.

5.16. Nhi¢t do dong dac cia dung dich chtra 0,244 g acid benzoic trong 20 g benzen la
5,232°C. Xdac dinh dang tu hop phén tir ciia n6 trong benzen. Biét ring benzen dong dic &
5,478°C. K 4 Clia benzen 12 4,9.

5.17. Dung dich chira 16,9 gam mot chat khong dién ly trong 250 g nudc dong dic ¢ —
O,Z44°C. Chét nay c6 57,2% C; 4,77% H va 38,1% O. Xac dinh cong thuc phan tur cia hop
chat.

Bai 6
DUNG DICH CAC CHAT PIEN LY

MUC TIEU

1. Dinh nghia diing va tinh todn dwoc mot s6 dai luong dac trung cho mot chat dién ly, mot
dung dich chat dién ly.

2. Néu duwoc mot so quan niém vé acid—base (theo arrehnius, Lewis va Bronsted). Nhan biét
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duoc acid, base theo Bronsted.
3. Tinh todn dwoc pH cua cdc dung dich chat dién ly (acid, base, mudi, acid amin...).

4. Néu dwoc thanh phan tong qudt, gidi thich dwoc co ché tdc dung va tinh dwoc pH ciia mét sé
hé dém khdc nhau.

5. Dinh nghia diing tich 6 tan ciia chat dién ly manh kho tan va néu duoc moi quan hé cua dai
luwong nay voi do tan.

6. Trinh bay dwoc sie hinh thanh, cdu tao va cdu triic khong gian ciia phike chat.

7. Trinh bay dwoc ban chat, ddc diém cia nhitng phwong phdp phdn tich thé tich (trung hod,
permangnat, complexon,).

1. MOT SO KHAI NIEM VA PAI LUONG VE DUNG DICH CHAT PIEN LY
1.1. Thuyét dién ly. Arrehnius (Aréniux. 1884 — Thuy Dién)

Nhitng chd’t, & trang thdi hoa tan hay néng chdy cé khd ndang dan dién dwoc goi la cdc chat dién ly.
Trong nuoc chat dién ly phdn ly thanh cdc ion dwong va ion am.

Tuy thugc vao kha nang phéan ly cua cac chat dién ly trong dung dich, nguoi ta phan chia ching
thanh céc chét dién ly yéu va chét dién ly manh.

e Chat dién ly manh la nhing ’chét ¢6 kha nang phan ly hoan toan thanh cic ion trong dung dich,
thuong 1a nhitng hop chat c6 lién két ion hay lién két cong hoa tri phan cuc manh.

Vidu:
— TAt ca cdc mudi vo co va hau hét cac mudi hitu co nhu:
KNO3 - Kt + NO3_
NaCH3COO — Nat + CH3COO‘

RNH;Cl - RNH3Jr + CI”
— Mot s6 acid, base v6 co manh nhu:
+ 2—
H,SO, — 2H + SO,

NaOH — Nat + OH

° Chat dién ly yéu 1a nhitng chét phan ly khong hoan toan trong dung dich, thuong la nhiing chét ¢6
lién két cong hod tri phan cuc yéu hay lién két cho nhan.
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Vidu:

— Mot s6 acid va base vO co yéu nhu:

—_— + -
HNO, = H + NO,

— + -
H,CO, = H + HCO,
NH,OH = NH* + OH"

— Héu hét cic acid va base hiru co nhu:
CH,COOH = H* + CH;CO0~
R-NH, +H,0 = R—NH3+ + OH™

— Céc ion phtrc nhu:
[Fe(CN) ]+ = Fe®™  + 6CN-

1.2. Hing s dién ly

Dbi vai chat dién ly yéu, qué trinh dién ly cua ching trong dung dich thuc chét 1a mot qud trinh
thudn nghich, nghia la trong dung dich c6 can bang dong giita cdc phan tur va cac ion phan ly ra:

AB = A" + B”
Hing s6 cin bang cua qud trinh phan ly mot chat dién ly yéu:

xo ATIE]
[AE]

duoc goi 1a hang sb dién ly, ky hiéu 1a K

K Ia dai lugng dac trung cho céac chit dién ly yé'u,‘né phu thudc vao ban chit chét dién ly, nhi¢t do
va dung moi. K cang 16n thi kha nang phan ly cang nhiéu.

Néu AB la mt acid yéu thi K dugc goi la hing s6 dién ly cua acid, ky hiéu1a K .

Vidu:
CH,COOH = H* + CH,COO0™
K, = H'[CH.LCOO™]
[CH,CCOOH]
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Néu AB la mt base yéu thi K dugc goi 1a hing s6 dién ly cua base, ky hiéu 1a K, .
Vidu:
R-NH,+H,0 = R-NH;* + OH"

[RNH; ] [OH-]
[RNH, ]

]:|=

Néu AB la mdt ion phuc thi K dugc goi 2 hing s6 khong bén, ky hiéu K.
Vidu:
[Fe(CN)(]© = Fe** + 6CN-

_ Fe]CNT
[Fe(CN), 1"

kh

Trong tinh todn nguoi ta con su dung dai luong pK voi quy ude pK = — 1gK. Nhu vay tuong tng ta
s€ ¢6 pK,, pKy, pKyy,,--- MOt chat dién ly ¢6 pK cang nho thi ¢6 kha nang dién ly cang manh trong dung
dich.

1.3. B¢ dién ly

Kha ning phan ly ciia cc chat dién ly trong dung dich con dugc ddnh gid qua mot dai lwong goi 1a
d6 dién ly cua dung dich, ky hiéu 1a a.

Do dién ly la ty s gitra s6 phan tir da phan ly thanh ion n va tong s6 phan tir da hoa tan n .

D:_:

z
13'13

Do dién ly duoc biéu dién bang phan trim (%).
Vidu:

Dung dich HF trong nudc ndng d6 0,1 M & 25°C ¢6 o, = 0,09 hay 9%. Piéu d6 c6 nghia 12 cir hoa
tan 100 phan tir thi ¢6 9 phan tir phan ly thanh ion.

Dbi véi dung dich cdc chit khong dién ly, vi du: dudng... thi o = 0

Déi v6i dung dich céc chat dién ly manh, phan ly hoan toan thi o = 1

Nhu vdy do dién ly c6 thé c6 gidtri0 <o < 1.

Tuy nhién trong thuc té khi xdc dinh d6 dién ly (vi dy, bang phuong phdp do do dan dién) ctia dung
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dich nhiing chét dién ly manh, vi du: HCI, NaOH, K,S0,.... thi o thuong < 1 (n6 chi = 1 khi dung

dich dugc pha lodng v6 cing). S¢ di nhu vay 1a vi & nhitng dung dich c¢6 ndng d6 cao, xay ra tuong tic
tinh di¢n gitra c4c ion hodc su tu hop gilra cic ion v6i phan tir.

K chi phy thudc vao ban chét dung mo6i va nhiét dJ, trong khi d6 o con phu thudc ca vao néng do.
Nhu vay K déc trung cho kha nang dién ly cia mét chat dién ly yéu, con o dic trung cho kha ning di¢n
ly cia mot dung dich di¢n ly néi chung.

Giita K ctia mot chat dién ly yéu va o cé mét moi tuong quan nhu sau:

Néu AB la chat dién ly yéu cé hang sé dién ly K. Trong dung dich ¢6 can bang:

AB = A" + B~

Goi néng dé ban dau ciia AB la C, dé dién ly cua no o néng donayla «.

Sau khi can bang dién ly dwoc thiét ldp c6 [AY] = [B"] = Cava [AB] = C - Ca

Theo dinh nghia
2

_ At BT _ CoCom Cof

K =
[AB] Cil-om 1-om

Khi << 1(a<0,1)cé thé coi I- a =1 khi dé ta c6 biéu thire don gidn hon

E
oL, |—
c

Biéu thirc cho thdy: d di¢n ly ty 1¢ nghich véi can béc 2 ciia nong dp chat di¢n ly. D6 la ngi dung
cua dinh ludt pha loang Ostwald (Ot—oan).
Khi nong do giam, nghia & khi pha loang thi dé dién ly a ciia dung dich tang lén.

Cdc biéu thirc trén cho phép tinh hang sé K khi biét dé dién ly o & mét nong dé xdc dinh va nguoc
lai.

Vidu I1:
Tinh hang sé dién ly ciia CH,COOH biét rang dung dich 0,1M ¢é d¢ dién ly 0,0132.
Vi << 1 nén cé thé dp dung céng thirc gan diing:
K=0?C=(0,0132) 1071 = 1,76 107

Vidy 2:
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Hang so dién ly ciia HNO, =5.10" 4. Hoi dung dich ¢é nong dé bao nhiéu dé dg dién ly bang 20%

Vi atcé gid tri tuwong doi Iém, khong thé bé qua nén phai dp dung biéu thirc:

_R{-¢ _5 107 (1- 0,2

=1.107" M
o (0,2)

C

1.4. Khai niém vé hoat d¢ ciia ion — Luyc ion cia dung dich
Dbi vé6i cdc chat dién ly manh, khéi niém hang s dién ly khong c6 y nghia vi cdc chét nay phan ly
hoan toan. Tuy nhién do twong téc gitra cdc ion tich dién trdi ddu ma néng do hoat dong cua cic ion
thuong nh6 hon nong do von ¢6. Vi vay nguoi ta dua ra mdt khai niém goi la hoat d¢, ky hi¢u la a. D6 la
nong do hoat dong hay nong do hi¢u dung ctia ion nao dé trong dung dich. Hoat d6 va nong do li€n quan
vO1 nhau qua biéu thuc:
a=f.C

C: Nong do vén ¢ ciia ion trong dung dich.

f: Hé 56 hoat db, f c6 thé cé cdc giatri 0 <f <1 Doi véi dung dich chat dién ly manh nong dé thdp
twong tdc giita cdc ion khong ddang ké thi f = 1, khi do hoat do bang nong do.

Theo Debye va Huckel hé $6 hoat do ciia mot ion dwoc tinh bc%ng biéu thirc:
1.
~laf = 52 JI

Trong do Z la dién tich cua ion. I duwoc goi la lyc ion cua dung dich.

Luec ion la mot dai lwong phan dnh anh hwong cua néng do va dién tich cua cdc ion khdc cé mat
trong dung dich lén ion dang nghién cwu. I dwoc tinh bang biéu thirc:

2

C;la nong do ciia méi logi ion trong dung dich
Z la dién tich ion.
Vidu:

Tinh lyc ion cua dung dich chita 0,1 M KH,PO,, 02M K,HPO  va 0,4 M KCI. Hoat do cua ion K*

trong dung dich nay la bao nhiéu?
Gidi: Nong dé ciia cdc ion trong dung dich la:
[K¥]=0,1 +04+04=09M
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[CTT]=04M

[HPO,]=01M

[HPO 2 ]=02M
Luyc ion cua dung dich:

!
I= E{G,Q. Prod P+01.FP+02.28) =11

Hé so hoat do cua ion K*:

—Igf= gf,u,f =0,5844 — f=0,3

Hoat do ion K™ trong dung dich:
a=f£C=03.09=027M.
1.5. Sy dién ly ciia nwéc — Tich sb ion ciia nwée — pH
Nudc 1a chat dién ly rat yéu

H,0 = H'+OH"

Hing s6 dién ly cua nudc & 250¢C:

K= w =1,8.10-18 [HaC] = 55, 5mol/l

[H,0]
Tir d6: K = [H*] [OH™] = 55,5.1,8.1071 = 1071 goi 1a tich s6 ion ctia nudc

Nhu véy trong nuée [HY] = [OH] = 10~/ mol/l

Trong dung dich nuéc bat ky ndong d6 ion H hay OH™ c¢6 thé thay d6i nhung tich sé néng do cia

14

ching ludn ludn bang 1 mol/l.

bé dic trung cho d§ acid, base hay trung tinh cua mét dung dich nguoi ta st dung mot dai lugng goi
la pH

pH=—1g [H']

Nué6c nguyén chét cé [H* =107’ pH=7
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Dung dich acid ¢6 [H*]> 1077 pH <7

Dung dich base c6 [OH7]> 10~ hay [H"] < 107/ pH>7
Nguoi ta con dung dai lwong pOH voi quy woc:
pOH = -lg [OH]

Talgicé: [H*].[OH ] = K Néuldy-lg ciia 2 vé va ky hi¢u -IgK = pK_

—lg[H* ]-Ig[OH ] = -IgK, = pK, hay

pH + pOH = -1gl07!% = 14
Nhae vy cé thé tinh pH ciia mét dung dich khi biét pOH ciia no:

pH =14 -pOH

1.6. Chit chi thi pH

Céc chét chi thi pH 1a cdc chat c6 mau sic thay d6i phu thudc vao pH. Ching thudng 12 acid hay

base hitu co yéu ma dang phan tir va dang ion c6 mau khic nhau.

Vidu:

Mot chét chi thi pH 12 acid thi trong dung dich c6 cin bang phén ly:

HInd = H" + Ind

Mau dang phan to Mau dang ion Khoang chuyén mau
Phenolphtalein khong mau hong 8-10
Bromothymol xanh vang xanh 6,2-7,6
Quy tim hong xanh 5-8
Methyldo hong vang 4,462
Methyl da cam da cam vang 3,1-4,5

Dai lugng déc’ trung dbi VoI mdi chét chi thi pH Ia khoang chuyén mau cla chat chi thi. P6 1a
khoang pH ma chat chi thi bat dau chuyén tir mau nay sang hoan toan mau khdc (tie mau dang phan tw
sang mau dang ion).
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Vé6i methyl d6 thi & pH < 4,4 ¢6 mau hong (mau dang phan tir)

O 4,4 < pH < 6,2 mau hong chuyén dan sang vang.

O pH > 6,2 ¢6 mau vang (mau dang ion).

Str dung chét chi thi pH thich hop ¢ thé danh gid so bo pH ctia mot dung dich trong khoang nio.
Vidu:

— Néu nho phenolphtalein vao mot dung dich thay xuét hién mau hong thi ching t6 dung dich ¢6 pH
> 8.

- Néu nhé methyl d6 vao mot dung dich thdy xuat hién mau hong thi dung dich ¢6 pH nho hon 4.,4.
Néu c6 mau vang thi pH cua dung dich 1én hon 6,2.

Dé xéc dinh pH bang cdc chit chi thi mau pH mot cch chinh xdc hon ngudi ta thuong dung dung
dich chi thi tong hop. D6 12 mot dung dich chira nhiéu chat chi thi pH c6 cic khoang chuyén mau khéc
nhau va do d6 n6 s€ c6 mot mau xédc dinh ¢ mot pH xdc dinh. Ngudi ta cling dung gidy do pH la gidy da
tam chat chi thi tong hop.

Khi do pH ngudi ta nho mot vai giot chat chi thi tong hop hay nhiing mot méau gidy do pH vao dung
dich can do r6i so mau véi mot thang mau tuong tng véi nhirng pH khac nhau. Vi du:

pH 3 4 5 6 7 8 9 10
mau bo boédacam | Dacam vang vang xanh xanh tim
luc luc

Vi nhitng thang mau chi tiét hon ngudi ta c6 thé xdc dinh dugc pH v6i do chinh xdc dén 0,5 hodc
0,2 don vi pH.

2. ACID VA BASE
2.1. Thuyét proton vé acid — base ciia Bronsted (Bronstet 1923 — Dan Mach)

Theo Bronsted acid la chit ¢é khd néing nhwong proton, base la chit cé khd néng nhén proton:

CH,COOH = H' + CH,C00"

NH 4+ = H" + NH,

R—NH3Jr = H' + R-NH,
Hay tong quit ta c6:

HA = H" + A
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Mot acid HA khi phan ly cho ra proton va mot base A~
HA/A™ dugc goi la mot cap acid — base lién hop.
2.2. Thuyét electron vé acid — base ciia Lewis (Liuyt)

Acid la chit ¢6 khd ning nhdn cdp electron con base la chit ¢ khd nang cho cap electron.

+

H @HOD OH  (NaOH)
H™ :0:H
H
|"'f._““\ + +
R—N: + H — R—NH,
|
H

Theo dinh nghia ciia Lewis thi nhitng phan tmg khong cé sw trao doi proton ciing thudc loai phan
ung acid — base.

Vidu:

F H F H

| I (.
F—pB + :N—H — F—B—N-—H

| I I |
F H F H

Thuyét Lewis thuong dwoc sir dung trong hod hoc hitu co.

2.3. Sw dién ly cua acid va base trong nwéc
HCI — H* + CI”

CH,COOH = H' + CHy;C00"

Vi ion HY ¢6 thé tich nhé nén mat do dién tich 16n do d6 né c6 thé tham gia vao tuong tac vdi cac
phan tr nudc tao ra ion hydroxoni H3O+. Vi vy phan tng phan ly cta acid thuc chat 13 phan Gmg ctia né
voi nude

HCI + H,0 - H;0" + CI
CH;COOH +H,0 = H3OJr + CH;CO0~
HA+H,0 = H3OJr + A

Tuy nhién dé don gian ngudi ta van viét
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HA = H* + A"

[F][A7]
[FA]

va hing s6 dién ly vn dugc tinh bang biéu thirc: g, =

Tuong ty nhu vay su dién ly ciia mdt base 1a phan Gng ctia né véi nude de tao raion OH™.

Vidu:
NH, + H,0 = NH + OH
CH,COO™+H,0 == CH,COOH + OH-
va hing s di¢n ly dugc tinh bing biéu thire: K, = [MT;:JIEH]

3
Dé thuan loi ngudi ta con ding dai luong pK, va pKy voi quy udc:
pK, =-1g K, vapK, =-1gK,
Gitra K, va K, (hay pK, va pK,) cia mét c@p acid - base li€n hgp c6 mdi lién hé sau day:
K, K, =K,
pKa + pr = pKn =14
Vidu:
Déi véi cp CH;COOH / CH ;COO~
Sw dién ly ciia acid CH;COOH == H* + CH,COO~

_ [HTICH,CO0" ]
~ [CH,COOH]

2

Sw dién ly cua base lién hop

CH;COO™ + H,0 <= CH;COOH + OH~

. [OH IICH.COOH]
Y ICHCO0]

Tir do K,.K,=[H"][OH ] = K, hay pKa + pK, = pK = 14
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Chii y: d6i véi mot cap acid — base lién hop dang acid cang manh thi dang base lién hop cang yéu.

BANG 6.1. HANG SO PIEN LY K, VA PK, CUA MOT SO ACID YEU

Tén axit Cong thre phan tor K, pK,
a. oxalic HOOC-COOH 7,5.1072 1,27
5,4.1075 4,27
a. phosphoric H,PO, 7,5.10°3 2,13
6,2.1078 7,21
2,2.10°12 11,66
a. malonic HOOCCH,COOH 1,5.1073 2,83
2,0.10°® 5,70
a. salicylic o— HOC;H,COOH 1,0.1073 3,00
a. fumaric HOOCCH=CHCOOH 9,0.107* 3,05
3,0.10°° 552
a. citric HOOCCH,C(OH)(COOH)CH,COOH 8,0.107 3,10
2,0.1075 4,70
4,010 6,39
a. flohydric HF 6,5.107* 3,19
a. nitro HNO, 45104 3,35
a. malic HOOCCH(OH)COOH 4,010 4,39
8,0.10°6 510
a. formic HCOOH 1,8.1074 3,74
a. lactic CH,CHOHCOCH 1,4.10™4 3,86
a. benzoic CgHsCOOH 6,5.107° 4,19
a. sucinic HOOC(CH,),COOH 6,3.107° 4,20
2,4.10° 563
a. acrylic 4,26
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CH,=CHCOOH 55.10™
a. acetic CH,COOH 1,8.107° 4,76
a. caproic CH,(CH,),COOH 1,6.10°° 4,81
a. butyric CH,(CH,),COOH 1,5.10°° 4,82
a. isobutyric (CH,3),CHCOOH 1,4.10°° 4,85
a. propyonic CH,CH,COOH 1,4107° 4,85
a. carbonic H,CO, 4,3.1077 6,37
5,6.10~11 10,26
a. sulfuhydric H,S 1,1.1077 6,96
1,0.10714 14,00
a. hypocloro HCIO 3,1.10°8 7,51
a. cyanhyric HCN 4,9.10710 9,31
a. phenic (phenol) CgH<OH 1,0.10°10 10,00
BANG 6.2. HANG SO DIEN LY K, VA pK, CUA MOT SO BASE YEU
Tén Bazo Cong thirc hoa hoc K, pK,
diethylamin (C,Hg),NH 9,6.107% 3,02
ethylamin C,H:NH, 4,26.1074 3,36
n—butylamin CH,(CH,);NH, 4,1.107* 3,39
methylamin CH,NH, 3,7.10™* 3,43
amoniac NH, 1,8.10°5 4,74
hydrazin H,N-NH, 1,7.10°8 5,77
hydroxylamin H,NOH 1,1.10°8 7,97
pyridin CgHN 1,7.107° 8,77
anilin CgHsNH, 3,8.1071° 9,42
ure 1,5.10714 13,82
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(NH,),CO

2.4. pH cuia dung dich acid manh, base manh

¢ Acid manh phan ly hoan toan trong dung dich:

HA— nHT+A"M™
+7
C, [H'1=nC,

pH=-1g[H"]=-1gn.C,

Vidu:

Tinh pH cua dung dich HZSO 4 0,05M:

pH=-1g2.0,05=1

e Base manh phan ly hoan toan trong dung dich:

B(OH), —nOH™ + B

G, [OH™]=n.Cy
K o
)= =
[CH™] nC,
—14
pH=-1g =14 + lgn Cy
iy

Vidu:

Tinh pH cua dung dich Ba(OH), 0,01M

pH =14 +1g2.0,01 = 12,3

Chii ¥: ciing c6 thé tinh pH nhu sau:

Tu [OH™] tinh dugc pOH va khi d6 pH = 14 — pOH

Trong vi du trén pOH = -1g2.10-2 = 1,7

pH=14-1,7=123
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2.5. pH ciia dung dich axit yéu
Trong dung dich, acid yéu phan ly theo phuong trinh:

HA = H'" + A

Luu y rang [H*] = [A7], [HA] = Ca — [H*]. Thay vao biéu thirc K :

[H*1?
E =—-°"
*oC, -[HY]

Giai phuong trinh bac hai nay ta dugc [H*] va tinh duoc pH.
Kinh nghiém cho thiy khi C o Khong qua nho (khong nho hon 0,01) va K, khong qua 16n (khong 1on

hon 10~ thi ¢6 thé coi C, — [H*] = C

a

Tu do
[H]= JK.C,
pit = - 1g[1'] = £ (-1eK, - 1¢C)
B = 2 (i~ 1C)
Vidu:

Tinh pH cua dung dich acid acetic 0,01M biét pK, =476
1 -2
pH= 5(4,?6 —1g 10==y=3738

2.6. pH cua dung dich base yéu
Trong dung dich, base yéu phan ly theo phwong trinh:

B + H,O & BH" + OH"
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G, [OH]=? [H*]=?

B — [EH'] [OH]
p= — - s ]
(E]
Luuy réng [BH*]=[OH], [B] = Cb —[OH™]. Thay vao biéu thire K,.

_ [OH,
C, — [CH]
Giai phuong trinh béc hai nay ta dugc [OH ] va tinh dugc [H*] va pH.
Trong trudng hop gan diing coi C,—[OHT]=C

[OH= JE,Cy

1w

JER Gy

pH=14 —% (pEy — 12y

[H']=

Vidu:

Tinh pH cua dung dich anilin néng do 0,01M biét pK, = 9,4
1 —2
pH=14- 5(9,4—1g 1023=8,3

3.SUPIEN LY CUA CAC ACID HAY BASE YEU NHIEU NAC

D6i voi nhitng chét dién ly nay vi dy: H;PO,, H,CO;, Pb(OH),....

gom nhi€u nac va moi nac c6 mat gia tri K dién ly twong ing.

Vidu:
H,PO, = H' + HPOS
H,PO,~ = H' + HPO*
HPO,* = H' + POS

thi sy dién ly trong dung dich

Hang sb dién ly K, thuong c6 gid tri 16n gap hang chuc ngan 14n so véi K,, vi vay trong nhirng tinh

todn thong thudng ngudi ta chi chii y dén nic phan ly thir nhat,
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Vidu:

Tinh pH cta dung dich H,CO; 0,1M. Trong dung dich ¢6 cén bang dién ly sau day:

— - = —7 -
H,CO, = H' + HCO, K,=43.107 pK ;=637
- — 2- _ —-11 -
HCO, = H' + CO, K,=56.10"11  pK,=10,26
H,0 = H' + OH Ko =107

ViK, >>K,: K; >> Ky, nén c6 thé coi [H*] do HCO;~ va H,O phan ly ra khong déng ké so véi
[H*] do néc tht nhat cia H,CO, phan ly ra.

Khi d6 dp dung cong thirc tinh pH cua dung dich acid yéu mot néc, ta c6:

= —(pKl lgCa) = %(6,3? —1g1071) =638

Chii y: Trong truong hop téng qudt, dé tinh chinh xdc néng dé cia ion H' trong dung dich ta phdi
lap hé 5 phuong trinh

E;= w =43 1077 0
[F,CO,]

Ei= —H] [HC0 ] =4,3.1U_? ()
[F,CO,]

[ ][OH =K, =107 3)

Theo tinh chat trung hoa dién tich ta cé:

[H*] = [OH | + [HCO,™ | +2[CO,*"] 4)
Theo tinh chat bdo toan néong do ta co:

[0,1] = [H,CO5] + [HCO;™ ] + [CO,*" ] (5)
Gidi hé phuong trinh 5 an sé ta dwoc cdc gid tri ciia

[H*], [OH™ ], [HCO;™ ], [CO32_ I, [H,CO;4]

Tu nhitng nghién ctru vé duodng cong chuan do cua acid nhleu nac cho thiy ndng do cua cic ion
trung gian 16n nhat & gi tri pH bang trung binh cong hai pK cén ké.

Vidu:
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H,PO, di¢nly 3 nc nhu sau:

HaFi, % HoFOy~ % HP Q42 % POy
Dang ion HPO,>~ ¢6 ndng do 1on nhat & pH = %(pKz +pE5)
4. SUDIEN LY CUA CAC AMIN ACID

Céac amin acid ¢ dang proton hod hoan toan (toan by cac nhém -NH, déu chuyén thanh NH3+) la
nhing acid yéu nhiéu nic phan ly.

Vidu I:
Xic dinh dang déng dién va pH; cua glycin

Glycin phan ly nhu sau:

K, I,

CHz- COOH — CHx-COO-+H" — CHz-COO-+H'
| H H

NHs* MNH5* NHz

(4] (B) (C
Dang (B) trung hoa dién (ludng cuc) duoc goi 1a dang dang dién cua glycin.

Khi pH = % (pK + pKa) = % (2,34 +9,6) = 5,97
glycin ton tai chu yéu duéi dang dang dién. pH d6 goi 12 pH dang dién cua glycin, ky hiéu pH;.

O nhitng pH < pH, glycin ton tai dudi dang cation (A), con & nhirng pH > pH; n6 ton tai dudi dang
anion (C).

Tuy thudc vao ban chét va sb luong cidc nhém chure mdi amin acid c6 pHi khac nhau (bang V) va ¢
mot pH xdc dinh nd ton tai vu tién dudi mot dang nhat dinh.

Vidu 2:
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PR K
HaN*—(CH2)4CH COOH = HaN*—(CHz)4CH COO~ = HsN*—(CHz)aCH COO-

IMHz*

(&)

Dang (C) l1a dang déng dién, vay

IMHz*

(B)

PH, = %@Kz +pKy) = %(8,95 +10,53) = 9,74

pKa ﬂ NH;

HoN—(CH)e CH COO™

MHz

s

BANG 6.3. CAC GIA TR| pK, VA pH, CUA MOT SO AMIN ACID R-CH-COOH

Tén amin acid -R pK, PK, PK, PH;
—COOH -NH,* R
alanin CH,- 2,35 9,69 6,02
arginin ll\lle 2,17 9,04 12,48 10,76
HaM—-C—MH-
aspartic HOOC-CH,— 2,09 9,82 3,86 2,98
cystein HS—CH,— 1,71 8,90 8,50 5,02
glycin H- 2,34 9,60 5,97
CHsy
_ :},CH—C Hy— 2,36 9,60 5,98
leucin CHs
lysin H,N*—(CH,),— 2,18 8,95 10,53 9,74
serin HO—CHZ— 2,21 9,15 5,68
threonin CH,—CHOH- 2,09 9,10 5,60
thyrosin
HO - CHz- 2,20 9,11 10,07 5,67

5. pH CUA DUNG DICH MUOI
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Trir cdc mudi tao bdi acid manh va base manh, vi du NaCl, Na,SO,... khi tan trong nudc cho pH =

7, cac muéi con lai ¢6 thé cho nhimng pH Khéc nhau tuy thudc vao ban chét ctia mudi. Nguoi ta thuong
n6i cdc mudi d6 bi thuy phan. Vay thuc chat cua su thuy phan la gi?

Dung dich cdc mubi nay thuc chat 1a dung dich acid hay base theo Bronsted.

Vidu:

NH,Cl —  NH,* + CI
CH,COONa —  CH;COO0™ + Na*

Ion NH 4+ la mot acid nén trong dung dich phan ly theo phan tng:
NH4+ +H,0 <= NH; + H3O+

lIon CH;COO™ 1a mét base nén trong dung dich phén ly theo phan tng:
CH,COO"+H,0 = CH;COOH + OH"

Vi vay pH cua cédc dung dich nay dugc tinh theo cac cong thuc:
pE= 2 (K. 16y

pH=14- % (0K — 1gCy)

Vidu:

Tinh pH cta dung dich (NH,),S0, 0,05M. Biét ~ pKyy, =4.76

C, =[MNH}]=2.0,05= 011
pKHH4 = 14 = pKNH3 = 9,24

pH = 15{9,24 ~1g01) =512

Vidu:

Tinh pH ciia dung dich HCOONa 0,01M. Biét PKyicoon = 3:76-
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Cp=[HCOO-]=0,011
PE o = 14— pErcoor = 10,24

pH=14 - 1%(1::1,24 —1g0,01y=7,38

Dbi v6i dung dich mudi tao béi mot acid yéu va base yéu thi pH khong phu thudc vao néng do mubi
ma chi phy thudc vao pK, va pKy cua acid va base tao ra mu6i d6

pH= (14~ £ + )
Vidu:
Tinh pH cua dung dich NH 4NO, biét pE WH; = 4,776 wa pK WHO, = 34
1
pH = 5 (14 — 4,76 + 3,4) = 8,52
Vidu:
Tinh pH cua dung dich NH,CN biét pE wi, =476 va pKyon =9.31
1
pH= 5 (14 -476+ 931 =927
Pé di dén cong thire tinh pH ciia logi mudi nay ta ldy lai vi du mudi NH/NO,.

Trong dung dich mudi nay cé mdt dong thoi ion NH 4+ la mot acid va NO,™ la mot base va cdn bang

sau day:
NH,* + NO,” = NH, + HNO,

va ton tai 2 cdp acid - base lién hop: NH 4+/NH 3 va HNO,/NO,™ ¢6 cdc hang sé acid twong ing la
K,va K,

K, - [H' JINH,]
[NH]]

_ [H']{NO;]
(HNO, |
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Nhin K, véi K, ta c6: K. K, = [H* P, FNH - JINCS ]
FNH, JTHNO, |

Theo phan ung trén khi can bdng ta co: [NH4+] = [NOZ_] va [NH3] = [HNOZ]
T do:
[H'? =K,.K,

N 1
Va pH = = (pK; + pE)

Néu thay pK; =14 - pEyy, (pEyn, la pK cua base da tao ra muoi NH/NO,) ta cd:

1
pH = ) (14-pK, + pK )
Dbi voi dung dich mudi cua cdc acid nhiéu nac
Vidu:
Tinh pH cua dung dich NaHCO; 0,1M
Ion HCO3_ 1a mot acid theo Bronsted
HCC; &= Hf +HCD%_ v pEa = pE gpco, = 10,2

Ion HCO;™ cuing la mot base

HCO3 +Hy0O == HyCOz + OH- véi pKy, = 14 — pKypy oo, =7,63

Vi pK, > pK, cho thay HCO;~ thé hién tinh base manh hon tinh acid va do d6 pH cta dung dich
mubi nay c6 pH >7.

Pé tinh pH ctia dung dich mubi ndy ta luu y rang trong dung dich ton tai hai cip axit-bazo lién hop:
H,CO,/ HCO;™ ¢6 pK; va HCO5™/ CO32_ c6 pK,

Tu do:

pH = %(pK1+ pK,) = %(7,35 +10,2) = 8,31
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6. DUNG DICH PEM
6.1. Dinh nghia:

Dung dich dém la dung dich cé pH thay doi khong ddng ké khi thém vao dé mét it acid, base hay khi
pha lodng chiing.

6.2. Thanh phan ciia dung dich dém va co ché tac dung dém
Mot hé dém c6 thé g@)m nhirng chét sau:

CH3COOH + CH3COONa
NaHCO3 + NaZCO3
NH 4Cl + NH3

acid + base lién hop

Mot céch téng quét trong hé dém c6 mit dong thoi voi mot twong quan déng ké ctia hai dang acid va
base cua mdt cdp acid — base lién hgp. Nghia la trong dung dich d¢m ludn ludn ton tai can bang:

HA = H'* + A

Vi vay khi thém vao dung dich dém H* can béng trén sé chuyén dich theo chiéu nghich tao ra acid
dién ly yéu HA. Nguoc lai khi thém base (OH™) hay pha lodng, nong d6 H* bi giam xudng thi dong thoi
can bang s& chuyén theo chiéu thuan dé tao thém H* va do d6 pH khong bj thay doi.

6.3. pH ciia dung dich dém

Gia st dung dich dém gém acid HA véi ndng d6 Ca va dang base lién hop A~ (vi du NaA) v6i nong
do C,.. Hang s6 di¢n ly cua acid la K. Tr can bang di¢n ly:

HA = H" + A~
acid base lién hop

AT [HA]
= ___— - trds[H = it
Ky A [H7] =Ky

[A7]

[A ]
H=pKy+lg—
PH=rka B AT

Vi HA 12 mot acid yéu, sé mol phén ly khong dang ké nén c6 thé coi ndng do lic can bang [HA] =
C,va[AT]=C,
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C
pH=pKa+lgc—b

a
Mot cich tong quét pH cta dung dich dém:

[base Lifn hop]

H=pE.+1
P P £ [acid lién hap]

Phuong trinh trén duoc goi 1a phuong trinh Henderson— Hassellbalch (Hendoson— Haxenban)

[base lién hop]
[acid lién hap]

Luru ¥: Ty s6 nong do cling 12 ty s& mol cua base lién hop va acid lién hop trong
dung dich dém.

Dua vao phuong trinh Henderson— Hassellbalch ta c6 thé:

o Tinh pH cta mot dung dich dém néu biét pK, [A7], [HA]
Vidu:

Tinh pH cua dung dich dém goém: 100ml dung dich CH;COOH 0,IM va 50ml dung dich
CH;COONa 0,4M.

pH = 4,76 +1g 02 94 5 4g
(0,1 0,1]

e Diéu ché dugc nhitng dung dich dém c6 pH khdc nhau bang cach thay ddi ty s6 ndng d dang acid
va base li€n hop.

Vidu:

Tu cdc dung dich NaH,PO, va Na,HPO, ¢6 ndéng d6 mol bang nhau phai ldy chiing theo ty 1& nhu
thé nao dé c6 dung dich dém pH =7,5.

[HFO,™]
pPH= DK, g p, T2 ———F—
2H.FO H—IEPD4]
[HPO;™]
lg———* - =pH- =75-721=0.29%
dmpo " X, a,r0,
[HPO™]

s 2 T9 18 ndng db ciing & t7 18 thé tich hai dung dich

[E,PO;]

Nhu vy phai 1ay hai thé tich Na,HPO, va mét thé tich NaH,PO,.
Kinh nghiém cho théy dé dam bao mot dung dich dém c6 kha nang dém tdt thi néng do cua mot
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dang nay (acid hay base lién hop) khong nén gap qud 10 1an ndng d6 ciia dang kia. Piéu d6 ciing c6
nghia 12 mot dung dich dém c6 kha nang dém tdt trong khoang pH = pK, £ 1.

e Tinh dugc K, hay pK, cua acid tao ra dung dich dém néu chu dong biét ty s6 nong do base lién
hop/ acid lién hop va pH cua dung dich dém.
Vidu:

Xéc dinh pK, cua acid lactic (CH;CH(OH)COOH) biét dung dich chtra 0,01 mol acid lactic va
0,087 mol natri lactat (CH3C(HO)HCOONa) c6 pH =4.38.

[lactar]
PH = pK, +1
B T ctic]
o _1g ] _ o 10087]_
[actc] [0,01]

6.4. Dung dich dém cé6 pH va luc ion xac dinh

Trong nhiéu thirc nghi¢m, dac biét la trong phwong phdp di¢n di hay trong nghién ciru dong hoc cdc
phan wng enzym nguoi ta can nhitng dung dich dém co pH xdc dinh nhung dong thoi co luc ion xdc
dinh.

Vidu:
Can pha dung dich dém phosphat ¢é pH = 7 va luc ion I = 0,1.

Goi: N5ng do cua KH 2PO 4 trong dung dich dém la x.
Nong dé ciia K,HPO , trong dung dich dém la y.
ta co luc ion:
I= % (K12 + (H PO+ [HPO 128 = 0,1
1
= E{x+2y+x+4y}=ﬂ,1

Tw do x+ 3y =0,1 hay x = 0,1- 3y.

Thay gid tri cua x vao phuong trinh Henderson— Hassellbalch voi pK = 7,2 (K  la hang so6 dién ly
cua acid H L,PO,)
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I
pH=pKa+1lz —
X

T=72+1g

(0, 1-3y)
Terdoritra y=0,021 x=0,037.

Nhur vdy muon cé dung dich nay thi 1y sé nong do KH,PO , va K,HPO,, trong dung dich phai la
3,021

3,037
6.5. H¢ dém trong co thé
Trong co thé ¢6 hai hé dém quan trong:

o Heé dém phosphat H)POy- —= g+ + HPO42_ trong té bao chét

o H¢démbicarbonat H,CO; = H" + HCO;  trong mdu
+H,O
C0g — [y —— H,CO; = H*+ HGOE
-H,0
phé nang hoa tan tman

7. DUNG DICH CAC CHAT PIEN LY MANH IT TAN. TiCH SO TAN

Mot sb chit 1a nhitng hop chit ion nhung rat it tan trong nude. Vi du: AgCl, BaSO 45 BaCO3, PbIz,
Mg(OH),, Fe(OH)5,... Tuy nhién nhiing phén ttr da tan thi ching lai phan ly hoan toan thanh céc ion.
Nhiing chit d6 duogc goi la cac chét dién ly manh it tan.

Trong dung dich bao hoa ctia cdc chat nay luoén ludn ton tai mot can bang gitra trang thai ran va cac
ion hoa tan.

Vidu:
Dbi voi AgCl:
AgCl. = Agt +CI”
Hing s cAn bang cua qud trinh nay duoc goi 12 tich s6 tan ciia AgCl va duoc ky hiéu1a T AgCl
TAgCl = [Ag+] [CT]

Mot céch tong quat, doi voi mot chat dién ly manh it tan AmB o
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— + —
A B = mA"™ + nB™

Ta co: T

'ﬁ"m. Bm

= (AP (B

Vay: tich 6 tan cua mot chat dién ly manh it tan la tich 56 néng do cdc ion cua né voi 56 mil béng
hé so ty luong trong phan tur trong dung dich bdo hoa chat do.

Vi la hang s0 can bang nén tich so0 tan chi phu thudc vao ban chat ctia chat va nhi¢t dg. Tich so tan

ctia mot s6 hop chit trong nudc cho & bang 6.4.

BANG 6.4. TICH SO TAN CUA MOT SO CHAT BIEN LY & 25°C

Chat dién i Tich sé tan (T) Chat dién i Tich sé tan (T)
AgCl 1,78.1071° CaSoO, 9,1.107®
AgBr 5,3.10713 Hg,SO, 6,2.1077
Agl 8,3.10717 Ag,SO, 7,7.107°
AgCN 1,4.1071 Al(OH), 1,9.107%
AgSCN 1,1.10712 Cu(OH), 5,6.10720
Ag,CrO, 9.107"2 Fe(OH), 3,8.107%8
Ag,PO, 1,8.10718

HgCl, 3,5.10718 Fe(OH), 7.9.10-16
PPl 98107 Mg(OH), 7,1.10712
PbCl, 1,7.107° Zn(OH), 3.10-16
BaCO, 5,1.107° Cus 6,3.10-36
CaCO, 4,8.107° FeS 8.10-19
MgCO, 1.1075 PbS 3.10-28
BaSO, 1,1.10710 ZnS 1,2.10728

Nhu vay tich sb tan cho biét kha ning tan ctia mot chat dién ly it tan. Chat ¢6 T cang 16n cang dé

tan.

. Khi biét tich s6 tan ctiia mot chat & nhiét do nao d6 c6 thé tinh dugc do tan S cua chit (S duoc tinh
bang s6 mol chat tan trong 1 lit dung dich bao hoa chat do).
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Vidu:
Tinh d tan cia BaSO, trong nuéc biét T ¢ nhiét d6 25°C 1a 1.1.1071°.

Goi S 1a d6 tan cua BaSO4. Ta c6:

BaSO, — BaZ* + SO,>

S mol/l Smol ion/l Smol ion/l
S mol BaSO,, hoa tan phén ly hoan toan thanh S mol ion BaZ* va SO 42_.

[Ba™] [80,57=8.8= Ty,

§ = ofT=-1.1.107" = 1,05.107° mol/l

Mot céch tong quét voi chat dién ly manh it tan A_ B, thi do tan S duoc tinh theo cong thirc:

T
o mqqlﬂ
m*n™

Biét tich sb tan c6 thé xdc dinh duoc diéu kién dé hoa tan hay két tha mot chat:

Mot chat sé ket tua khi tich s6 nong do cdc ion cua no trong dung dich lon hon tich so tan va nguoc
lai no sé con tan khi tich so nong do ion cua no chuwa dat dén tich so tan.

Vidu:

Két tia Pbl, ¢6 tao thanh khong khi tron 2 thé tich bing nhau dung dich Pb(NO,), 0,01M va KI
0,01M. Néu pha loang dung dich KI 100 14n rdi trén nhu trén c6 két tiia khong? Biét T = 9,8.10~°

Pb>* +2I" == Pbl,
Néng d0 cac ion sau khi tron:

[Pb%*] = [I] = 5.10° moll

[PbZ]. [112=125.107>T Vi vay c6 két tia duoc tao ra.
Nong do KI sau khi pha loang 1a 10~ mol/l.
Nong d6 cdc ion sau khi tron:

[Pb2*] = 5.10~3 mol/l [17] = 5.10™ mol/l
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[PbZ]. [112=1,25.100" ' < T Vi vay khong c6 két tiia dugc tao ra.
8. SUDPIEN LY CUA PHUC CHAT TRONG DUNG DICH - HANG SO KHONG BEN
8.1. Khai niém vé phirc chit

Trong dung dich, mot s6 ion kim loai c¢6 thé két hop vdi cdc anion hay phén tir trung hoa tao ra
nhiing t6 hgp maoi goi la phire chat.

Vidu:
Fe?* + 6CN- —  [Fe(CN)J*
Cu?* + 4NH, —  [Cu(NHy),*
Co®* + 2NH,-C,H,-NH, —  [Co(en),]**

ethylen diamin (en)

Cu** +2NH,-CH,-COOH -  [Cu(gly),]

glycin (gly)
Ni%* + 2H,0 +2C,0,% - [Ni(C,0,),(H,0),]*
Nhiéu phirc chat phd bién trong tu nhién va déng vai trd quan trong trong céc qud trinh sinh hoc.
Vidu:
Hemoglobin ctia mau la phtic cuia Fe?*, clorophil ctua cdy xanh la phurc cua Mg2+.

Phan tng tao phirc ¢6 Ung dung rong rai trong phén tich hod hoc va trong diéu tri (phuong phap
phan tich complexon, di€u tri nhiém ddc chi...).

8.2. CAu tao ciia phirc chit
Phtrc chat thudng gdm hai phan: cau ndi va cdu ngoai.
Vidu:

K 4[Fe(CN)6] kali hexacyano ferat (II)

[Cu(NH3) 4] SO 4 tetraamin déng(H) sulfat

Cau ndi duoc viét trong ngodc vudng va thuong la cation hodc anion [Cu(NH3) 4]2+ [Fe(CN)6]4_.
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Phirc ¢6 cau ndi trung hoa thi khéng c6 cau ngoai, vi du [Cu(gly),].

Ton kim loai nim trong cau ndi duoc goi 1a hat tao phuc (ion tao phuc) hay ion trung tam va thuong
1 ion ctia cdc kim loai chuyén tiép nhu: Fe?*; Fe3*; Co®*; Ni2+; Cu?*...

Céc phan tir hay anion lién két véi ion trung tAm goi 1a cdc phdi tir hay ligan. Cdc phdi tir ¢6 thé ¢
mot hodc nhiéu cap electron chua chia sé, vi du: NH3; HZO; OH™; Cl; HZN—CZH 4—NH2...

Ton trung tAm va phdi tir lién két v6i nhau bang céc lién két phdi tri.

S6 orbital tréng cua hat tao phtic (nguyén tir hay ion kim loai) d3 lai hod, dugc goi 12 s6 phdi tri cta
kim loai.

S6 cap electron chua chia sé cia phdi tir dugc goi 12 dung lwong phdi tri cia phdi tir.

— Phi tir ¢6 dung lugng phoi trf 1 (c6 1 cdp electron chua chia s¢) vi dy: NH;; H,0; CN™; R-NH,...
con goi 1a phdi tir monodentat (mot rang).

— Phdi tr ¢6 dung lugng phéi tri 2 (c6 2 cap electron chua chia s¢) vi du: C,0 42_ ; H)N- CH,-
COO™... con goi 1a phbi tir bidentat.

— Tuong ty, ta c6 cdc phdi tir da phdi tri hay polydentat vi du: anion EDTA; polypeptid,...
Phtrc chat vé6i phéi tir polydentat (nhiéu ring) duoc goi 12 phirc cang cua (hay chelat).
8.3. Cach goi tén ciia phirc chit
Tén phirc chat dwoc doc theo mét sé quy tdc chinh sau day:
— Tén cation doc trude, sau dé dén anion. Phirc trung hoa duoc doc nhuw cau ngi
Vidu:

K,[Fe(CN)4] kaki hexacyano ferat(Il)
[Cu(NH}),ISO, tetraammin dé‘ng( 11) sulfat
[Cu(gly),] diglycin dong(0)

— Poc tén cdc phoi tir:

+ Cdc phoi tir la anion dwoc thém dudi -o: CI” — cloro, CH 3CO00™ acetato, CN™ - cyano, OH™ -
hydrox...

+ Cdc phoi tir la cation dwoc thém dudi —ium.
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+ Cdc phoi tir trung hod goi theo tén phan tir. Glycin, ethylendiamin... trie mot s trieong hop: phoi
nr la nude doc la aquo; NH; — ammin; CO — carbonyl.

+ Phirc ¢6 nhiéu loai phéi tur thi doc lan luot anion, phan ti, cation.

+ Ding cdc tiép dau di, tri, tetra, hexa,... dé chi sé liwong phoi tir.

— Tén phikc ¢é cau néi la anion dwoc két thiic bang dudi at.

— 86 oxy hod cuia ion tao phirc dwoc ghi bang s6 La ma dé trong ngodc don

— Kim logi trong anion phirc dwoc goi theo tén Latinh. Vi du: Sdt — fer; Bac — argen; Thuy ngan —
mercur; dong — cupr,...

BANG 6.5. DPAC DIEM CUA MOT SO PHU'C CHAT

Sé Sé
lon phirc Tén goi Céu truc oxy | phéi Lai hoa K
hoa tri
[Ag(NH,),J* tetra amin bac thang +1 2 sp 6,8.10°¢
[Ag(CN),I- di cyano argentat thdng +1 2 sp 1,0.1072
[Cu(NH,) P+ tetra amin dong vuéng +2 6 spPc? 21.10-13
[Cu(CN) 4]2- tetra cyano cuprat vuéng +2 6 5.0.10-28
[Fe(CN) 6]4— hexa cyano ferat(ll) bat dién +2 6 sp3d? 4,0.10°36
[Fe(CN) 6]3— Hexa cyano ferat(lll) | bat dién +3 6 sp3d? 1,0.107%
[Zn(NH,) 4]2+ tetraamin kém vuéng +2 6 35.10-10
[Zn(NH ) P+ diamin kém thdng +2 2
[Co(NH,)sP* hexa amin coban bat dién +3 6 sp3c? 6,0.10736
[Hgl P tetra iodo mercurat +2 5,0.10°31
[H9(SCN) 4]2— Tetra thiocyano +2 1.0.10°22
mercurat
[Fe(CO),] penta carbonyl sat 0 5 Psp?

8.3. Hang s6 khong bén ciia phire chit

du:

Trong dung dich phirc chét phan ly hoan toan thanh ion phtic (cau ndi) va ion don (cau ngoai). Vi
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Ky[Fe(CN)gl — 4K+ + [Fe(CN) 1+

Chii ¥: Mudi kép, vi du phen nhém K.AI(SO 4), khong giéng nhu phtic chét, trong dung dich né
phén ly hoan toan thanh cdc ion don:

K.Al(SO,), = K+ + A" + 250,
Sau d6 cdc ion phirc chi dién ly mot phan thanh ion trung tim va phdi tir:
4— —» 2+ —
[Fe(CN)(I*™ <= Fe“™ + 6CN

Hing s6 cin bang cta qu4 trinh dién ly mot ion phirc goi 12 hing sb khong bén cua phire, ky hiéu 1a

Ky

_ [Fe,'JICN"
[Fe(CN), I

¥h
Tuong tu nhu céc hing sb K, Ky déc‘ trung cho kha ning dién ly cua acid va base yéu, hing sb Kk
cua phtrc cang 16n thi phttc cang khong bén.
Hang s khong bén ctia mot s ion phirc cho & bang 6.5.
Su tao phitc ¢6 anh huong 16n dén do tan cua nhitng chat dién ly it tan.
Vidu:

Tich 56 tan ciia AgCl bing 1,8.10-10 Tp dé tan cua AgCl trong nuée. Néu hoa tan AgCl trong
dung dich NH 3 IM thi d¢ tan sé la bao nhiéu? Biét Ky, cua phirc la 1078

AgCl - Ag™ + CI

Goi S la do tan cua AgCl trong nuoc. Ta co:

§= y[Tage = Y1810 = 13207 M
AgCl tan trong NH 3 do phan ung tgo phiic:
AgCl(r) + 2NH, == [Ag(NH3)2]+ + CI

Hang so can bang cua qud trinh nay:

o [AENHIF(CE]  [AgNHITICU [ T4g7] 1
[NH, ] [NH,[* 42" ] K,
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K=10%181010=1810"2

Goi nong dg phirc [Ag(NH )2]+ duwoc tao ra la x thi nong do CI™ ciing bang x con nong do NH; la (1
—2x). Tw do ta co:

_[AgnEICr] A

daliE _= 18107 Gidirax=01M
[NH,] (1-2x)

x cing chinh la do tan cua AgCl trong dung dich NH ;. Gid tri nay lon hon rdt nhiéu so véi do tan

ciia né trong nudc nguyén chat. Nhw vdy su tao phire lam tang dé tan ciia mét chdt dién ly khé tan.
9. PHAN UNG TRONG DUNG DICH VA PHUONG PHAP PHAN TiCH THE TiCH
9.1. Pai cwong vé phwong phap phén tich thé tich
9.1.1. Bén chit ciia phwong phdp

Pé xic dinh nong dd cua mot dung dich chat A (goi la dung dich can chuan d06), ngudi ta thém dan
mot dung dich chat B (goi la dung dich chuan d¢) da biét nong d9, vao mot the tich chinh xdc dung dich
A cho dén khi hai chqt phan tng vira di véi nhau. Tir thé tich dung dich chit B da sir dung tinh duoc
nong do dung dich chat A.
9.1.2. Sw chuén dp, diém twong dwong, chit chi thi

— Qud trinh thém dan dung dich chat B vao dung dich chat A goi 1a su chudn db.

— Thoi diém dung dich chat A phan Gng vira du véi dung dich B goi 1a diém twong dwong.

— Dé phat hién diém tuO’ng duong (hay goi chinh xdc hon 12 diém dimg chuan do) trong phuong
phép phén tich thé tich nguoi ta thuong dung nhiing chat chi thi khic nhau. D6 1a nhitng chat ¢6 mau
sic thay doi khi dat dén diém tuong duong (hay rat gan diém tuong duong).

9.1.3. Tinh todn nong d¢

_ Trong phuong phdp phan tich thé tich, nguoi ta sit dung nong d6 duong luong gam va tinh todn theo
biéu thtrc cia dinh luat duong lugng:

V- Ny =V Ny
V- NyvaVg. Npla s6 duong lwong gam ctia chat A va chit B twong tmg.

9.1.4. Sw phén logi cdc phwong phdp phén tich thé tich
Tuy theo ban chat ciia phan tng gitta A va B ngudi ta phan thanh:

+ Phuong phdp phan tich trung hoa.
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+ Phuong phap phan tich tao phuec.
+ Phuong phdp phan tich oxy hod — khur.
+ Phuong phép phén tich két tia.
9.2. Phwong phap phan tich trung hoa
9.2.1. Co so cua phwong phdap
Phuong phap dua vao phan rng trung hoa:
H* + OH" —» H,0
dé xéc dinh néng dd cua céac dung dich acid hodc base.

De thuc hién phep chuan d9, vi dy mot dung dich acid, nguoi ta thém dan mot dung dich base da
biét ndng do (Ny) vao mot thé tich x4c dinh cua dung dich acid(V A) €0 ndng do N, chua biét cho dén

khi cdc acid va base trong hai dung dich phan ting vira di véi nhau. Biét thé tich Vg da thém vao c6 thé
tinh dugc N Al

Dé phit hién diém twong duong ngudi ta phai ding nhitng chét chi thi acid—base hay chi thi pH.
9.2.2. Puwong cong chuin dé acid — base va nguyén tic lua chon chit chi thi

DBuong cong chuén do 1a duong biéu dién sy bién {iéi pH trong qud trinh chuan do, tic 1a trong qud
trinh thém dan dung dich chuan vao dung dich can chuan.

Viéc nghién ctru dudong cong chuin dd 1a co s& dé lua chon chat chi thi trong cac phép chuin do
khac nhau.

Buong cong chuan do néi chung c¢6 dang chit S. Trén hinh 6.1a, b, ¢ 1a mot sd dang du:orng cong
chuan do trong nhitng trudng hop chuan khic nhau. Trén cic /duong cong nay ta nhén thay ¢ giai doan
dau cta sy chuan dd pH cua dung dich trong binh phan Gng bién ddi mot cach tir tur. Nhung dén mot thoi
diém nhét dinh (gan va qud diém twong dwong mot chit) thi pH bi bién doi dot ngdt thuong duoc goi 1a
budc nhay pH.
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f pH ] pH [ ] pH
. 10 .
P Phtalein P Phtalein ‘
I 8 S 4 :
sl Methyl db
il NaOH thém vdo ml NalOH thém vdo el HOT thém vao
et b) o)

Hinh 6.1. Cac dang dwong cong chuan dd acid - base

Nguyén tic cua viéc lua chon chat chi thi 1a: chdt chi thi phdi ¢ khodng chuyén mau nam trong
bwoc nhay pH.

— Truong hop chuqzlm mot acid manh bﬁng mot base manh hodc nguoc lai (hinh 6.1a) budc nhay pH
tur 4 —10. Vi vay c6 thé chon methyl dé (4,4 — 6,2) hay phenolphtalein (8 — 10).

— Truong hop chuan mot acid yéu bang mot base manh (hinh 6.1b) budc nhay pH tir 8-10. Vi vay
chi c6 thé dung phenolphtalein.

- Tru:ong hop chuan mdt base yéu bang acid manh hodc nguoc lai (hinh 6.1c) budc nhay pH tir 6 —
4. Vi vay chi c6 thé dung dugc methyl do.

9.3. Phwong phap complexon
9.3.1. Co so ciia phwong phdp

Phuong phdp dua trén phan ung tao phuc gw:a ion kim loai v6i nhiing chat complexon (thuong la
nhitng amin acid polycarboxyhc) dé xdc dinh nong do cua ion kim loai khi biét nong do cua complexon.
Vi du: complexon III. D6 1a muodi dinatri cua acid ethylen diamin tetra acetic (EDTA)

HOOCH,C CH,COO0H

> N- CH, — CH,y— N<

NaQOCH,C CH,COONs
complexon I1T (Na H,¥)

Complexon I c6 thé phan Uing vai cac ion kim loai tao ra nhirng phtic dé tan. Vi du voi ion kim loai
hod tri 2 Me?* ¢6 phan tmg:

Na,H,Y+ Me?* — Na,MeY + 2H*

Phan trng nay la co sé cua phuong phap complexon.
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9.3.2. Chiit chi thi va co ché chuyén mau
Trong phuong phép tao phirc ngudi ta st dung mot s6 chat mau hitu co ¢6 thé tao phirc voi céc ion

kim loai. Céac chat nay c6 déac diém 1a dang phirc va dang ty do ¢6 mau khéc nhau. Mot trong s nhitng
chat hay diing 1a Eriocrom T den.

ErioC + Me™ — ErioC—Me + 2H"
xanh bién hdng tim
Phirc ErioC—Me khéng bén bang phirc giita complexon véi kim loai.

— Trudc khi chuén do toan bo Eriocrqm két hop véi mot lugng nho ion kim loai tao phirc ErioC—Me
do d6 dung dich trong binh nén ¢ mau hong tim.

~ — Trong qua trinh chuan do xay ra phan g gitta complexon véi ion kim loai tu do trong dung dich
dé tao phure Na,MeY.

— Gan diém twong duong, khi toan bd Me™ d3 phan tmg hét, chi can du mot giot complexon sé& xay
ra phan ung:

NaszY + ErioC-Me — NazMeY + ErioC

hong tim xanh bién

Nhu vay khi trong binh nén thiy mau hong tim chuyén thanh mau xanh bién 13 diém két thic chuan
do.

9.3.3. Mgt sé dic diém ciia phwong phdp complexon

— Complexon luén ludn phan tng véi ion kim loai bat ky theo ty 1& s6 mol 1a 1:1. Vi vay duong
M
2

lwgng gam cua nd bang

- Chét chi thi ErioC ¢6 mdt mau xac dinh & mot pH xéc dinh. Vi dy & pH = 7-11 né méi ¢c6 mau
xanh bién, con phuc véi ion kim loai mdi c6 mau hong tim. Trong khi d6 phan rng gitra complexon véi
ion kim loai lai lam thay doi pH (tao ra H*). Vi vAy ngudi ta phai thém vao dung dich chuan d6 mot
dung dich dém, thuong la d€m amoni c6 pH = 10.

9.4. PHUONG PHAP PERMANGANAT
9.4.1. Co so cua phwong phdap

Phuong phap dya vao tinh oxy hod manh cua ion MnO,~ trong mdi truong acid

MnO,~ + Se + 8H" — Mn?* + 4H,0
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dé chuén nhiéu chat khir khdc nhau nhu: H,C,0,; Fe?*; H,0,...
9.4.2. Piém twong duong
Trong phuong phap ngudi ta khong phai diing chét chi thi vi ban than ion MnO 4 €O mau hong tim.

Trong qué trinh chuan d6 mau hong tim bién mé:tt nhung & gan diém twong duong chi can du mot giot
cling lam cho dung dich trong binh nén c6 mau hong tim. D6 la diém két thic chuan do.

CAU HOI TV LUONG GIA
6.1. Tich sb ion ctia nudc 1a gi? pH 1a gi? N6 cho biét diéu gi?

Tinh pH cua céc dung dich ¢6 ndng d6 ion [H] bang 1072, 10 ~7; 107%; 3,1.1072; 9.10~
8
mol/l.

6.2. Tinh pH cua céc dung dich sau:

H,SO, 0,05 M; HC1 0,001 M; NaOH 0,01 M; Ca(OH), 0,02 M.
6.3. Dinh nghia acid-base theo Bronsted. Trong nhing chat sau dy chat nao 1a acid, base?
Viét cac dang acid hay base lién hop cua ching: NH 4Cl; NH3; NaHCO3; C2H5NH2 ;
CH;COONa; H,0; Na,SO,; C;HsNH,;CI; NaNO,; H,N-CH,~COOH.

Duya vao dai lugng nao cé thé so sanh dugc d6 manh cua mot acid hay base?

6.4. Tinh d6 dién ly cta cac dung dich sau va rit ra nhitng nhan xét:

CH;COOH 0,02M va CH,COOH 0,02M + CH;COONa 0,02M
CH,;COOH 0,2M va CH;COOH 0,02M + CH;COONa 0,2M

6.5. Su dién ly ciia mot acid yéu, cong thic tinh pH cta dung dich acid yéu biét ndng d6 C a
va pK, . Tinh pH cua céc dung dich:

CH3COOH; HCOOH; HNOZ; NaHzPO 45 HCN c6 néng d6 0,01 M.

6.6. Su dién ly ctia mot base yéu, cong thire tinh pH cua dung dich base yéu biét nong do G,
va pK,. Tinh pH cua cdc dung dich:

NH,; C,H,NH,; CH,NH,; NH,OH c6 ndng do 0,01 M.

6.7. DBinh nghTa dung dich dém, thanh phén cua mdt dung dich dém (téng quat). Hay giai
thich co ché tdc dung dém cua cic dung dich dém sau:
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a) Phosphat NaH,PO,/Na,HPO,.
b) Carbonat NaHCO3/N azCO3.
¢) Amoni NH 4C1fNH3.

6.8. Cong thirc tong quat tinh pH ctia mot dung dich dém.Tinh pH cua dung dich gdm:

a) 100 ml NaHCO; 0,1M va 25 ml Na,CO5 0,2 M.

b) Hai thé tich bang nhau ctia cic dung dich NaH2PO4 0,1M va Na2HPO4 0,1M.

¢) 50 ml NaOH 0,16 M va 220 ml CH;COOH 0,4 M.

6.9. Sy thuy phén cua mudi 1a gi? pH cua dung dich mudi phu thudc vao nhing yéu té nao?
Viét phuong trinh thuy phan riit gon ciia cdc mudi sau day:

C2H5NH3C1; C6H5COONa; KNOZ; C 5H5NHC1; NaZCZO 45 NaZSO 45 (NH 4)230 45
NH,HCOO; C2H5NH3N02; NH,CN.

Tinh pH cua cac dung dich mudi nay c6 néng do 0,1M.

6.10. Trong mot cbc chtra 100ml dung dich C¢HsNH, 0,01M:

a) Tinh pH cta dung dich.
b) Tinh pH ctia dung dich khi cho thém vao cbc 50 ml HCI 0,01M.
c¢) Tinh pH cua dung dich khi cho thém vao cde 100 m1 HC10,01M.

6.11. Cho vi du vé acid nhi€u nac va sy phan ly cua ching. Viét biéu thirc hang s6 phan ly
cua cic nac.

6.12. Cho cédc amin acid sau: alanin, acid aspartic, thyrosin, lysin (xem phu luc)

a) Hay viét cdc cin bang phan ly cta chiing trong dung dich. Tinh pH..

b) O nhitng pH nao cdc chét trén ton tai trong dung dich & dang trung hoa dién (dang
dang dién) & dang cation, anion.

6.13. Tich sO tan 1a gi? Hiy cho biét mdi lién quan gitra tich s tan va do tan (mol/lit) ctia
chat it tan.

6.14. Tinh d0 tan cua BalCO3 biét T cua né & 25°C 1a 5,1.10_9.
6.15. D tan clia AgyPO, ¢ 18°C 12 1,6.107> M. Tinh T ctia Ag,PO,.
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6.16. T cua SrSO, bing 3,6.1077. Khi tron hai thé tich bing nhau cua hai dung dich StCl,
va K,S0, ¢6 ciing néng do 0,002M thi két tua c6 xuat hién khong?

6.17. Két taa Pbl, ¢6 tao thanh khong khi trdn hai thé tich bing nhau cua hai dung dich Pb
(NO,), va KI

a) béu c6 néng d6 0,01M.
b) Déu ¢6 ndng d6 2.10>M.
6.18. Tinh xem c6 bao nhiéu mol Ag,CrO, s& tan trong mot lit dung dich AgNO; 0,1M,

biét T clia Ag,CrO, bing 9.10712 ¢ 20°C.

6.19. Tinh d9 tan cua BaSO, trong nudc nguyén chét va trong dung dich H,SO, 0,1M, biét
T ctia BaSO, bang 1.10710. Cho nhan xét va két luan.

6.20. Cho céc phuc:
[Co(NH;)¢I™*; [Fe(CN)gI>; [Fe(C,0,);177; [Fe(gly), |*; Fe(gly),.
a) Viét phuong trinh phén ly va biéu thuc tinh K}y, cua cdc phic trén.

b) Hiy cho biét s6 oxy hod, sd phdi trf ctia cdc ion trung tim trong céc phirc trén.

6.21. Thé ndo 1a diém tuong duong? Dic diém chung va vai trd cua chét chi thi trong
phuong phép phan tich thé tich.

6.22.
a) Co s¢ cua phuong phdp phan tich trung hoa.
b) Pic diém cua dudng cong chuin do va nguyén tac lya chon chét chi thi trong céc
phép chuin dd: acid manh bang base manh; acid yéu bang base manh; base yéu bing

acid manh.

6.23. Co s va dic diém ctua phuwong phép permanganat? Ngudi ta ¢6 thé ding phuong phap
nay dé chuan d6 dung dich Ca®, hdy néu nguyén tic ciia su chuan do nay.

6.24. Co s¢ cua phuong phép complexon. Trong phuong phdp nay nguoi ta thuong dung
chét chi thi gi? Hay néu co ché chuyén mau cta chat chi thi d6.

6.25. Khi 1dy 50 ml nu6c ty nhién dem xéc dinh do cimg ngudi ta da chuan do hét 3,60 ml
complexon III 0,02 M. Tinh d§ cirng cua mau nudc do.
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Bai 7
DUNG DICH KEO
MUC TIEU

1. Néu dwoc hai phwong phdp chinh dé diéu ché dung dich keo, phirong phdp tinh ché dung
dich keo.

2. Dién giai qud trinh hinh thanh cdan bang Donnal va néu y nghia cua can bang nay doi voi
hoat dong cua té bao song.

3. Mo ta dwoc thi nghiém cua Tyndall vé hién twong tdn xa dnh sdng cua mot dung dich keo.
Giai thich va néu duoc ung dung cua hién tuwong nay.

4. Trinh bay dwoc cdc yéu 16 quyét dinh dién tich ciia hat keo so dich va than dich. Viét dugc
cong thiec cdu tao cua chiing.

5. Ké ra duwoc cdc yéu t6 lam bén viing dung dich keo va phwong phdp lam déng tu keo.
MO PAU

_Céc dung dich keo gét phd bién trong doi séng va trong nhiéu nganh san xuat nhu dugc pham, thuc
pham, thudc nhu¢m, chat déo, to nhan tao,...

Cdc dich sinh vt nhu: mdu, dich néo tuy, huyét twong... 1a nhitng dung dich keo trong dé protein,
cholesterin, glycogen,... ndm ¢ trang théi keo. Vi v@y cdc h¢ keo c¢6 mot vi trf quan trong trong hoat
dong cua co thé song.

1. PAI CUONG VE DUNG DICH KEO
1.1. Pinh nghia va phan loai keo

Dung dich keo la mét hé phan tdn trong dé cdc tiéu phdn phan tdn cé kich thude tie 1 —100 nm

Theo mirc d6 lién két giita hat keo v6i moi truong phan tén, ngudi ta phan thanh:

1.1.1. Keo thén dich (liophil) 13 keo trong d6 hat keo va phan tir cia mdi trudng phan tdn lién két chat
ch€ v6i nhau, Khi mdi truong phan tén la nudc, ta ¢6 keo than nude (hydrophil). Céc keo thén dich
thuong kha bén, dé lau khong bi dong ty, vi cdc phan tir cia mdi trudong phan tin tao thanh mot 16p vo

bao quanh goi 12 16p vo solvat hay vo hydrat (néu méi trudng phan tan 13 nude).

1.1.2. Keo so dich (liophob) hay so nu6c (hydrophob) khéng c6 16p vo solvat hay hydrat nén kém bén
hon.

1.2. Phwong phép diéu ché dung dich keo

Hat keo c6 kich thudce n,@?lm trung gian gitra kich thudc cua phan tir — ion va hé thd. Vi vay c6 hai
phuong phdp co ban diéu ché dung dich keo.
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1.2.1. Phwong phdp tdp hop

Két hop céc phén tir nho thanh nhiing tiéu phan c6 kich thudc hat keo. Vi du, dé diéu ché keo Fe
(OH)3 nguoi ta nho dan ting giot dung dich FeCl3 vao nudc dang soi. Khi dé cac phan tu Fe(OH)3 tao

ra do phan tng thuy phan sé& tu hop thanh tiéu phan keo Fe(OH);.

1.2.2. Phwong phdp phdn tdin

Nghién nho (bang cbi xay keo) hodc phd VO cac tiéu phén ¢6 kich thude 1on (bang chat dién ly) dé
dat duoc kich thudc hat keo. Vi dy, khi phd két tia xanh pho Fe 4[Fe(CN)6] 3 bang dung dich H,C,0, ta

thu duogc keo xanh phd.
1.3. Phwong phap lam sach dung dich keo

Trong qud trinh diéu ché, dung dich keo c6 thé c¢6 1an nhiing phén tt, ion hay tiéu phan cia hé tho.
Vi vay nguoi ta thuong s dung hai phuong phéap sau day dé loai céc ti€u phan khong phai 1a keo:

1.3.1. Phwong phdp thim tich

Str dung nhirng mang tham tich (vi du mang colodion) cho phép loai nhiing phén tu nho hoéc ion ra
khoi dung dich keo. Vi du khi muon tinh ché mot mau huyét thanh ngudi ta cho né vao mét tdi tham tich
hodc mot dng c6 ddy dugc bit bang mang thim tich. Sau do tii dugc ngdm vao binh chira moi trudong
phén tan (vi du nudc). Cac phan tir nho hoac ion sé khuyech tan dan ra khoi dung dich keo. Lién tuc
thay nudc trong binh ta s& dugc dung dich keo tinh khiét.

H,0 ._:l

Mang thim tich

e HO

Hinh 7.1. Phwong phap tham tich dé lam sach dung dich keo
1.3.2. Phuwong phdp loc

Khdc v6i mang tham tich, gidy loc cho cic tiéu phéan keo di qua dwoc. Vi vdy bang cich loc c¢6 thé
loai cac tiéu phan 16n hon keo ra khéi dung dich cua né.

2. TINH CHAT PONG HQC PHAN TU CUA DUNG DICH KEO
2.1. Ap suét thim thiu

Nhu di biét 4p suat tham thau cua dung dich chat khong dién ly ty 18 thuan véi ndng do mol cua chat
theo dinh luat Van’t Hoff:

n=RCT

http://tieulun.hopto.org



Nhu vy dp suit tham thau ciing ty 18 voi ndng d6 hat trong dung dich.

Trong dung dich phan tir mdi phén tir 12 mot hat (tiéu phan).

Trdi lai trong dung dic keo mdi hat 1a tap hop ciia nhiéu phéan tir. Vi vay véi mot khdi Iuong chét
phan tédn bang nhau thi sd hat {trong dung dich keo s€ it hon nhiéu so v6i dung dich phén tir. Do d6 dung
dich keo uon ludn c¢6 dp suat thAm thau nho hon. Tuy nhi€n céc dung dich keo, dac biét la cic keo

protein lai déng mot vai trd rit quan trong trong sy phan bd céc chit dién ly & céc té bao, mé.

2.2. Can bing Donnal

Donnal chimg minh rang sw trao doi cdc ion chdt dién ly qua mang sinh vdt phu thudc vao logi ion
khong thé tham tich qua mang. D6 la cdc ion R- keo protein.

Gid thiét mang mao mach (mang sinh vdt) nhie mét mang tham tich (mang chi cho cdc tiéu phan
dung dich thyc di qua) ngan doi mot cdi binh. Mot bén mang co dung dich muoi cua protein RNa, bén
kia la mot dung dich chat dién ly, vi du NaCl.

Nuére, cdc ion Na*, CI™ qua mang mét cdch dé dang con ion keo protein R~ khong qua dwoc mang.

Thanh phan liic dau & hai bén mang

() Mirg fII)
R gt Nat -
bed Pl E E

ava b la nong do liic dau.

Sau mét thoi gian trao doi, khi dat ti can bang: goi la can bang Donnal. Néu x 1a lwong cdc ion
chay tw phai sang trdi. Ta co:

(r) Mang {Ir)
i Nzt ( Nzt -
a le+=) =x b —x) (b —x)

Theo Donnal cén bang dat dwoc khi tich s6 néng dé cdc ion khuyéch tdn & 2 phia ciia mang bang
nhau nghia la:

[ Na*]. [Cl"] = [Na*]. [ClT]
I I/ 11 11

Hay (a+x)x=(b-x)(b-x)
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bE

Tir dd r=
a+2b
x L
Ha — =
d b a+ 2h

Nhuw vay = 7 * la phan chdt dién ly dwoc chuyén tir phdi sang trdi.

Khi b << a (néng dé chat dién ly it hon nong dé chat keo rat nhiéu) thi g = 0, nghia la hdu nhuw

khéng cé chat dién ly di qua mang.
Khi b >> a thi g L é nghia la chat dién ly dwoc phan bé déu & hai bén mang. Khi b = a ta ¢6

lirong chdt dién ly da di tir phdi sang trdi.

B |
bt | e
‘-'Jlm.

Nhae vy, lwong chat dién ly chuyén qua mang phu thuéc vao lwong chdt keo va chat dién ly.

Trong cdc trwong hop, ¢ trang thdi can bang, nong do cdc ion dién ly trong dung dich keo déu lom
hon trong dung dich tiép xiic voi no.

Twong tu, déi véi cdc té bao, sw co mdt cua cdc muoz cua protein RNa sé anh hu“ong rdt I6n dén su
phadn bé chdt dién ly trong va ngodi té bao va do dé quyét dinh dp sudt tham thdu ciia té bao.

Khi té bao tiép xiic voi dung dich chat dién ly ¢é ion chung v0i protein thi thong thuong sé cé mot
lirong nhat dinh chdt dién ly di chuyén qua mang vao trong té bao. Do do dp suat tham thau trong té
bao sé lon hon so voi dung dich bao quanh nd. Chinh vi vdy cdc 1é bao giir dwgc sy cang phong ngay cda
trong nhirng dung dich dang truong. Trong nhiing dung dich nhuoc truong van c6 mét lwong nhat dinh
chat dién ly (muéi) tir ngodi di vao té bao. Piéu dé lam cho té bao c¢é thé hoat ddng mot cdch binh
thuong.

3.SU SA LANG

’Tiéu phan keo 16n hon cdc phén tir ciia dung dich thuc rat nhidu nén c6 khéi luong dang ké so véi
khoi lugng cia phan tu.

Trong dung dich keo cic tiéu phén keo chiu tdc dung cuia hai lyc nguoc chiéu nhau: trong lyc va
khuyéch téan.

Khi hai lyc nay bang nhau thi dung dich keo & trang théi goi 1 cn bang sa ling. Khi d6 dung dich
keo bén virng.

Khi trong lyc 16n hon luc khuyéch tan thi cdc tiéu phan keo bi kéo Xuéng day voi mot tde do xdc
dinh. Qua trinh nay goi 1a su sa lang.

Nguoi ta da thiét lap rang, tdc do sa ling cua cdc tiéu phan ty 1¢ thuan véi binh phuong ban kinh cia
n6, hiéu ty khéi ciia chat lang va moi truong va ty 1é nghich véi do nhét cia moi trudng theo biéu thirc:
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, o218 T(]dl—dgj o

v: Tdc d6 sa lang
r: Ban kinh tiéu phan (néu coi tiéu phan c6 hinh cau).
d;;d,: Ty khéi twong tng ctia chat sa ling va ciia moi trudng.
N : D) nhdt ctia moi truong.
Néu khoi liwong tiéu phan keo la m thi lyc tdc dung lam nd ldng xuong la:
f=mg
g: gia toc trong truwong.
Vim=Vd,
V: thé tich tiéu phan keo, d,: 1y khoi ciia chat keo. Tir do:

f=Vvd,g

Néu ty khoi ciia dung méi d, la ddng ké so véi d  thi tiéu phan keo con chiu mét e day tir dudi lén
bing Vd,g. Khi dé lyc f la:

f=Vd,g-Vd,g=V(d;~d,)g

Mat khdc khi chuyén dong voi 16c dé v tiéu phan keo ban kinh r ( néu coi nhw ¢é hinh cau ) sé€ chiu
mot luc can do ma sdt:

VIERY 2/ AY
n : do nhot cua moi truong.
Khif=f, hayV(d,- d,) g =6xrnvthi tiéu phan keo chuyén déng déu véi toc do v:

e Vid, -d,)g
aTry

Thay gid tri cua V = ; 7 rta cé:

(7.2)
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2
ar‘-' (d,-d,)g

=
I

Néu ldy gia toc trong truong g = 980cm/s® ta cé (7.1)

Kich thudc cua tiéu phan keo 16n hon kich thudc ciia phan tir rat nhiéu nén d& bj sa ling hon dung
dich thyc. Tuy nhién, néi chung t(f)c d6 sa ldng ctia cdc phan tir keo ciing rat nho. Nhiéu khi ta can 1am sa
ling dung dich keo dé tich cdc tiéu phan keo ra khoi moi truong phén tan. Trong nhiing trudng hop nay
ta phai dung dén cdc mdy ly tim hay siéu ly tim. M4y siéu ly tim lan dau tién dugc Svedberg st dung
Céc mdy si€u ly tdm cho phép tao ra mdt lyc ly tam khoang tu 1.000.000 lan vuot qua trong luc, voi o
vong quay dat dén 140.000 vong/phit. Nho cdc may nay dung dich keo bi sa lang nhanh hon.

Téc dp sa ldng cua tiéu phdn trong mdy ly tam dwoc tinh theo biéu thirc:

2 r¥d, —d)a x
o (7.3)

=

A

Trong dé gia toc trong trwong g dwoc thay bang gia téc ly tam @x

Bang cdch do tdc do sa lang va tir cac b1eu thire (7.2) hay (7.3) ta ¢6 thé xdc dinh dugc kich thudc
ctia nhirng tiéu phan khéc nhau, vi du c¢6 thé xdc dinh ban kinh r cta tiéu phén theo:

= Oyvh
2(d-d,z

va tir d6 c6 the tinh dugc khoéi lugng va nong dd cta ti€u phan.

Phuong phdp phén tich sa ling bang mdy siéu ly tim rat can thiét dé xdc dinh kich thudc cdc tiéu
phan keo sinh vat ma thong thuong céc kinh siéu vi cling kh6 nhan thay.

Téc do sa lang cta hdng cau thuong bj thay dbi mot cich dang ké trong nhirng trang thdi bénh Iy. Vi
vay viéc xdc dinh dai lugng nay cling déng gép cho chan doan.

4. TINH CHAT QUANG HQC CUA DUNG DICH KEO

4.1. Hién twong Tyndall (Tindan)

Nam 1859 khi chiéu mot chum tia sang qua kinh hoi
tu vao dung dich keo Tyndall thay mét hinh nén cut sang
duc. Phan nén cut dé dugc goi 1a hinh nén Tyndall (hinh
7.2).

Su hinh thanh hinh nén Tyndall 1a do céac tléu phan
keo lo ling tdn xa nhing tia sang dép vao nd bién thanh
nhing d1em sang. Nho cé nhung diém sing d6 ma ta c6
thé trong thdy dugc dudng di cua tia sing bén trong dung
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dich keo.

Rayleigh (Raylay) da giai thich hién tuwong Tyndall
nhu sau: Anh sdng 12 nhitng séng dién tir dwgc dic trung /
bang d6 dai séng A. Tuy thudc vao tu’orng quan gilra A cua {:ﬁ»
4nh sang va kich thudc tiéu phan ctia chat phan tin ma céc \.
tia sdng gap trén duong di cia nd, ta c6 cac hién tugng
khéac nhau.

Hinh 7.2. M6 ta hién twong Tyndall

Khi kich thudc tiéu phan 16n hon A cta 4nh séng thi céc tia sdng bi phan xa trén bé mit tiéu phan
dudi nhitng géc xac dinh. Trudong hop nay xay ra trong cac h¢ thd (hinh 7.3 a).

Khi céc tiéy phan c6 kich thudc bé hon A ctia dnh sdng thi xay ra hién tuong tdn xa. Céc tia sdng bi
tdn xa tur c4c ti€u phan ra moi hudng (hinh 7.3.b).

Budc séng A ngin nhét cia chiim tia sdang nhin thay 12 400 nm. Con kich thudc 16n nhit cia céc tiéu

l;\ ctia cdc tia sang vung nhin thiy vi vy cédc hat keo ludn giy ra

2
hién tuong tan xa dnh sang (hinh 7.3 ¢).

phan keo 1a 100 nm nghia la bé hon

Nhirng tiéu phan 12 phan tr hodc ion khong gy ra hién tuong phan xa hay tin xa vi kich thuéc cia
n6 qua nhod so voi A .

A >
—— —¢— o >
/ 1"“ g
ek e ll = A
) d c)
k)

Hinh 7.3. Twong quan giira bwéc song anh sang t&i va kich thwéec tiéu phan

Rayleigh da dua ra cong thic tinh cudng do anh sdng tén xa [, khi chiéu qua dung dich keo chira

cac hat keo hinh cau.

v
I—KI";J—“

K: hé so
I cuong do dnh sdng 101

Y: néng do hat ( 56 hat trong mot don vi thé tich )
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A : Budc séng cua dnh sdng toi
V: thé tich hat

Qua cong thuc trén ta thé:ly cuong do dnh sdng tdn xa phy thudge vao thé tich hat nghia 13 phu thudc
vao kich thude ti€u phan. Do6i v6i céc dung dich thye, phan tir rat bé nén khong ¢6 sy tan xa vi vay ta
khong thé nhin thay dudng di cia tia sang.

4.2. Ung dung ciia hién twong Tyndall va biéu thirc Rayleigh

Néu ta ding ngudn dnh sdng nhat dinh (I, va A khong d6i) chiéu vao dung dich keo c6 kich thudc
tiéu phan bang nhau (V khéng dbi) thi theo biéu thirc Rayleigh I, chi con phu thudc vao ndéng do hat .

Dua trén nguyén tic dé ngudi ta ché tao ra mdy do do duc (nephelometer) cho phép do cudng d6 anh
sdng tan xa, tur d6 tinh duoc néng do dung dich keo.

Nho hién twong Tyndall ngudi ta ¢6 thé nhin thay va dém duoc cdc hat keo qua mot dung cu  quang
hoc khéc la kinh siéu vi (ultramlcroscope) Trong kinh si€u vi dnh sang khong chleu thing vao mat
ngudi quan sit nhu kinh hién vi thudng ma duoc chiéu tir phia bén vat quan sat. Céc dyng dung dich
keo c6 ddy va thanh mau den chura hai ctra dé 4nh sang di vao. Do céc tiéu phén keo tdn xa dnh sdng ma
ta c6 thé nhin thiy va dém duogc cédc hat keo chuyén dong lap lanh trén mot nén den. Biét nong do kh01

luong cua dung dich keo ta tim duoc khéi lugng m cua tiéu phan keo va thé tich cua hat keo. Néu tiéu
phan 12 hinh cau ta tinh dugc ban kinh r.

5. TINH CHAT PIEN HQOC CUA DUNG DICH KEO

M0t trong nhitng nguyé€n nhén tao cho dung dich keo bén virng 1a cdc tiéu phan keo tich dién cling
dau do d6 ching luén day nhau.

bi¢n tich trén cac hat keo dugc hinh thanh theo nhiing ciach khiac nhau tuy thudc vao ban chét cua
chat phan tan, cach thac tao ra dung dich keo, moi trudng phan tan.

Ching ta léy 2 vi du vé sy hinh thanh dién tich trén hat keo so dich va keo than dich.
5.1. Céu tao va sy hinh thanh dién tich ciia hat keo so dich. Vi du keo Agl

Keo Agl duogc diéu ché bang cdch nho tir tir timg giot dung dich KI vao cdc dung dung dich AgNO;,,
khi d6 xay ra phan ung:

AgNO; +KI — Agl + KNO,

Mot s nhat dinh phén tir Agl két hop v6i nhau tao ra nhin keo khong mang dién tich. mAgl = (Agl)

Do nhin c¢6 bé mit ty do 16n nén né c¢6 kha nang hap phu mot trong céc loai ion don con du thira
trong dung dich, né s& wu tién hap phu ion nio ¢ trong thanh phan ciu tao cta nhén, trong truong hop

nay laion Ag*
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(AgD)  +nAg" = (Agl) .nAg"

Cic ion nay phan b quanh nhén tao thanh mot 16p goi 12 16p hap phu. Lép hip phu mang dién tich
nén c6 kha nang thu hiat mot sb ion nguoc diu véi n6 tao thanh 16p ion ddi (n—x)NO;™.}

(AgD), - nAg* + (n—x) NO;™ = { [(AgD),,- nAg*. (n—x) NO;71} X+

Toan bd nhan, 16p ion hdp phu va 16p ion dbi tao thanh hat keo mang dién tich.

Mot sé, jon d6i con lai bi hat keo hit mot céch yéu ot nén chuyén dong tuong ddi tu do va duoc goi
la 16p khuéch tan. Hat va 16p khuéch tan dugc goi la mixen.

{ (AgD),, nAg" (n-x) NO;] 3 . ¥ NO,~

Nhén ion hép phu 1on d&: s
- Hat y Lép khuéch tan
N J

Ty
Llicell (Mixen)

Hat keo mang dién tich duong khi ion hap phu tich dién dwong va nguoc lai hat keo s€ mang dién
am khi ion hap phu tich dién am. Trong cong thirc cAu tao nay chr m cho biét s6 phan tir cau tao nén
nhan, chit n cho biét sé ion hap phu, thong thudng n bé hon m rat nhiéu. S ion dbi ciing 12 n nhung chi
¢6 (n — x) ion dbi nam trong hat (tao thanh 16p ion ddi) con x ion dbi nam trong 16p khuéch tan. Chir x
dtng ngoai va phia trén diu méc tng véi ddu + chi s luong va diu caa dién tich hat keo.

Whén keo

Lépion hdp phu

Lép ion dfl

Lép khuéch tén

Hinh 7.4. C4u tao hat keo so dich Agl

Ciing c6 thé tao ra keo Agl mang dién tich 4m theo cdch tién hanh nguoc lai, nghia la nho tung giot
dung dich AgNO; vao dung dich KI. Trong diéu kién nay ludn c6 du K1, khi 4y hat keo c6 ciu tao:

{ [(AgD,,. nl. (n-x) K¥]} %~

5.2. Céu tao va dién tich ciia hat keo than dich— keo protein

Phan tir protein dugc tao ra tu nhiéu acid amin. Dién tich cua hat keo protein dugc quyét dinh bo1 su
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dién ly cua cdc nhém chirc cua acid amin & mach nhanh cua chuoi polypeptid.

Ta hdy biéu dién mdt phan tir protein (mdt tiéu phan keo nhu & hinh 7.5. Cic acid amin ¢ mach
nhanh c6 thé c¢6 tan ciing 12 cdc nhém ion hod —NH3+ hodac —COO™ tuy thudc vao pH ctia mdi truong

H,N" COOH H,N" coo- H,N coo-
™ + -~ -

H,N* coon —4H H,N Cco0- Z8H mgN— CO0"

H,N" COOH H,N* 200 H,N" CO0

H,N* COOH H,N* SO0 H.N* o0
dang cation ¥ dang d&ng dién dang anion &
pH=< pHi pH= pHi pH=pHi

Hinh 7.5. Mé hinh cau tao keo than dich protein va cac dang ton tai & nhirng pH khac nhau

Néu s6 lugng cdc nhom cation va anion bang nhau thi dién tich ctia phan ti protein bang 0 hay
nguoi ta ndi né ¢ dang dang dién.

Trong céc dung dich dém c6 pH khéc nhau phan tir protein c6 thé ton tai dudi dang cation hoic
anion.

Nhu Vay, tuy theo pH cua moéi truong, ban chat ciia protein, tiéu phan keo s& mang dién tich c6 ddu
khac nhau va trj s6 dién tich khac nhau.

PH tai do phén tir protein khong mang di¢n dwoc goi la pH ding dién ciia protein ky hiéu la pHi.
Duéi day 1a pH dang dién ctia mot s6 hat keo than dich.

Casein 4,6

Gelatin 4,7
Albumin trung 4.8
Hemoglobin 6,7

Trong nhiing dung dich dém c6 pH < pHi hat keo protein s€ mang dién tich duong va nguoc lai, &
nhitng pH > pHi hat keo mang dién tich am.

Trong hod sinh nguoi ta Gmg dung hién tuong di chuyén céc phén_tr protein nhu albumin, globulin
cua huy€t thanh dudi tic dung cua dién truong d€ phén tich thanh phén cua ching trong huyét thanh &
nguoi binh thuong va ngudi bénh dé chan dodn va theo doi bénh.

Phuong phdp phan tich trén goi la phuong phdp dién di.

6. PO BEN VUNG VA SU PONG TU KEO

Trong dung dich keo céc hat keo mang dién ciing ddu do vay chiing diy nhau. Ngoai ra dbi véi hat
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keo than dich con c6 mot 16p vo solvat hay vo hydrat bao boc. P6 chinh la nguyén nhan lam cho céc
dung dich keo kha bén viing. Khi loai trir cic nguyén nhan dé thi xay ra su két tu cac hat keo thanh
nhitng hat 16n hon. Qua trinh dé goi 1a sy dong tu keo.

Céc keo so dich thuong bi dong tu dudi dang }(ét tua. Céc keo than dich khi dong tu con kéo theo
céc phan tir cia moi truong phan tdn va c6 dang nhay.

Dé 1am dong tu mot dung dich keo c6 thé c6 nhitng cdch sau déy:
— Pong tu dudi tic dung ctia cdc chit dién ly. Cic hat keo hap phu cdc dién tich trdi dau lam giam

hodc mét di dién tich va bi dong tu. Vi du, khi cho vao keo hydroxyt sét (11D mang dién duong mot
luong Na,SO, vira da s€ nhén thay ket taa Fe(OH)3.

— DPong tu dudi tic dung cua keo trai dau.
— Péi véi keo than dich ngoai viéc dung chét dién ly nguoi ta con c6 thé loai 16p vo hydrat bang céc
tdc nhan hit nudc nhu con. Dac biét doi vadi keo protein cé theé lam dong tu bang cach diéu chinh pH dén

pHi cua keo. Khi d6 hat keo s€ khong mang dién tich.

— Dong tu dudi tic dung cua nhi€t. Vi nhitng keo khong bén v&i nhiét vi du cic keo protein c6 thé
lam dong tu bang dun néng.

7. SU PEPTI HOA
Qua trinh mot két tha keo lai chuyén thanh dang keo dudi téc dung cua mot chit dién ly dugc goi la
su pepti hod. Trong truong hop nay, do cic hat két tiia keo hap phu cing mdt loai ion nao d6 cua chat

dién ly lam cho né mang dién cung déuq, day nhau va lai phén tan vao dung dich. Vi du khi nhé dan dung
dich H,C,0, vao ket tua keo xanh Phg, ta thu dugc dung dich keo nay. Su pepti hoa dugc sir dung dé

diéu che keo.

CAU HOI TV LUONG GIA
7.1. Hiy néu nhimng phuong phdp co ban dé diéu ché dung dich keo. Cho vi duy.

7.2. Mang tham tich khdc mang thdm thdu ¢ chd nao? Hiy néu cic phuong phdp lam sach
dung dich keo.

7.3. Hay cho biét:
— Trong diéu kién nhu thé nao thi c6 cin bang Donnal.
— Nhitng két luan rit ra tir cAn bang Donnal.
— Y nghia ciia cAn bang Donnal d6i v6i hoat dong cua té bao.

7.4. Thé nao 12 sy sa 1ing? Tai sao phai ding cdc mdy siéu ly tim dé lam sa ling dung dich
keo?
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Ung dung cua sy sa ling trong nghién ctru keo.
7.5. Mo ta va giai thich hién tuwong Tyndall.
Biéu thtic Rayleigh vé tdn xa anh sdng va ing dung cua hién tugng tin xa.

7.6. Giai thich tai sao khi nhin mat troi vao budi rang dong va hoang hon lai thdy mit troi
rat do?

7.7. Vé nguyén tac kinh siéu vi khédc véi kinh hién vi thuong ¢ diém nao?

7.8. Dién tich trén hat keo so dich dugc hinh thanh nhu thé nao? Dau dién tich hat keo so
dich do thanh phan nao cuia hat keo quyét dinh.

7.9. Viét cong thuc cAu tao ctia Mixen, cho biét diu dién tich cta hat keo dugc diéu ché
theo c4ch sau day:

Keo xanh phé Fe 4[Fe(CN)6] 3
+ Nho mdt vai giot dung dich FeCl, vao cbe dung dung dich K, Fe(CN)g.
+ Nho mdt vai giot K 4Fe(CN), vao coe dung FeC13.

Keo sit III hydroxyt Fe(OH),

+ Thuy phén FeCl, trong nudc dun s6i (c6 du ion Fe3*).

7.10. Yéu t6 ndo quyét dinh sy hinh thanh dién tich trén hat keo protein, yéu t6 nao quyét
dinh dau cuia hat keo protein? pH dang dién cua keo protein la gi?

7.11. Hat keo gelatin c6 pH; = 4,7. Hoi dua n6 vao dung dich dém c6 pH = 7 thi n6 s€ di
chuyén vé dién cuc nao trong 1 dién trudng.

7.12. Néu nguyén tic va tng dung cua phuong phap dién di.
7.13. Nhitng nguyén nhin nao lam cho mét dung dich keo néi chung twong d6i bén viing?

7.14. Thé nao 1a hién tuong dong tu keo? Mudn lam déng tu keo c6 thé dung nhitng cich
nao?

7.15. Giai thich hién tuong bdi dip phil sa & céc cira sdng.

7.16. Thé nao 1a su pepti hod? Gmg dung cua sy pepti hod.

Bai 8
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PIEN HOA HOC

MUcC TIEU

1. Sir dung duwoc bang thé oxy hod khir tiéu chudn dé chi ra chiéu ciia mét phdan vmg oxy hod
khat.

2. Gidi thich dwoc sw xuat hién thé dién cuc va viet duwoc cong thiec suat dién dong cua nguyén
16 ganvanic.

3. Mo ta va viét duoc cong thiec thé dién cuc cua mot so loai dién cuc thwong sw dung trong
dién hod hoc.

4. Néu dwoc nhitng nguyén tic chung sir dung nguyén té ganvanic trong viéc xdc dinh pH bdng
phuwong phdp dién hod.

5. Viét dwoc so dé dién phan néng chady va dién phan dung dich mét sé chdt dién hinh.
MO PAU
Ning lugng hoa hoc c6 thé chuyén thanh dién ning trong cdc pin.

Nguoc lai, duoi tic dung ctuia dong dién (sy dién phan) mot phan rng hoa hoc lai c6 thé duoc thuc
hién. D6 1a hai mdt tuong quan gitra hod nang va di¢n nang.

1. PHAN UNG OXY HOA - KHU
1.1. Pinh nghia:

Phan (g oxy hod — khir 1a phan tmg trong d6 ¢6 sy thu va nhuong electron va do d6 lam thay d6i sd
oxy hod cua cdc nguyén to.

Vidu:

u] + 1] +2
Zn + CusD, — Cu+ b0,
-2 +2 -1 0
CoH,OH+ Cull— CH,CHO+ Cu+H,O
Trong phén (g oxy hod — khir it nhat c6 hai cap oxyhod — khtr. O hai vi du trén ta c6 céc cap:
Zn**/Zn; Cu®*/Cu va CH,CHO/C,H.OH; Cu**/Cu

Dang oxy hod la dang c6 s6 oxy hod duong hon va duogc viét trudc. Dang khir ¢6 s6 oxy hod nhd
hon va duoc viét sau.

1.2. S6 oxy hoa
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S6 oxy hod duoc quy udc la dién tich cua nguyén tir trong phan tir khi gia dinh rang cip electron
diing chung dé lién két v6i nguyén tir khdc trong phén tir chuyén han vé nguyén tir ¢6 d6 4m dién 16n
hon.

Pé tinh sb oxy hod ctia mot nguyén t can luu y:

e S6 oxy hod c6 thé 1a sb duong, 4m, bang 0 hay 1a s 1¢.

e Sb oxy hod ctia nguyén t6 trong don chét bang 0.

® Mot s6 nguyén td c6 sb oxy hod khong ddi va bang dién tich ion cia nd.

— H, céc kim loai kiém c6 s6 oxy hod +1 (trong NaH, H ¢6 sb oxy hod —1)

— Mg va cic kim loai kiém thé c6 s6 oxy hod +2.

— Al ¢6 s6 oxy hod +3; Fe ¢6 hai s6 oxy hod +2 va +3.

— 0 ¢6 56 oxy hod -2 (trong H,0,, O ¢6 s6 oxy hod —1)

e Tong dai sb s6 oxy hod ctia cdc nguyén tir trong phén tir bang 0.

Vidu:

4+l -l +1 +Hi-2

Zn, CL, NaCl, K,S0,, NaSO,, Ma§,0,, KMaO, ILQJ,

+ -2 -1 -0 +3
CQ,, C,H.CH, CJH,0(CH,CHO), CJH,0,(CHCOH), HC,O,

1.3. Céan bang phén tng oxy hoa — khir
Dé can bang phan tng oxy hod — khir ngudi ta thue hién mot sb bude sau day:
e Xét su thay d6i sd oxy hod cua cdc nguyén to.
o Viét phuong trinh thu nhudng electron, tir d6 xac dinh h¢ s6 cuia phuong trinh ion rit gon.
e Can bang phuong trinh phan tir.
Vidu:

Can bang phuong trinh phan tng:
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+7 +4 +2 +Hi
KMnO, +Na,S 0O, +HS0, =MnSO, +K 80, + Na,§0, +H,0

2Mn* + 52 — Mn®
508" - 28 —=8*

IMnt + 58 —2Mn® + 58%
IEMnO, + 5N=,80,; + 3H,80, — IMnS0, + K,80, + 5N=,%0, + 3H,0

1.4. Puong luwgng gam ciia chit trong phan ing oxy hoa — khir

Trong phan tmg oxy hod — khir duong lugng gam cia mot chat dugc tinh bang khdi lugng mol ctia
chét d6 chia cho sd electron ma mdt phn tir chat d6 cho hodc nhan. Vi du trong phan tng trén:

M M

R0, T o ENazso, = o

1.5. Thé oxy hoa — khir va chiéu hwéng ciia phan éng oxy hoa — khir

Thé oxy hoa — khtr 12 dai luong dic trung cho kha ning tham gia vao phan tmg oxy hoé khu (kha
nang cho nhén electron) cua mot cap oxy hod — khtr nao do6. The oxy hod — khur ky hi¢u el goi 1a thé
chuan do dugc bang céch so séanh véi thé cta dién cuc hydro chuan (bang 8.1).

Cap c6 thé oxy hod — khtr cang 16n (cang dwong) thi dang oxy hod ctia né cang manh va dang kht
cang yeu.

Cic cip oxy hod — khir phan ing v6i nhau theo quy tic sau:

Dang oxy hod manh ciia cdp nay phdn wng voi dang khir manh cua cdp kia hay dang oxy hod
cua cdp co & cao phan iing véi dang khir ciia cdp c6 thé thap.

Vidu:

u]

Zn+ Cult —= Zn®t+ Cu vi ECLF*;":: Ez:ﬁﬂ'zu

kim loai manh déy kim loai yéu ra khoi dung dich mubi

+ I+ 0 o
Mg+ 8H" — Mg'™ +H, i Savm ® Cagtng

kim loai hoat dong ddy hydro ra khoi acid.

]

0 A 3 N u]
Phan Gng Cu +2H" khong xay ravi €. i G

BANG 8.1. THE OXY HOA — KHU TIEU CHUAN (298°K, PH = 0)

Cap oxyhoa - khtr Phan wrng e (V)
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Lit+/Li

K+/K

Ba’*/ Ba
Ca?*/Ca
Na*/Na
Mg?*/Mg
AIR+/A
Zn0,2/Zn
S0,2/S0,%
2 H,0M,
Zn?*/Zn
Cr3*/Cr
250,27/S,0,2
S/S%-
Fe?*/Fe
Cr3+/Cr2+
Co?*/Co
Ni2*/Ni
Sn?+/Sn
Pb2+/Pb
Fe3*/Fe
2H*/H,
NO, /NO,~
Cu?+/Cu*

Sn*+/Sn2+

Cu?*/Cu

Fe(CN)¢/ Fe(CN)#~

Lit+e
K*+e
Ba®* + 2e
Ca®* +2e
Na* + e
Mg?* +2e
AR+ 1 3e

Zn022‘+ 2H20+26
S0,% + H,0 +2e
2H,0 +2e

Zn2* + 2e
Cr3* + 3e

250,% + 3 H,0 + 4e

S+2e
Fe?t + 2e
Critt+e
Co* +e
Ni%* + 2e
Sn?* 4+ 2e
Pb%+ + 2e
Fed* + 3e

2H* + 2e
N03_ +H,0 + 2e

Cu?t +e
Sn* + 2e

Cu?* + 2e

Fe(CN)®~ +e

Li
K
Ba
Ca
Na
Mg
Al
Zn + 40H"
8032‘ +20H~
H, + 20H~
Zn
Cr
S,0,2" + 60H"
S?-
Fe
Cr2+
Co
Ni
Sn
Pb
Fe

H2
NO,™ +20H-

Cu*
Sn2+

Cu

Fe(CN)g*™

-3,01
—2,92
—2,90
—2,87
—2,71
-2,36
-1,85
~1,66
-0,93
-0,83
-0,76
-0,74
-0,58
—0,51
-0,44
—0,41
-0,28
-0,25
-0,14
-0,13
-0,04

0,00

+0,01

+0,15
+0,15
+0,34

+0,36
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0,/OH-
Cu*/Cu

/21~

MnO, /MnO,>~
MnO,~/MnO,
0,/20"
Fed+/Fe?*
NO, /NO,
Ag*/Ag
2Hg2*/Hg,%*
NO,/NO
HNO,/NO
Br,/2Br-
2NO,/N,O
10,771,
0,/202"
MnO,/Mn?*
0,/0,

2NO, /N,
Cr,0,27/Cr3+
Cl,/2Cr
Aut/Au
PbO,/ Pb2+

MnO,~/Mn2*

MnO,~/MnO,

O, +2H,0 + 4e
Cut+e

l, +2e

MnO,~ +e

MnO,™ + 2H,0 +3e
O, + 2H* + 2e
Fedt +e

NO;~ +2H* + e
Ag* +e

2Hg?+ +2e

NO;™ + 4H* + 3e
HNO, + H* + e

Br, +2e

2NO;™ + 4H* + 8e
IO5™ + 6H* + Se

O, + 4H* + 4e
MnO, +4H* + 2e
Og +H,0 + 2e
2NO4™ + 6H* + 10e
Cr,0,27+14H* + 6e
Cl, + 2e

Au®t + 3e

PbO, + 4H* + 2e

MnO,™ +8H* + 5e

MnO4_ +4H* + 3e

40H"
Cu
21~
MnO, %~
MnO, + 40H"~
H,O,
Fe2+
NO, + H,0
Ag
Hg,2*
NO +2 H,0
NO + H,0
2Br-
N,O + 2H,0
1/2l, + 3H,0
2H,0
Mn2* + 2H,0
0, + 20H"
N, + 3H,0
2Cr3* +7H,0
2CI~
Au
Pb%+ + 2H,0
Mn2+ + 4H,0

MnO2 + 2H20

+0,40

+0,52

+0,54

+0,54

+0,59

+0,68

+0,77

+0,78

+0,80

+0,92

+0,96

+1,00

+1,07

+1,12

+1,19

+1,23

+1,23

+1,24

+1,24

+1,33

+1,36

+1,42

+1,46

+1,51

+1,70
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Aut/Au Aut +e — Au +1,70
H,0,/2 H,0 H,0, + 2H* +2e — 2H,0 +1,78
Co3*/Co?* Co®* +e — Co?* +1,81
F,/2F- F,+2e - 2F- +2,86
F,/2F~ F,+2H" + 2e — 2HF +3,06

2. PIN HAY CAC NGUYEN TO GANVANIC

Pin hay con goi la cac nguyén t6 ganvanic 1a thiét bi cho dong dién mot chiéu nho phan timg hoa hoc
xdy ra trong no, thiét bi chuyén nang luong hod hoc (hod nang) thanh dién nang.

2.1. Pin Danien — Iacobi (Daniells — Iacob)

Pin Daniells — Iacobi (hinh 8.1) gém hai dién cuc: dién cuc 4m
la thanh k&m nhuing trong dung dich ZnSO, va di¢n cyc duong la

thanh ddng nhiing trong dung dich CuSO,. Hai dung dich dugc

ndi v6i nhau bang mot cau mudi KCI trong thach dan dién & mach =
trong. Khi hai dién cyuc duoc nbi v6i nhau bang mot day din kim
loai s& xuat hién mot dong dién tir cuc dong sang cyc kém, nghia
1a c6 mot dong electron tir cuc k&m chuyén sang cuc dong. R

Pin nay dugc ky hiéu nhu sau: T

5 5 10 i
—-7Zn/Zn=* // Cu“t / Cu+
. . n e ain \ . . Hinh 8.1. So d6 cau tao
Khi pin hoat ddng, trén cac dién cuc xay ra cic phan ung: nguyén té Daniells — lacobi
O cuc am: Zn —2e — Zn**

CuP+2e — Cu
Zrn+ Co*t — Zn*t + Cu

O cuc duong:

Phan mg nay cling xdy ra khi nhing mét thanh Zn vao dung dich CuSO, tuy nhién ¢ day khong thu
dugc dong dién.

Vi vay muén thu dugc dong dién phai thuc hién sy oxy hod va sy khir & hai noi tich biét nhu da xay
ra trong pin.

Trong pin, electron chuyén tir cuc am sang cuc duong, gitta hai cuc phdi c6 mdt hi¢u dién thé. Vay
dién thé trén dién cuc duogc tao ra nhu thé nao?

2.2. Sw xuit hién thé dién cuc
Khi thanh kim loai dugc nhiing vao dung dich chtra ion cta n6 thi rat nhanh chéng c6 can béng:
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Me — ne == Me™
Tuy thudc vao ban chat cua kim loai va ndng d6 ion c6 thé xay ra hai truong hop.

— Nguyén tir kim loai (thuong la kim loai hoat dong, vi du Zn) tich khoi mang ludi kim loai di vao
dung dich dudi dang ion hydrat hod (Men+.xH20) va dé lai trén kim loai cdc electron. Céc ion duong
chu yéu tap trung ¢ 16p dung dich ndm sét bé mit kim loai.

— C4c ion kim loai (thuong la kim loai kém hoat | 7
dong, vi du Cu) tr dung dich bam Ién thanh kim
loai, va do d6 16p dung dich sét bé mat kim loai du
thira ion am.

A

s — |

Trong ca hai truong hop 16p dung dich sat bé — %:— - —%
mgt va bé mat kim loai tao nén mdt 16p dién kép, - |
giong nhu hai ban cua mot ty dién. Gilra hai ban do 7k — —
c6 mdt hi¢u dién thé va duoc goi la thé dién cuc, ky
hi¢u la €.

[QTDD
®

Hinh 8.2. Sy hinh thanh I&p dién kép trén dién cuc
2.3. Cong thirc Nec (Nernst)
C6 thé biéu dién phan tng téng quét trén mot dién cuc bat ky nhu sau:
Ox + ne — Kh

Nec da rit ra cong thuc thé dién cuc (ky hiéula e ):

g=g" +E ln—[O}{:|

[Kh]
€ : Thé dién cuc.
e0: Thé dién cuec tiéu chudn hay thé oxy hod ciia cdp Ox/Kh
R: Hang s6 khi = 8,31jun/mol.K
T: Nhiét dé tuyét doi
F: S6 Faraday 96500°C
n: S6 electron thu hay nhwong trén phdn vmg dién cuc.
[Ox], [Kh] twong wng la néng do dang oxy hod va dang khu.
Néu thay gia tri da biét ctia F va R vao phuong trinh trén ta dugc sy phu thude cua thé dién cuc vao

nhiét do:
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o T, [Ox]

e=g"+3.10
n [Kh]

O nhiét do T = 25 + 273 = 298°K va khi chuyén In thanh lg thi phuong trinh Nec ¢6 dang:

o G059 [Cx]
ge=g"'+ —— g —
n [Kh]
Vidu:
Déi voi dién cuc déng:
Cu?* +2e - Cu
a 0,059 [Cu®] . _
Bz =8 g + | [Cu] coinhu =1
ol Cutt T 2 E [CU]
Khi d6 .0 0,059 .
ido Sarion = Fogvon T _2 lg [Cu™]

Tuong tu nhu vay doéi vai dién cuc kém:

7Zn —2e — ZnZ*

_ 0,059 .,
Ezf*m = B oapm + 2_15 [Zn 4]

2.4. Strc dién dong cia pin

Stre dién dong cua pin l1a hiéu dién thé cuc duong va hiéu dién thé cuc am. Pién cuc duong la dién
cuc ¢6 thé 16n hon.

Vidu:
Dbi véi pin Daniells— Iacobi ta c6:

o o 0,059 1 [Cu®]

E= ECLLE"'."CLL - Ean"En =8 cuft o T = FotHFo 2 E [zn2+]

2+
hay g oy 0099 [Co*]
[Zn**]

B = g':'c B g':'z 2o goi 1a stic dién dong tiéu chudn cia pin.

D6 1a strc dién dong khi ndng do cua ion ¢ dién cuc bang 1.
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2.5. Nguyén t6 ndng dé (pin nong dj)

Ciling c6 thé tao ra mdt pin tir hai dién cuc kim loai gléng
nhau, vi du 2 dién cuc ddng, nhdng trong cdc dung dich dong
sulphat ¢6 néng d6 khac nhau (hinh 8.3). Khi d6 ta c6 pin ndng Cu
do:

‘(—"
~Cu/ Cu** C, // Cu** C,/ Cu +

Trong d6 C, > C,. Khi d6 trén dién cyc bén trdi c6 phan ung

Cu — 2e — Cu?* va c6 thé dién cuc

Zl

[ U21]=Gs_
e =gl 0,059

CuSHCL

Ig [Ci]

O dién cuc bén phai c¢6 phan tmg: Cu?* + 2e — Cu va ¢6 thé dién cuc:

0,059
By = EDCuz*.fCu + Tlg [GE]

Tir d6 st dién dong cua pin & 25°C

3.MOQT SO LOAI PIEN CUC

3.1. Dién cuc kim loai: Me / Me™

GOm thanh kim loai nhiing trong dung dich chtra ion cta né (hinh 8.4)

Trén dién cyc xdy ra phan Ung:

Me™ +ne = Me

Hinh 8.3. So’ dd pin néng do

Thé dién cuc duoc tinh theo cong thirc Nernst B
_o 0059 Me
Tt e T Tt Me T ——lg[ Me™]

dién cwc kim loai
3.2. Pién cwc khi

3.2.1. Di¢n cuc khi hydro: (Pt) H,/ 2H*

Hinh 8.4. Cau tao cua
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Gom ban Pt ¢6 phit mudi Pt nhing trong dung dich c6 chira ion
H*. Khi H, duoc thoi vao tao nén ap suit 1 atm va dugc hép phu trén
tam Pt ¢6 phu 16p mudi Pt (hinh 8.5).

Trén dién cyc xdy ra phan Ung:

2H* +2¢ =% H, H,
L 0,059  [H'F
Ez}sz =& srpn T 5 g B
o 0,059 ., -
EZH“‘,sz =& £H* H; +lg 2 [H+]

Hinh 8.5. Cau tao cua
.. . 0 dién cwc khi hydro
Nguoi ta thira nhan: €” =0 do dé:

&y, =0,059 1g[H"] = - 0,058pH
3.2.2. Pién cuwc hydro chudn

Khi [H*] = 1M thi ¢6 dién cyc hydro chuan c6 £y, = 0
Dién cuc hydro chudn dugc ding dé xdc dinh thé oxy hod — khir chuén cua cdc cip oxy hod — khir.

3.2.3. Dién cuc khi Clo (Pt) Cl,/2CT"

Gom mot ban Pt nhing trong dung dich c6 chtra ion CI".
Khi clo dugc thoi vao dién cuc tao dp suat latm (hinh 8.6).

Trén dién cuc xdy ra phan ng: Cly latm
Cl, +2e <= 2C1°
o 0,059 F
R I ; -
] A X
Eclz;‘zcl' = & Chcls 0,068 1g[C1] Hinh 8.6. So’ d6 cau tao dién cuc khi clo

3.3. Pién cuc oxy hoa — khir

GOm thanh kim loai tro nhu Pt, Au nhing trong dung dich chita dong thoi hai dang oxy hod va dang
khtr cia cing mét kim loai.

Vidu:
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(Pt)/ Fe>*, Fe*; (Pt)/ MnO,~, Mn**, H*

Kim loai tro déng vai trod tiép nhan va chuyén electron gitta hai dang oxy ho4 va dang khir.

0 0,059 [Che]
Somfkh = Bomkh T TIE —

[Khb]
3.3.1. Pi¢n cuc oxy hod — khir ciia sit: (hinh 8.7)
Fe3* + e == Fe?*

a0 0,059 [Fe™] Pt
EFa“."Faz“ B S - * 9 lg [Fe® ]

Luu ¥: trudng hop phan tng & dién cuc c¢6 sy tham gia cua H vi — —
du:

- e
Ir -
MnO, + Se + 8H* == Mn?* + 4H,0 Fe™ Wi
o 0,059 [MnO;[H*] Hinh 8.7. Cau tao cua dién cwe
EM:@;;M:F* = "Moo met * 5 lg Mo ] oxy hoa - khtr cua sat

3.3.2. Di¢n cuc quinhydron (Pt) / C(H ,0,, CH ,(OH),

Quinhydron C(H,0,. C(H,(OH), 1a hop chét dong phan ti, trong
dung dich phén ly thanh quinon C;H,0, va hydroquinol C(H,(OH),
CeHy0,. CgH,(OH), — C.H,0, + C,H,(OH),

Trén dién cuc xay ra phan ung: —

C H,0, + 2 + 2H == C H,(OH), CeHLOp
RO,

Thé dién cuc:

Hinh 8.8. Cau tao cua dién cuc
_gt g B0s9 [CH,OJETF quinhydron

quin quin 2 E [CGH4(DI—I;IE]

Vi [CH,O,] = [CcH,(OH),]
Ta co: Equil:L = Enquin + U?DEQ 1B [H-F]

3.4. Pién cuc kim loai can bang véi anion muoi khé tan cia né

http://tieulun.hopto.org



3.4.1. Dién cuc calomel: Hg/ Hg,Cl,, CI”

Pién cuc calomel c6 thé c6 hinh dang khic nhau nhung ludn luén

gdm thuy ngin nam cn bang véi ion CI~ gidn tiép qua mudi khé tan Hg
Hg2C12 (calomel) (hinh 8.9)

Hggclg
Trén dién cyc xdy ra phan Ung:
Hg,?" + 2 = 2Hg .
Thé cua dién cuc Hg dugc tinh theo cong thirc: -
0,059 \ £ i
g ., =& + 2277 o [Haat Hinh 8.9. C4u tao cua dién cuwc
Hgz feHg Hg;" feHg ) B B2 4—" calomel

Nhung trong 16p Hg,Cl, ¢6 cén biang:
Hg,Cl, == Hg,** +2CI”

Ty
] = e Thay ndng d6 nay vao cong thirc trén. Sau khi rdt gon ta dwoc cong

[CrF

thurc thé dién cuc cia dién cuc calomel:

Ta lai c6 [Hg2

1—8 -0,0591g [C17]
Vi vdy néu giit cho nong d6 CI~ trong dién cuc cb dinh thi € a1 KNONg doi.
Khi [KCI] bdo hoa g, = 0,24V

bién cyc calomel thuong dugc dung 1am di€n cyc so sanh trong céc phu:ong phdp chuan do do thé
hay xéc dinh pH. N¢ ciing duoc diing thay cho dién cyc hydro chuin dé x4c dinh thé oxy hod — khir tiéu
chuan cia céc cip oxy hod — khur.
3.4.2. Dién cuc bac — bac clorid. Ag / AgCl, HCL.

Tuong ty nhu vai trudng hop dién cuc calomel ta ¢ thé rdt ra cong thirc thé dién cuc:

8AgCl = EOAgCI -0,059 1g [CI]

Luru ¥: khong nham dién cuc nay véi dién cuc Ag/Ag™.
3.5. Pién cuc thuy tinh

Dién cyc thuy tinh 1a mot dng thuy tinh dau dugc théi thanh mot
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bau hinh cau rat mong bén trong chira dung dich c¢6 néng do H*
xdc dinh va mot dién cyc bac phu AgCl. Khi nhing di¢n cuc vao mot
dung dich thi & mat phan cich thuy tinh — dung dich phat sinh mdt
dién thé ma tri s6 cta nd phu thude vao néng do ion H" ¢ dung dich
bén ngoai theo phuong trinh:

-0 — 0
e =€, +0,059 lg[H*] = €% — 0,059 pH

tt Apphn ApCl

Trong dé Sott la mot hﬁng 6 dbi vai mdi dién cuc. Vi vay trudc HCLO1M

khi ding mot dién cuc thuy tinh nguoi ta phai chuan dinh lai né bang
nhiing dung dich dém da biét pH ma thyuc chét 1a xdc dinh €0 ctia dién Hinh 8.10. C4u tao cua dién cwc
cuc do. thuy tinh

4. UNG DUNG CUA CAC NGUYEN TO GANVANIC

4.1. Xac dinh thé oxy hoa — khir tiéu chuin ciia céc cip oxy hoa — khir

D¢ xac dinh nguoi ta thiét 1ap mot pin gom mot dién cuc hydro chuan va mét dién cuc cé cap oxy
hod — khtr can xdc dinh r6i do strc dién dong cua né.

Vidu:

[+
@

|
Iovrql

[H=1M" [Zni=1

Hinh 8.11. Xac dinh thé oxy hoa — khir tiéu chuan cua cép Zn?*/Zn
~Zn/ [Zn>*] =IM // [HT] =IM/ H, (Pt) +
Stc dién dong cua pin do dugc:

E= gy - Epay = 0,76V

T d6 E;:F*rzu = _ 0,76V

Mot cdch tuong tu, khi thiét 14p pin:

— (P H, / [H] =IM // [Cu**]= IM / Cu*
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ta xac dinh duoc ;" =+0,34V
CHCu

4.2. Xac dinh pH bang phwong phap dién hoa hoc

Vé nguyén tic dé do pH cua mot dung dich bang phwong phdp nay ngudi ta can sir dung hai dién
cuc thich hop, trong d6 mot dién cuc c6 thé phu thudc vao néng d6 ion H* (cling tirc 1a pbu thudc vao
pH) nhu dién cyc hydro, dién cuc quinhydron, dién cyc thuy tinh, con dién cuc kia c6 thé xac dinh va
khong doi, thuong 1a dién cyc calomel. Hai dién cyc nay ghép thanh nguyén t6 ganvanic. Do strc di¢n
dong cta nd va rit ra pH. Dudi day 1a mét s6 vi du.

4.2.1. Po pH béng cdp dién cuc hydro-calomel

Nhiing vao dung diqh can do pH mdt dién cuc calompl va mdt dién cuc platin va thdi vao dién cuc
nay khi hydro véi 4p suat 1 atm. Khi d6 ta dugc nguyén to ganvanic:

— (Pt) H,/ H* // KCI, Hg,Cl, / Hg +

Stic dién dong do dugc ciia nguyén td nay:

E= 8pna — EHQ

E =g, + 0,059 pH

Trds  pg= &
0,059

4.2.2. Po pH bing cdp dién cuc thuy tinh — calomel

Lap nguyén tb ganvanic gdm dién cyc thuy tinh (bau thuy tinh
nhing trong dung dich can do pH) va dién cuc calomel (hinh
8.12).

Trong nguyén td nay dién cyc calomel la dién cuc duong. St
dién dong cua nguyén to:

E =gc, —¢€y
— 0
=€c, — € + 0,059 pH
Tids — pH - ScatCu ‘ -
0,055 Hinh 8.12. Do pH bang dién cuc

thuy tinh — calomel
4.3. Xac dinh bién thién ning lrong tu do tiéu chuin AGY ciia mot phan irng

Cong dién do mot nguyén td ganvanic ¢ di€u ki¢n tiéu chuan tao ra cling chinh bang bién thién nang
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lugng tw do chuan ctia phan tng hod hoc d3 xdy ra trong nguyén tb dé:
A’ =—nFEY = AG?

Do d6 né:u biét thé oxy hod — khir tiéu chuzin clia cdc cap oxy hod — khir trong mot phan tmg ta c6 thé
tinh dugc bién thién nang lugng tu do ti€u chuan cua phan tng do.

Vidu:
Tinh bién thién ning luong tu do ciia phan tng:

MnO~, + Fe?* + 8H — Mn** + Fe®* + 4H,0

Biét: o
Sataor e = LBIVE Epse e =+ 0,77V

Suét dién dong tiéu chuan cua pin trong d6 xay ra phan tng trén la:
E%=1,51-0,77 = 0,74V.
Tu d6: AGY = -5.23062. 0,74 = — 85039 calo.
4.4. Phwong phap chuin d$ do thé

Trong phuong phéap chuan d6 do thé, diém tuong duong dugce phét hién qua sy bién ddi dot ngodt vé
thé, tao ra mot budc nhdy thé trén dudng cong chuan do.

Vé nguyén tac, dé tién hanh vige chuan do nguoi ta phai thiét 1ap mot nguyén té ganvanic gdm mot
dién cyc c6 thé phy thudc vao nong do ion mudn chuan (goi 1a dién cyc chi thi) va mot dién cuc c6 thé
khong doi (thuong goi la dién cyc so sdnh). Do stre dién dong cua no trong sudt qu4 trinh chuan d6. V&
duong cong chuan d¢, tir d6 tim diém tuong duong.

Vidu:

Xéc dinh ndng d6 dung dich NaCl bang phuong phdp chuan d6 do thé. Dung dich chuin ¢ day 1a
dung dich AgNO;.

Thiét 1ap nguyén t6 ganvanic gom dién cyc Ag nhiing trong mot thé tich x4c dinh dung dich AgNO;

va mot dién cyc calomel chuin (hinh 8.13). Tt buret chira dung dich NaCl chua biét néng do, thém dan
vao coc chira hai dién cuc. Sau moi lan thém lai do stc dién dong.
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NaCl

- ml MNaCl

Hinh 8.13. Nguyén tac ctia phwong phap chuan doé do thé

0
E= 8, 1/ag — Soal™ Bpgrpag T 0,058 1g [Ag'] — £.g

Trong qué trinh chuan d9, ndng do [Ag™] giam dan. Do d6 E do dwoc giam dan. Tai diém twong
duong ndng d6 [Ag*] vo ciing bé 1am cho E giam mot cdch dot ngot. V& duong cong chuin do va tim
diém tuong duong trén duong cong do.

4.5. Nguon dién mot chiéu

Céc nguyén té ganvanic dugc str dung trong doi sdng va trong k¥ thuat nhu ngudn dién mot chiéu
dudi dang cac loai pin va cac acquy khéac nhau.

Vidu:
4.5.1. Pin kho Loclansé

Pin nay c6 cyc am (anod) bang k&m cudn thanh éng hinh try chira chét dién ly 1a hdn hop NH 4Clva
ZnCl, trong h tinh bdt. Cuc duong (catod) 1a mot thoi than chi dugc bao bdi mot mot 16p MnO, (hinh
8.14).

Graphit C (+)

: ) Man
NH,Cl + ZnCly
oy z n (_:I

Hinh 8.14. C4u tao cua pin le Clanse
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-Zn/NH,CI, ZnCl, / MnO,, C +
Khi pin lam viéc xay ra cdc phan ung sau day:
Anod: Zn - 2¢ — Zn**

Catod: 2MnO, + H,0 +2¢ — Mn,0; + 20H~
Phan iimg tong cong trong pin:

Zn + 2MnO, + H,0 — Zn?* + Mn,0; + 20H"
ion OH- 4 7+ tiép tuc tham gia cdc phan ing:

2NH,* + 20H™ — 2NH, + 2H,0.

Zn** + 2NH, + 2CI” — [Zn(NH,),]CL,

Sire dién dong ciia pin khodng 1,5 V va chi ding dwoc mét lan.

4.5.2. Acquy chi
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Hinh 8.15. So d6 cau tao caa acquy chi

Acquy chi gdm cdc tim dién cuc 4m 12 chi va cyc duong la PbO, nhiing trong dung dich H,SO,
38% (hinh 8.15).

Pb/ H,S0,/PbO,
Phén ¢ng tong cong trong qué trinh phéng dién:

Pb + PbO, + 2H,SO, — 2PbSO, + 2H,0
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Khi méi nap, acquy c6 suat dién dong khoang 2V. Nél} nbi tiép 3 cap dién cuc thi duge acquy c6
dién 4p 1a 6V. Trong qua trinh st dung dién dp giam dan. Pén 1,85 V can tién hanh nap lai acquy.

Nhu vdy acquy khéc pin & chd c¢6 thé sir dung né nhiéu lan.

Trong thuc 16, khi méi san xudt thi cdc tam dién cuc cia acquy la cdc tam hop kim chi c6 nhiing
khoang trong chita PbO. Khi duoc nhiing trong dung dich H,SO , chiing déu tro thanh PbSO ;:

PbO + H,SO, — PbSO, + H,0
Khi nap dién cho acquy:
O cuec duwong xdy ra phdn vmg:

PbSO, - 2¢ + 2H,0 — PbO, + SO 7~ + 4H*
O cuwc dm xdy ra phan vng:

PbSO, + 2 —Pb + 5O~
Phan iimg tong cong trong qud trinh nap:

2PbSO, + 2H,0 — Pb + PbO, + H,50,
Liic nay hai dién cyc cua acquy la Pb — cuc dm va PbO, — cuc duong.
Khi s dung:
O cuwec dm ciia acquy cd phan tmg:

Pb_2e + 50,7 — PbSO,
Con o cuc duong:

PbO, + 2e + 4H* + SO >~ — PbSO,, + 2H,0
Phan itng tong cong trong qud trinh phéng dién:

Pb + PbO, + 2H,S50, — 2PbSO , + 2H,0

Ta nhdn thdy phdn g nay ngiege véi phdan g ciia qud trinh nap dién.

5. SU PIEN PHAN

5.1. Dinh nghia
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Qud trinh oxy hod khit xdy ra trén cdc dién cwc khi c¢é dong dién mot chiéu di qua chat dién ly nong
chay hay dung dich goi la sw dién phan.

Trong qué trinh di€n phan céc cation chay vé cuc am (catod) con cdc anion chay vé dién cuc duong
(anod), tai d6 xdy ra phan ng trén cac di€n cuc (su phéng dién).

Nguoi ta phan biét: dién phan néng chay, dién phan dung dich, dién phan dung dién cuc duong tan.
5.2. Pién phan néng chay
Vidu:

Dién phan NaCl néng chay:

Na(l
() =—— Nat CImY —— (4

ZNa™ +2e=Na 2C1” - 2e —Cl,
dNaCl — 2Na+ Cl,

Nhu vay khi dién phan néng chay trén mdi dién cyc chi xdy ra mot phan Gng duy nhat va do d6 dé
dang xé4c dinh san pham cua qua trinh di¢n phan.

5.3. Pién phan dung dich

Trong sy dién phan dung dich, ngoai céc ion do chét dién ly phn ly ra con c6 céc ion HY va OH™
cua nuge. Do d6 viéce xdc dinh san pham cua sy dién phan phirc tap hon. Tuy thu¢c vao tinh khir va tinh
oxy hod cua céc ion c6 trong binh dién phan ma ta thu dugc nhitng san pham khac nhau.

Vidu:

Khi dién phan dung dich NaCl, cdc ion Na*, H' chay vé catod con céc ion CI~, OH™ chay vé anod.
Ion nao trong so0 ching s€ phéng dién ¢ cic dién cuc?

Co s dé giai ddp van dé nay 1a dua vao céc gid tri thé oxy hod — khir cua cédc cap. Trong qud trinh
dién phén, trén catod s€ di€n ra sy khu. Vi vy khi ¢6 nhi€u dang oxy hod thi truéc hét dang oxy hod cua
cdc cap c6 the 1on s€ bi khir. Ngugce lai trén anod s€ dién ra sy oxy hod dang khtr cta cap c6 thé oxy hod
— khtr nho nhat.

5.3.1. Kha nang phong dién cua cdc cation ¢ catod.

O catod c6 thé xay ra cdc qud trinh khir sau déy:

M™ 4+ ne - M

2H* (acid) + 2e — H, hodc ion hydro cua nudc bi khur:
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2H,0 +2e - H, + 20H~
Dang oxy hod ctia nhitng cip c6 thé cang 16n cang dé bj khur.
Theo ddy thé oxy ho4 khir thi kha ning bi khir ctia cdc ion kim loai nhu sau:
— Céc cation tir Zn2* dén cudi day Hg?*, CuZ*, Ag™... d& bi khir nhat va theo thir ty ting dan.
— Tir AI** dén cdc ion ddu ddy Na*, Ca®*, K*... khong bi khir trong dung dich.
— Riéng cdc ion HT cua acid hay ctia nudc khé bi khir hon cdc ion kim loai.
5.3.2. Kha nang phong dién cua cdc anion ¢ anod

O anot xay ra qud trinh oxy hod cdc anion gbc acid vi du CI~, S2-... hoic ion OH™ ciia base kiém hay
nudc:

2C1" - 2e — Cl,

1
20H™ - 2e —> 2 0, + H,0 hodc cac ion OH™ ctia nudc bi oxy hoa:

1
H,0 -2e — —02+2HJr
2

Dang khtr ctia nhitng cip c6 thé oxy hod khtr cang nho cang dé bj oxy hoa.
Theo diy thé oxy hod — khir thi kha ning bi oxy hod ciia cdc anion nhu sau:

— Céc anion gdc acid khong chira oxy d& bi oxy hod nhét theo thir ty ting dan vi du tir CI~, Br™, I,
s>,

— Céc anion gdc acid nhu NO;7, SO 42‘, PO 43‘... khong bi oxy hoa.

— Riéng cic ion OH™ cua kiém hodc cua nudc khé bi oxy hod hon céc ion Sz_, I, Br, ClI...

— Néu khi dién phan khong dung céc anod tro nhu graphlt Pt ma dung cic kim loai nhu Ni, Cu,
Ag... thi cdc kim loai nay dé bi oxy hod hon cic anion vi thé oxy hod — khir ciia chiing thip hon, va do
d6 ching tan vao dung dich (anod tan).

Du6i ddy 1a mot sd vi du vé dién phan:

Vidu I:

bién phén dung dich CuCl, vdi anod tro:
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CuCl,

() =—— Cu?*
Cu?t +2e— Cu
CuCl,

Vidu 2:

bién phan dung dich K,S0, véi anod tro:

K580,

(<) =~—— 2K~

2H,0 + 2e—= 20H + Hs
H,0 — H,

Trong truong hop ndy nude bi dién phan.

Vidu 3:

Cl
2C1

(+)
— 2o — Cl_:

— {._:'Ll+{_—:]2

SO; —=
| 1
HyO - 2e —=2H* +50y

1
+5 04

2

bi¢n phan dung dich NaCl v6i dién cuc tro ¢6 mang ngan:

MNaiZ]
+— Ng”

(=)

NaCl+ H,O  —
Vidu4:
bién phén dung dich NiSO, véi anod tro:
NigC,
€ N
Ni%* + Ze — Ni

NiSO, + H,0

Vidu5:

ol — {+)
Clr—e — 1 Cl,
2

NaOH + lG12+ lI—I2
2 2

80, —*

(+)

H,O - e — 3H + L

~0
9 a

Ni+ H,80, + %DE
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Dién phan dung dich NiSO, véi anod Cu:

NiSO,
-y +— Ni** 80,5 — (B Cu
Ni¥* + Ze — Ni Cu - Ze — Cu®
NiSO, + Cu — CuS0, + Ni

5.4. Dinh luit vé di¢n phan

Khoz lwong chat gidi phong trén méi dién cuc ty 1¢ voi dién luong di qua dung dich va dwong luong
ciia chat.

__ L A

96500 n
A: khéi lwong mol nguyén tir hay phan tir ciia chdt (g)
n: s6 electron thu hay nhwong
I: cuong do dong dién (Ampe)
t: thoi gian dién phdn (gidy)

96500: s6 Faraday (Culong) — Dién legng can thiét dé mét mol ion bién thanh nguyén tir hay phan
twe trung hoa.

6. THE PHAN CUC, THE PHAN GIAI VA QUA THE

Thuc té cho thdy mudn tién hanh mot qud trinh dién phan nao d6 ngudi ta phai ding dong dién c6
mot thé hiéu xac dinh. Vi du mudn bat dau qué trinh dién phan dung dich ZnCl, IM voi cac dién cuc

graphit phai ding mot thé hiéu t6i thiéu 1a 2,12V. Tuy nhién trong thyc té d¢ duy tri sy dién phan dén
cung nguoi ta phai dung mot thé hi¢u 1a 2,38V. Dién thé nay dugc goi la thé phan gidi, ky hi¢u la Epg

Nhu vay:

Thé phan gidi la thé can dat vao cdc dién cue dé duy tri qud trinh dién phan

Néu ding thé hiéu nho hon thé phan giai thir thue té qué trinh di¢n phan s€ bi ngung lai ngay. Diéu
nay duoc gidi thich nhu sau: trong vi du trén, néu dung thé hi¢u nhé hon 2,12V thi thoat dau qud trinh
dién phén van xay ra, Zn dugc giai phéng & catod bam 1€n dién cuc graphit bién né thanh mét dién cuc
kém con clo dugc g1a1 phéng ¢ anod hap phu trén dién cuc bién dién cyuc nay thanh mét dién cuc clo.

Binh dién phan lic nay trd thanh nguyén td ganvanic:

() (C) Zn/ ZnCl, / Cl, (C) (+)

Nguyén té nay c6 suét dién dong:
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0
E # Ecl2 jaclm T Ez:ﬁ*.u'Zu

= 1,36 — (—0,76) = 3,12V

(con duge goi 1a thé phéan cuc, ky hiéu E ) cho dong dién nguoc chiéu voi dong dién bén ngoai

ding dé dién phan. Két qua dong dién cua nguon dién ngoai tré thanh bang 0 va qud trinh dién phan
ding lai. Nhu vay thé phan cuc ¢ thé coi 1a bang suat dién dong cua nguyén td ganvanic hinh thanh

trong qué trinh dién phan.

Hiéu s6 thé phan giai va thé phan cuc duoc goi 12 qud thé dién phan (ky hiéu 1a AE)

AE = Epg - EpC

CAU HOI TU LUONG GIA

8.1. Pinh nghia: s6 oxy hod, phan mg oxy hod — khir, chat oxy hod, chét khir, qu4 trinh oxy

ho4, qua trinh khtr.

8.2. Mot cap oxy hod — khir duoc viét nhu thé nao? Pai luong nao dic _trung cho kha nang
tham gia phan ung cia mot cdp oxy hod — khu? Dai lugng d6 duge sdp x€p nhu thé nao?
Theo su sap xép d6 kha nang phan (mg cua cic dang khir va dang oxy hod bién d6i nhu thé

nao?

8.3. Hay cho biét chiéu ctia mot phan g oxy hod — khir. Céc phan ting sau ddy xay ra theo

chiéu nao & diéu kién ti€éu chuan?

a) SnCl 4t FeCl2 —
b) Br, + KI =
¢) FeSO, + CuSO, =
d) I, + KOH =

e) KMnO, + KNO, + H,S0, ==

1“)KN02+KI+HZSO4 =

SnCl, + FeCl,
KBr + 1,
Cu + Fe, (SO, )5
KI+H,0,
MnSO, + KNO; +...

NO+I2

8.4. Viét phuong trinh va cén bél}g cdc phan mg oxy hod — khu sau day va cho biét cdch
tinh duong luong gam cua cac chat oxy hod va chat khir tham gia vao céc phan ung do6.

a) KMnO4 + H2C204 + HZSO4 -

b) MnO, + KI +... -

MnSO4 + I2 +...

http://tieulun.hopto.org



c) K,Cr,0, + C3H,0H +... = Cry(SO,); + C,H;COOH +...
d) HZS + HNO3 - S+ NO2 +...

e) KMnO, + H,0, +... -

f) FeSO, + H,0, + H,SO, -

8.5. Viét phuong trinh va cin bang phan tng sau ddy bang phuong phdp thing bing
electron.

a) MXOy + HNO3 —  NO +....
b) MZOy +H,S50, (d) — SO, +....

8.6. Hay giai thich sy hinh thanh thé dién cuc trén cdc dién cyc kim loai.

8.7. Cong thiic Nec vé thé dién cuc? Chu tao va cong thirc thé dién cuc cia céc dién cuc:
hydro, clo, calomel, thuy tinh, di¢n cuc oxy hod — khu sat, quinhydron.

8.8. Thé nao 12 nguyén t6 ganvanic? Cho vi du. Strc dién dong cua nguyén td ganvanic duoc
tinh nhu thé nao? Tinh strc dién dong cua céc nguyén t sau diy & 250C.

a) Pb/ Pb2* 0,01M // Cu** 0,01M / Cu
b) Cr/ Cr>* 0,05M // Ni%* 0,01M / Ni

¢) Cu/ Cu?* 0,005M // Cu?* 0,05M / Cu

d) (Pt)/ Cr*, Cr?* // Fe3*, Fe?* / (Pt) ndng do céc ion bing 1M
e) (Pt) Fe>*, Fe>* // CI7/ Cl, (PY) ndng do céc ion bing 1M, Py,=latm
f) (Pt) Fe**, Fe?* // Cr, 0,27, Cr* /(PY) ndng do cdc ion bing 1M

8.9. Cu tao va cong thuc tinh stc di¢n dong cua pin néng do? Cho vi du.

8.10. Thé oxy hod — khir tiéu chudn cta cdc cip oxy hod — khir duoc xdc dinh nhu thé nao?
Cho vi du.

8.11. Viét so d6 cau tao cdc nguyén td ganvanic trong d6 xay ra cac phan ung:

a) Agt + Cu —  Ag+Cu?t
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b) Fe?* + Cl, —  Fe¥* +2CI

c) Cl, + H, —  2HY+2CI”

d) Fe3* + Zn —  Fe*t 4+ Zn*
e) Agt + Cr2* —  Ag+Cr*

f) Pb + PbO, + H,S0, —  PbSO, +H,0

8.12. Néu nguyén tic cta viéc xédc dinh pH bang phuong phdp dién hod. Trinh bay céch xdc
dinh pH cia dung dich bang cic cap dién cuc hydro — calomel, thuy tinh— calomel,
quinhydron— calomel.

8.13. Néu nguyén tic cta viéc xdc dinh ndng d6 ion bang phwong phéap dién hod. Trinh bay
céach xac dinh nong dd cac dung dich HZSO 4 FeSO 4> AgNO3, NaCl.

8.14. Bé xdc dinh pK, cua HNO, va pK, cua C;HsNH, nguoi ta thiét 1ap cdc nguyén td
sau:

a) (Pt) H,/ HNO, 0,1M // CI"(KCl béo hoa), Hg,Cl, / Hg

b) (Pt) H,/ C(HsNH, 0,001M // CI” (KCl bao hoa), Hg,Cl, / Hg

va do sirc dién dong cua ching tuong ing voi nguyén 6 (a), (b) 12 0,37V va 0,7V.

Tinh pK, va pKy.
8.15. Bé x4c dinh tich sd tan cua Ag,CrO, nguoi ta thiét 1ap cdc nguyén t6 sau:

Ag/ dd bao hoa Ag,CrO, // AgNO; 0,1M /Ag

Strc dién dong cua pin do dwoc 12 0,153 V. Hay tinh tich sb tan caa Ag,CrO,
8.16. Su dién phan 12 gi? Viét phuong trinh dién phan cdc dung dich CuBr,, KNO;,
AgNO;, CaCl, v6i hai dién cyc platin; dung dich hon hop hai mudi AgNO; va CuSO, voi
hai dién cuc platin; dung dich NiSO 4 vo1 hai dién cuc Ni.

8.17. Hay néu 1én ban chét cua qua trinh ma dién? Léy vi du ma bac 1én mot vat kim loai dé
minh hoa.

8.18. Dinh nghia thé phan giai? Qua thé? Nguyén nhin nao din dén qud thé trong dién
phén? Thé phan gidi cua dung dich NiCl, = 1,85V, ZnSO, = 2,35V va H,S0, = 1,67V.
Tinh qué thé.
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HUONG DAN GIAI BAI TAP VA TRA LO'I CAU HOI

BAI 1. CAU TAO NGUYEN TU

1.2. Bdi véi qua béng ban:

-7
Aoy = 662,10 2 1078 crnfs

6,28.10, 107

Nhdn xét: DO bat dinh hay sai s6 vé tbc d6 vo cting nho so véi tc do cia qua béng ban (khoang
3.10% cm/s)

Poi voi electron:

6,62, 107
hx = 1,2.107°
5,28.9,1,.107%, IDE

Nhdn xét: DO bat dinh hay sai sb vé vi tri rt 16n so véi kich thudce cua nguyén tir (khoang 1078 cm).

1.3. Boi v6i chuyén dong cua 6to:

27
SR R TR

10°,
3600

Nhan xét: A qua nho, do d6 ¢ thé bo qua tinh chét séng.
Dbi véi chuyén dong cua electron:

6,52, 107 .
h= & 7,107
9.1.107%, 10°

Nhan xét: A c6 thé so sanh véi A cua tia gama va tia X. Nhu vay electron con thé hién ban chét
song.

1.4. Phuong trinh Schrodinger 13 phwong trinh md ta trang thdi chuyén dong cua cdc hat vi mo trong
khong gian. Khi giai phuong trinh nay thu dugc cdc ham séng y va cic thugc tinh vét ly cua hat nhu
ning lugng toan phan E, momen dong luong M... Nhu viy tu phu’O’ng trinh nay ta thu dugc ddy du
nhitng thong tin vé trang thdi cta mot hat vi m6 xéc dinh. Mobi ham v (nghiém ciia phuong trinh
Schrodinger) mé ta mot trang thdi chuyén dong cua hat vi mo trong khong gian.

1|12 biéu thi mat d6 xéc suit tim théy hat tai mot diém trong khong gian.

W2 dV (dV= dx.dy.dz) bidu thi xdc xut tim thiy hat tai mot thé tich nguyén t4.
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1.5. Nhitng nghiém thoa mén phuong trinh Schrodinger viét cho nguyén tir: y (1,0 , @ ) goi 12 cic orbital
nguyén tor (AO)

1.6. May electron la ving khong gian xung quanh hat nhdn trong do tap
trung phan 16m xdc sudt cé mdt electron (khoang 90 — 95% xdc sudt)

Nhu vay may electron c6 thé coi 12 hinh anh khong gian cua orbital . 90 - 95%
nguyén tu. :
1.8. E,=-13,6 eV TR
E,=-34¢eV

Vay khi electron chuyén tir mirc thir nhat 1én mirc thtr hai né hip thu mét ning luong: AE = —3.4 —
(-13,6) =+ 102 eV

1.9. v, (r,0,9): Ham phu thudc vao céc bién sér, 0, @.

n,I,m

R | (): Ham phu thudc vao céc bién sb r va duoc goi 12 phan ban kinh (hay phan xuyén tim cua
ham séng, phan nay quyét dinh kich thudc ciia orbital.

Y, (6,0): Ham phu thudc vao cdc bién s6 6, ¢ va dugc goi 1a phan géc cia ham séng, phan nay
xdc dinh hinh dang cua orbital.

Wn,l,m(r’e’(P) = Rn,l(r)‘ Yl,m ©.9)
1.10. S6 lugng tr n nhan cic gidtrin =1 dén n.
S6 lugng tir 1 nhan cac gia tril =0 dénn-1.

S6 lwong tir m nhan cdc gid tri m =10 +1.

£ e 1 1
SO luong tu mg nhan cic gid tri + ) va —5-

Ung voi mot gid tri ciia n (16p) ¢ n gia tri cia 1 (phan 16p)

Ung voi mot gid tri cia I (phan 16p) ¢6 21 + 1 gid tri cia m (orbital) va c6 (21 + 1)2 electron véi m S

lvé—

+ s
2 2

- r l=n-1
Ttr d6: Tong so electron trong mot 16p 1a Z (21+1)2 = 2n° -

l=1a

1.11.
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o Z
2 ¥
z ¥ ¥
+
X X Q X X
a
Px Uy ds e

1s: Hinh cau

2p,: Hinh s6 tdm noi dinh hudng theo tryc x.
3d, ,: Hinh hoa thi dinh hudng theo cdc duong phan gidc cta géc xoz.

34 : Hinh hoa thi dinh huéng theo hai truc x va 'y

Wy
So sanh 1s va 2s: Ciing ¢6 dang hinh ciu nhung 2s ¢6 kich thudc 16n hon.

2p,. 2py, 2p,: Cung c6 dang sO tim nodi nhung hudng theo 3 tryc x,y,z.

1.12.
Is 2s 2p, 2p, 2py
Vioo VY200 VY2u1-1 VY210 VYai41
1.13.
z z
. ¥
¥ ¥
X x x
g
Wi, Wi+ Waan
1.14.

— Ning luong ciia cdc AO tang dan theo trj s6 n+l.

— Néu 2 AO c6 tri s6 n + bang nhau thi AO nao c¢6 n 16n hon s& c¢6 nang luong cao hon.
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Vidu:  1s (1+0) < 2s (2+0) < 2p (2+1)... 4s (4+0) < 3d (3+2)...
3d (3+2) < 4p (4+1) < 55 (5+0)...
1.15.
Trong nguyén tir cc electron chiém Ian lugt cdc orbital ¢6 ning luong tir thap dén cao.

Duya vao bac thang nang lugng cac AO, khi biét sb thir tw z c6 thé viét duoc ciu hinh electron cua
mot nguyén to.

Vidy: Nguyén td z =17 ¢6 cu hinh 1s2 252 2p6 3s2 3p5
1.16.
Trong nguyén tir khong thé c6 hai electron gidng nhau ca bén s6 luong tir.

Diéu nay ciing c6 nghia 13 trong mdi AO (c6 n, 1, m gidng nhau) chi c¢6 the ¢ 2 electron c6 spin
+1/2 va—1/2. Tir d6 c6 thé tinh duoc sb electron tdi da trong mdi phan 16p, mdi 16p.

1.17.
a) Khin =3 thilchico thé 6 cac gia tri 0, 1, 2 khdng c6 1 = +3.
b) Khong c61=-1.
¢) Khil=1 thi mchicé thé c6 céc gid tri—1, 0, +1 khong c6 m = +2
d) Twong tu (c) khi 1 = 3 khong thé c6 m = —4.
1.18.

Nguyén tu nito ¢6 7 electron ¢6 cdc sO lugng tir nhu sau:

electron 1 2 3 4 5 6 7
n 1 1 2 2 2 2 2
I 0 0 0 0 1 1 1
m 0 0 0 0 —1 0 +1
Mg +1/2 -1/2 +1/2 -1/2 +1/2 +1/2 +1/2

Chu y: Céc electron 5,6,7 c6 thé cung c6 spin —1/2

1.19. Trong mot phan mirc cdc electron co xu huwong phdan bo déu vao cdc 6 lwong tir sao cho so

electron doc than la Ién nhat.

Vidu:
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tu.
1.20.
z CAu hinh e (chi viét 2 I&p ngoai cung) | cky | nhéom Tinh chét
Tinh khe
2 36 248 42 x ok
28 | 3s23p°3d® 4s 4| VIIB 1 im loai chuyén tiép
36 | 3s2 3pb 3d8 452 4p® 4 [via | eV noahoo
37 | 4s?4p® 4dO 5s! 5 |IA Einmhégiwkiém
Tinh khe
2 4n6 445 Eal x ok
42 | 4s2 4pS 4d° 5s 5 | VB Kim loai chuyén tiép
Tinh khe
2 406 4410 Eal x ok
47 | 4s? 4p° 4d'0 55 5 |18 Kim loai chuyén tiép
53 | 452 4p® 4410 552 5pS 5 VIIA ngggg hoa
Tinh khe
56 | 4d'0 552 5pb 6s? 6 |lA Kim loai kiém thd
80 | 4f14 552 5pb 5d106s2 6 |lIB -I};Iinmhlggiwchuyén tiép
1.21.
Ng to z Cau hinh electron Hoa tri
0] 8 mn 2e doc than, hoa tri 2
28 2p
S 16 |H‘| R | 4 | | | | | | | 2e doc than, hoa tri 2
S |1.|1|1.| |¢| | | | | 4e doc than, hoa tri 4
S |1.|1.|*| |1L|1.| | | | 6e doéc than, hoa tri 6
N 7 nn 3e doc than, hoa tri 3
P 15 3e doc than, hoa tri 3
5e d6c than, hoa tri 5

i) (z="7)

152 2g2 2p7

Quy tic Hund cho phép viét cau hinh electron ctia nguyén tir & trang thdi co ban dudi dang 6 luong
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1.22.

1.23.

1.24.

pt] [a[#[4] [T T T T]
O LT
F 9 1e doc than, hod tri 1
Cl 17 |H‘|H|1‘| | | | | | | 1e doc than, hoa tri 1
|H|t|‘|‘| |1L| | | | | 3e doc than, hoa tri 3
|T|T|T| ] T 11 5e doc than, hoa tri 5
[a7e]t] 41t ] T | 7e doc than, hoa tri 7
Cut  1s? 2% 2p® 3s2 3p® 3410 (459
Cu?* 1s? 252 2p0 3s2 3pb 3d° (4sY)
FeZt 152 2s2 2p® 3s2 3p° 3d® (459
Fe3* 152 282 2p® 352 3p0 3d® (459
Mn2t 152 252 2p0 3s2 3p0 3d° (4sY)
Mn’* 1s2 252 2p0 3s% 3pb (3d%) (450
Ar(z =18) 15?252 2p® 352 3p°
Cation  K* (19-1); Ca®* (20-2);Sc3* (21-3); Ti** (22-4).
Anion  CI~ (17+1); S~ (16+2);P>* (15+3)
4 loai (khéi)

+ Nguyén t6 khéi s: Phan 16p s dang x4y dung va hoan thanh.
Céu hinh electron 16p ngoai cling ns! hodc ns?.

+ Nguyén t6 khéi p: Phan 16p p dang xdy dung va hoan thanh.

2
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1.26.

CAu hinh electron 16p ngoai ciing ns? np1 dén ns? np6

+ Nguyén t6 khéi d: C6 2 electron 16p ngoai ciing, phan 16p d dang xay dung va hoan thanh.
CAu hinh electron (n — 1) dl=10 g2 (trir mot s6 ngoai 1¢)

+ Nguyén t6 khéi f: C6 2 electron 16p ngoai ciing ns? (6s2 hoic 7s%)

CAu hinh electron (n — 2)f1_14(n - 1)d0 ~1 ng? (trir mot s6 ngoai 1¢)

CAu hinh electron cta cdc nguyén t6 nhém IA ns'. Rt d& mét electron duy nhét, thé hién tinh khur

rat manh.

1.27.

CAu hinh electron cua cdc nguyén t6 nhém VIIA ns? np5 . Rét d& nhan thém mdt electron, thé hién

tinh oxy ho4 rit manh.

1.28.

1.29.

TIA vaIB
+ Gibng nhau: C6 1 electron phan mtic s ngoai cling IA ns!; IB (n - 1)d!¥ ns'.
+ Khéc nhau: ¢ nhém I; phan mire st ngoai cung (n — 1)d da bao hoa.

ITA va IIB

+ Gidng nhau: C6 2 electron phan mirc s ngoai ciing IIA nsZ; IIB (n — 1)d !0 ns2.

+ Khéc nhau: O nhém 1B phan muc sat ngoai cung (n — 1)d da bao hoa (n — 1)d10.
IB va IIB
+ Gidng nhau: Phan murc sit ngoai ciing (phan muc d) d3 bio hoa (n-1)d'.

+ Khac nhau: C6 1 electron phan muc s ngoai cung & IB va 2 electron ¢ 1IB.

Li Be B C N (0] F Ne
2s! 2s? 2s522p! 2522p? 2s522p8 25%2p* 2s522p5 2522p8
Na Mg Al Si P S Cl Ar
3s! 3s? 3s23p! 3s23p? 3s23p8 3s23p* 3s23p° 3s23p8
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Tinh chat hod hoc cua cic nguyén t6 duoc quyét dinh chu yéu boi s electron 16p ngoai ciing. Su
lap lai tuan hoan céu hinh electron nhu thay 0 chu ky 2 va 3 chinh la nguyén nhén tao ra sy bién
thién tuan hoan tinh chit cta cdc don chét va hop chat cdc nguyén t6 & chu ky 2 va chu ky 3.
1.30. Tinh chét ctia cdc nguyén té & chu ky nho bién d6i nhanh, trong khi d6 ¢ cdc chu ky 16n chdm hon
nhic¢u. Vi du ¢ chu ky 3 chi v6i 4 nguyén to déu, la Na, Ca, Al, Si da ch}lyép tir mot kim loai manh (Na)
sang mot phi kim (Si). Nhung ¢ chu ky 4 tir K dén Ga (qua 11 nguyén td) van 1a mot kim loai.
1.31. Trong mot phan nhém chinh, theo chiéu tir trén xuéng dudi, tinh khtr tang va tinh oxy hod giam.
b6 1a vi, di tur trén xuong, ban kinh nguyén tir tang dan (tang 5O 16p electron), di¢n tich hat nhan cling
tang, nhung ban kinh ting nhiéu, anh huong 16n dén luc hit gitra hat nhan va electron ngoai cling.
£)01 v6i cdc nguyén td trong mot phan nhom phu tinh khtr giam dan d6 1a vi theo chiéu tir trén
xudng, dién tich hat nhan ting nhiéu nhung ban kinh nguyén tir ting khong déng ké, dan dén ting
lyc hiit cia hat nhan di véi electron & 10p ngoai ciing va do d6 tinh kim loai giam.
1.32. Nguyén t6 c6 Z = 120.
1.33. Nguyén t6 Z = 112 c4u hinh electron 6d!0 752, nguyén té chuyén tiép nhém IIB

Nguyén t6 Z = 118 c4u hinh electron 7s? 7p6, nguyén t4 khi hiém, nhém VIIIA, bén vé mit hod
hoc.

BAI 2. LIEN KET HOA HOC VA CAU TAO PHAN TU

2.2,
Ay > 2 Lién két ion
Ay < 2 Lién két cong hod tri. Trong d6 khi Ay = 0 lién két cong ho4 tri khéng phén cuc

0 <Ay <2lién két hod tri cong phan cuc.

2.3,
H

. f L

H-0:H H:N:H H:N:H 02020 0::5+0|

[0 | | 0:C:0  0::5~-0
H

10| H:O 0

. . I = | —_—. —

0::8+0| H:0:N+ 0| H:0:N S

B I R

2.7. Lién két ho4 hoc tao ra do su xen phu cac AO theo truc ndi hai nhén cua nguyén tir dugc goi la lién
két xich ma. Lién két ¢ ¢4 thé hinh thanh do sy xen phu cdc ddm may s— s, s— p hay p— p (hinh 2.2).
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i' N
&

P -P
Lién két o dat dugc sy xen pht 16n nhét vi vay lién két xich ma 1a lién két bén.

— Lién két ho4 hoc tao ra do sy xen phu cdc AO ¢ hai bén cua truc ndi hai nhan nguyén tir dugc goi
la lién két pi. Lién két 1t ¢6 thé hinh thanh do sy xen pht cic ddm may p —p, p—d hay d — d.

So vai lién két 7 thi lién két 6 bén hon vi mirc dd xen phu 16n hon va ving xen phu nam trén truc
noi hai nhan nguyén tu.

2.8. Lai hod la su 16 hop cdc AO khdc loai de tao ra cdc AO hoan toan giéng nhau vé hinh dang, kich
thich va nang luong nhung co hwong khdc nhau.

Lai hoa sp

2 AO lai hod (may lai hod) hudng theo 2 hudng trong khong gian, truc cua 2A0 nay tao ra géc
180°. Vi du, su lai hod cdc AO trong nguyén tu Be.

Lai hoa sp2

3 AO lai hoa hudng theo 3 dinh cia mot tam giac déu, truc cua 3A0 nay tao ra géc 1200, vi du, su
lai hod cac AO trong nguyén tu B.

Lai hoa sp3

4 AO lai hod hudéng theo 4 dinh cia mdt tir di¢n déu, truc cua cic AO nay tao ra goc 109928’ Vi
duy, su lai hoa cac AO trong nguyén tur C.

2.9.

+ Phén ttr CO

Nguyén tir C khong lai hod. Giira C va O ¢6 1 kién két 6 (xen phu p, —p,) 1 lién két T (xen phit Py
- Py ) va 1 lién két & cho (p, cua nguyén tr O c6 mot cdp electron cho mot electron vao p, cua C
con trong)

+ Phan tit CO,
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Nguyén tir C lai hod sp. Giita C va O c6 2 lién két & (xen phu L — p ) va mot lién két 7 khong dinh
cu (xen phup, —p,-p,).

+ Phan tir SO,

Nguyén tir S lai hod sp®. Giita S va O thtr nhat ¢6 1 lign két 6 (xen phi L —p ) va 1 lién két T (xen
pht p, — p,). Gitta S va O thir hai (& nguyén tu nay cic electron dugc don vao 2 AO p, vap,, dé

trbng AO p,) lién két 6 cho (xen phi L — py).
+ Phan tr SO,

Nguyén tir S lai hod sp®. Giita S va O thtt nhat ¢6 1 lién két o (xen phi L — p ) va 1 lién két T (xen
phti p, —p,). Gitra S va O thr hai, ba (¢ cdc nguyén tir nay electron dugc ddn vao 2 AO p, vap, dé
trbng AO py) tao 2 lién két 6 cho (xen phu L — py).

2.10. Trong céc phan tir niy, cdc AO p thuan xen phtl v6i nhau tao ra céc lién két 7t . Cdc electron dugc

giai toa trén tat ca cc nguyén t C (lién két m khong dinh cu). Dé biéu dién lién két nay nguoi ta ding
cic ddu chAm

C---C.
\\.

2.11.
— Phan ttr dugc coi nhu mot hat thdng nhit, trong d6 mdi electron lién két chuyén dong trong mot
dién trudong gay ra bdi cac hat nhan va céc electron con lai.
— Khi hai nguyén tir di vao lién két, tit ca cdc AO cua chung t6 hop (xen phu) vOi nhau tao ra cac
orbital phan tir (MO). Nhu vdy trong phén tir trang théi cta electron dugc mo ta bang cic MO.
— Céc electron trong phén tir dugc phan bd dan vao cdc MO twong ty nhu sy phin b electron vao
cac AO.
Pé tim cdc MO ngudi ta to hop tuyén tinh cdc AO (phuong phip LCAO).
Khi t& hop hai AO thu duoc hai MO (ky hiéu MO¥ va MO¥).
Vi MO xédc suét’ c6 mat electron tap trung ¢ vung gitra hai hat nhan nguyén tu, tao ra lyc hut
gitta 2 nhan, lién két dugc hinh thanh. Do dé duoc goi 1a MO lién két.
Nguoc lai, voi MO* x4ac suét c6 mat electron gitra hai hat nhan béng 0 dan dén luc déy, lién két
khong tao thanh. Vi vay MO nay duoc goi 1a MO phan lién két.

2.12.
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2.13.

2.14.

2.15.

H,* (le) o

H (2e) o2
He,t*  (Be) o2 ol
He, 4e) o© 2 g2

1 3
Phan tr He, ¢6 d6 boi b = ) (2 -2) =0 vi vay khong ton tai.

A, Céu hinh electron Tir tinh
O, |o; of op M= T, W, = M. Thuan ti
Fa G: G:* G: :I1:f'c =T :n:f = :n;fr' Nghich tw
022‘ G: G? G: “: =T :n:f= :n;f Nghich tt
A, Cé&u hinh electron Tw tinh
Li, Gg G:*
Be, oo mi=m Thuan tir
N, G: G:* :ﬂ::= TI:}E': 622 Nghich tt
AB Cau hinh electron T tinh
CN- GE .52‘ ﬂi= ?Tf, . Nghich tir
co ci op W= :n:fr . Nghich ter
NO* c: o W= W oy Nghich tcr
HF G::Jk G Hik]k_ H}z:ku; G Nghich tt
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2.16.

0,5 o o of #i=x mo=m  B=25
5 G: G? o :n:z= :n:fr :n:f:w = :n:;* B=20

0, o o o ni=m, 1. =gn: B=10

0, c: o oL M= T, T = :n:;f b=2

0,* ¢6 d¢ dai lién két nho nhat va nang luong lién két 16n nhat.
0,2 ¢6 o dai lién két 16n nhét va nang luong lién két nhé nhét.

2.17. Khi hai nguyén tir ¢6 sy khdc nhau vé dd dién Am lién két v4i nhau sé tao ra lién két phan cuc. Vi
du: Lién két H — Cl trong HCI, lién két C - O trong CO,.

O+0-— 0-0+06-—
H—Cl 0=C=0

Mot phén tr s€ phan cyc khi trong phan tir d6 ¢6 lién két phan cyc va khong triét tiéu nhau, phan
tr ¢6 cau truc bat doi xang. Vi du: H 0, SOZ, CHCl

CO,, SO; 1a céc phan tir ¢6 cAu tric d6i xtng vi vay khong phén cuec.

SO,, H,0, CHCl, la cdc phén tir bat di x{mg vi vy phan tir 1a phan cyc.
2.18. CCl, 1a phén tir khong phan cyc. Do d6 khong tan trong nude la dung mdi phén cye.
C,HOH tao ra lién két hydro véi cic phan tir nudc vi vay c6 thé tan vo han trong nudc.

2.19. Theo thuyét nay sy hinh thanh phirc dugc thyc hién nho twong tic cho nhén cdc cép electron chua
chia sé cua cdc phoi tir va cac orbital trong cua ion tao phurc.

(Céc vi du xem trong sach gido khoa)
BAI 3. NHIET PONG HOC

3.1. Noi ndng la mot ham trang thdi, n6 phu thudc vao céic thong ) trang thai nhu: khdi lugng, nhiét do,
ap suat (néu la chat khi).

3.3. Tur biéu thirc ctia nguyén 1y thir nhit, néu trong diéu kién ding tich hay dang ép ta c6:

Qy =AU va Qp = AH
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ma U va H la nhitng ham trang thai nén bién thién cua né chi phu thudc vao trang thdi dau va cuoi.

3.5. D6i voi nhitng phan tir gdm 2 nguyén tir thi ning luong lién két gitta 2 nguyén tir bang nhiét nguyén
tor hod cua phan tu.

3.6.
AH =T AH] (zp) —ZHS (tg)
0 _ 0 0
AHE oy = AHy + AH ., + AH; 4,
= _15,26 — 151,83 — 68,3 = — 235 Kealimoal
3.7.
AHE(C sH1305 ) _EﬂHEco +6 Hchl - 4Hy
= _6.04,1 — 6.68,3 + 673 = -301,4Keal/mol
3.8.
AHy =YX E(tg) —XE (sp)
AHX E C + 4EC H + EH—H - EC—C - 6EC—H

= l47+ 104 83 2988——29 6Kcal

3.9. Entropy la m¢t ham trang thdi déc trung cho mirc d6 mat trat tu cua h¢. Xu ,thé' cua cédc qud trinh ty
nhién la dién ra theo chiéu tang mtrc d§ hon don (tr trang thdi c6 xac suat nho dén trang thai c6 xac xuat

16n) hay theo chiéu tdng entropy cua h¢ AS >0

3.10. Nang luong ty do la mot phan ctia enthanpy (du trit ning lwong toan phan cta hé) ma phan d6
trong qud trinh bién ddi ctia hé c6 thé sinh ra cong c6 ich.

G=H-TS
Khi hé bién d6i AG=AH-TAS = A’

Cic qué trinh ty nhién dién bién theo chiéu sinh cong c6 ich (A’<0). Tir d6 tiéu chuan tu dién bién
cua mot qua trinh hay phan ung 1a AG <0.

3.12.
a) AS <0 AH>0 — AG>0 Khong tu xay ra.
b) AS >0 AH>0 — AG<0 Tu xay ra.

c)AS>0  AH>0 — AG<0 khi |AH|<|TAS|xayra& T cao.
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3.13.

3.14.

3.15.

3.16.

d)AS<0  AH<0 — AG<0 khi |AH|>|TAS|xayrao T thap.

AHpLr =-57,8 +4,8 =—53 Kcal.
ASpu =7,6 +45,1 —49,1 -24,5 = - 20,09 cal/mol K.
AGpu =—53.10° = 298(— 20,09) = — 47013 cal/mol.

AG pur < 0  phan ung xay ra theo chiéu tu trai sang phai

AHZE =-941-2.11,0 + 154,4 = 38,3 Kcal
AGIE =944 2398+ 109,6 = 7,24 Kcal/mol

Vay ¢ 300°K phan tng xay ra theo chiéu tir phai sang trdi.

ASTE = QH - AGTE): T

= (38,3 - 7,24):300 = 0,104 Kcal/mol.K

Goi nhiét do tai d6 phan tng xay ra theo chiéu tir trdi sang phai 12 Tx. Khi d6:

Tz _ sp77Tx Tx A oo a1 _ apr 300K
AG L, = AH - TxAS, <O Néucoi: AH =~ AH .
Tx 300K
AR, =ASL

300K, , 300K _ . 0
Tu = &Hw . &Sw =385 0,104 = 368VE.

Aa, =LAGE tg-LAGY sp =-40,34 54,6163
A, =L gp -0ty = 54,5-45,1-52,5
AH, =Ag, +TAE, =-2,0.10% - 298, 431

Vay phan tng xay ra theo chiéu tir trdi sang phai, toa nhiét.

=-2 0Ecalimol.
=43 1calimol.
=—12846 cal
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Tinh theo bién thién enthanpy va entropy.

AG? = AH? - TAS?
AHY 13 hiéu tng nhiét cua phan ng & didu kién tiéu chuén.
ASY 12 bién thién entropy cua phan ung.

ASY=1S° - XS0
Tinh theo bién thién ning luong tu do sinh cta cdc chat AGOS

ﬂanu =T AG, (ein phémy — & & G, (tham gia)
Tinh theo thé oxy hoé — khir tiéu chuan.
AGY=-nFE®
Tinh theo hing sb can bang cua phan tng.
AGY =—2,303RT IgK
Tinh todn dwa vao bién thién ning luong ty do cta cdc phan ing ndi tiép.
BAI 4. DONG HOA HOC
44.

Bac phan ung phan anh sy phy thudc tong quat cta toc do phan ung vao ndng d6 chit phan ung.
Bac phan tng c6 thé ¢ gid tri bang 0, s6 nguyén hay phén so.

Phan tir s6 sir dung khi nghién ctru co ché ctia phan tng, n6 cho biét sb tiéu phan (phén tir, nguyén
tr hay ion) ddng thoi twong tic véi nhau trong mot phan tng o s0. Vi vay phén tur s0 chi c6 thé 1a
nhitng s6 nguyén dwong 1, 2, 3. Nhitng phan tmg c¢6 phan tir s6 > 3 hau nhu khong gip.

4.6.
b= Lin A [a] = o]
k [A] 4
t= lln[“!'!k':':| = 173,28 min
k 4
4.7.
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1 [l 1, 05 g
kol Ly 90 g0
t 4 2 025

In[A] =-klIt + In [AQ] khit=3
In[A] =-0,347 +In 0,5 =-1,734

[Al=e 1734 20,177 mM

4.8.
kg = 0693 1 35 1044
L5000
b = 0693 59310757
Tu d6 E = 29604 cal/mol
4.9.

v=k [HZ]m[Iz]n
Khi [HZ] tang 2 lan v tang 2 1an —Sm=1
[IZ] tang 3 lan v tang 3 1an —Sn=1
Vay v = k2 [HZ] [Iz] phan tng bac hai.

4.10.

v = k;[NOJ*[0,] Goi néng d¢ dau ciia NO va O, tuong tmg la a va b

2. _ 2 ;.
ta co: v, = k3 a“.b. Khi:

— Tang ndng do O, én 4 lan vy =ks aZ.4b = 4v, tang 4 lan

~ Tang ndng dd NO va O, Ién 3 14n v, = k;.(3a)%.3b = 27v,, ting 27 lan.

— Gidm ndng d6 NO 2 1an v, =k, (% Y2b= :—D giam 4 1an.

4.12.
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T +u10 k
4ol :-},’n T4H4.10 _ (3?1)4= 92,4
JiT k'l'
4.13
Y =3

k
= Tl _ oy
T

— 1 =5 — ting thém 507

4.14. Vi toc @6 ty 1& nghich véi thoi gian, ta co6:

= kI+3'm :tiz _1 24 = ':,I'S = 23 — t'EI:I = 128 ngéy
}'cD t3l:l t3l:l
4.16.
-1
g= 2Lk ) ko 198295323 1n4'm{ = 16162 cal/mol
T,-T, k., 323-293 310
_;_'l: ]_nk_—|—£= ]_n d. ]_I:I_l +ﬂ: 23?9
RT 1,98.323
Ink = 10162 33,9
4.17.
1o _B(TL-T) _ 30000303-293)  kr _
k. RIL, 1,98.303.263 . ’
4.18.
ke, 1, 95
k, t, 60
k
po Dl S _ L98283293, T486,5 cal/mol
T-T, k 293-283
4.22.

a) Chiéu thuén; Khong chuyén dich.
b) Chiéu nghich; Chiéu thun.

¢) Chiéu nghich; Chiéu thuén.
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d) Khéng chuyén dich; Khong chuyén dich.

e) Chiéu thun; Chiéu thuin

4.23.

BAI

— Phan Ung thuan nghich.

Gom hai phan Gng thanh phan: Phan tng thuin va phan tng nghich.

A+B l_c_; C+D
JI-cﬂ.
Khi téc do phan tmg thuan bang toc do phan tmg nghich v, = v, ngudi ta ndi phan Gng dat tGi
trang thdi cin bang.

d[E] _

dt

O trang thdi cAn bang ndng do cic chat khong thay do6i hay

— Phan tg ndi tiép.
Phan tng dién ra theo nhiing giai doan nbi tiép.

Afiplc

Khi tc d9 tao ra B bang toc do phan huy né V| =V, nguoi ta n6i phan ung dat tdi trang thdi dung.

O trang thdi dirng ndng d6 chét trung gian khong bi thay dbi hay dlB] -
dt

5. DAl CWUONG VE DUNG DICH

5.5. Ap suit hoi bdo hoa 1a dp suét tao ra trén mit thodng khi qud trinh bay hoi dat t6i trang thdi can
bang.

5.7.

O cung mdt nhiét d ap §u§t hoi hay ap suét hoi bdo hoa ctia dung dich lu6én luén nho hon ap suét
cua dung mdi nguyén chat. Piéu nay dan dén:

Dung dich ¢6 nhiét d§ sdi cao hon nhi¢t d soi cia dung moi.

Dung dich ¢6 nhiét d¢ dong dac thép hon nhi¢t d§ dong dac cua dung mdi
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5.8.

5.9.

5.10.

S.11.

S5.12.

5.13.

5
180

0=

r=R.CT=0,082 " 298 = 1,33 atm
180

T .5

% _goesM
RT 0.082.310
0,184 1000
M, 100
r=R.CT=0,0g3 21881000505 560 o as ML~ 62 &
100 760

A

ks
M
0,4 Py
%= 0,082 2300 = 3,74.1,32.107°M = 1995, 2g

3 1000

M, 250

r=RCT=0,082 — 1 955 _ 0 82 Tir d6 My = 342 g
M, 250

E

9 1000
180 100
ATy =l m= 052 — 909 o 9e i g6 T, = 100,26 °C.
180 100
ATy =ty m= 1,86 — 9% _ 94 Tirds T, = —0,94°C,
180 100

AT, k,2,47 186
ATk AT 0,56

tiy d6 AT, = 0,744 "
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5.14.

Goi s0 gam glucose can phai lay la a

_ ilDDD
180 150
ATe=kym=186 21 _ 5750 T ds a= 10.30g
180 150
al, L8 _ s AT, =0,75"tir d6 AT, =0,226"°
AT 0,56

Vay dung dich s& s61 ¢ nhiét 46 100,226 0C

5.15.
ATy =0 — (= 0,279) = 0,379°
1,38
AT;=1,862°0 = 0,279, Tird6 M, = 92g
MC
5.16.

AT,;=5,4T8 — 5,232 = 0,246"

2,44 1000
"i"T-iz 4:'9? ﬁ= 0,246 Tir d6 W= 443 e EM}JEIEDE

Vay: Dang tu hop 2 phan tu.
5.17.
ATy=10,744"

aTg= 4,0 298 1000 _ g nus Tir ds M = 170g
M 20

Cong thirc phéan tir ciia hop chat CgHgO,.

BAI 6. DUNG DICH CAC CHAT BIEN LY

6.1.
[H*] = 1072 pH=-lg 102 =2

[H*] =107’ pH=-1g 1077 =7
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6.2.

6.3.

6.4.

[H*] =107 pH=-1g 102 =9
[H*1=3,1.102  pH=-Ig3,1.1072 = -1g3,1-1g10~% =1,5

[H"]=9.1078 pH = -1g 9.1078 = ~1g9-1g10~8 = 7,05

H,50,0,05M  pH=-1g2.0,05=1

HC1 0,001 M pH=-1g 103 =3
NaOH 0,01 M pOH =-1g 1072 =2 pH=14-2=12
Ca(OH), 0,02M  pOH =-1g2.0,02 = -1g4.1072 = 1,4 pH = 12,6

Dé so sdnh d6 manh cua acid hay base nguoi ta dung dai luong K A Kg hodc pK,, pKg. Gid tri K

cang 16n hodc pK cang nhd thi acid (hay base) cang manh.

acid base lién hop base acid lién hop
NH,Cl NH, NH,4 NH 4+
NaHCO, CO32_ NaHCO, H,CO,
H,0 OH~ CH;COONa CH,;COOH
C¢HsNH;Cl C,HsNH, H,0 H3OJr

H,N-CH,-COOH H,N-CH,-COO~  H,N-CH,-COOH  NH,-CH,-COOH

NaNO, HNO,
Na,SO, Khong phai acid hay base.

NaHCO3, HZO, H2N—CH2—COOH ludng tinh (vira la acid vira 1a base)

Theo cong thirc: a0 = \/K
C
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e CH,COOH 0,02M ¢ = 3,05.107
e CH,COOH 0,2M 0 =9,6.10~ = 1072 ndng d¢ tang thi o gidm
e CH,COOH 0,02M + CH,COONa 0,02M

CH,COOH = CH3COO'+H+

Nong do dau: 0,02 0,02
Nong d6 cin bang: 0,02 — x 0,02 + x x
g = X024 Nl xee 0,08
0,02 —x
Ta co: x=K,
x _ 1,85.107

=9,25,10°¢

D:_: =
0,02 2.107°

Nhan xét: So vdi dung dich CH,;COOH 0,02M do dién ly giam 30 lan
e CH;COOH 0,02M + CH;COONa 0,2M

CH,COOH = CH,COO0 +H*

Nong do dau: 0,02 0,2
Néng d0 can bﬁng: 0,02 —x 0,2 +xx
K, = 20,02 +%) N&u x<=< 0,03
0,02 —x

Ta ch: x= K

10

-5
x =1,85.1D _ 9,25.10'5

DL =
0,02 2,107
Nhén xét: So vi dung dich CH;COOH 0,02M + NaCH,COO 0,02M do dién ly giam 10 lan.

6.5.

Sy dién ly cua acid yéu trong dung dich thyc chit 12 phan tng cua né véi H,O dé tao ra H3O+
theo phuong trinh:

http://tieulun.hopto.org



6.6.

6.7.

Hs +HyO = Hz O+ A~
1

PH = (pK.-1gCo
o CH;COOH pH = %(4,?6 —1g10% =338
. HCOOH pH = %(3,?5 —1g107%) =238
* HIN O pH = %(3,35 —1g10-%) =268
* HCH pH = %(4,?6 —1g10® =566
. NaHPOs pH = %(pK'HEpoﬁ K 1,p0, )

12 (2,13 +721) =467

Su dién ly cua base yéu trong dung dich thuc chét 1 phan tng cia né véi H,0 dé tao ra OH™ theo

phuong trinh:

B+H,0 = H+ BH*
1
pH=14 - E (pr —lg Cb)
1 2
° NH3 pH=14- E (4,76 —1g10™) = 10,62
1 2
® CH;NH, pH=14- 2(325-1g107)= 1138
1 2
© CgHNH,  pH =14 3 (9.42-1g107%) =829

1
® NH,OH.  pH=14-2(797 - 1g1072) = 9,02

Trong dung dich dém c6 mat d@)ng thoi hai dang acid va base ciia mot cdp acid— base lién hop.

a) Dung dich dém phosphat NaH,PO,,/Na,HPO,,.

Trong dung dich dém nay ludn ludn ton tai cin bang:
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6.8.

6.9.

- — 17+ 2—

Vi vay khi thém vao dung dich dém H* cin bé“lng trén s& chuyén dich theo chiéu nghich tao ra axit
dién ly yéu H,PO,". Nguoc lai khi thém base (OH") hay pha loang, ndéng do H* bj giam xudng thi

dong thoi can bang s& chuyén theo chiéu thuan dé tao thém H va do d6 pH khong bi thay doi.

b) Dung dich dém carbonat NaHCO,/Na,CO;.

Trong dung dich dém nay ludn ludn ton tai cAn bang:

HCO,~ == H* + CO,>

¢) dung dich dém amoni NH 4CI/NH,

Trong dung dich dém nay ludn ludn ton tai cAn bang:

+ — gt
NH,* == H* + NH,

Giai thich twong ty nhu ddi véi dém phosphat.

Cong thire tong quat tinh pH cua dung dich dém:

[base lién hop]

PH = PR, * 18 1ot Ton bopl

a) pH=102+1g982502 _g4
0,1%0,1

b) pH=721+1g1=721
¢)  NaOH + CH;COOH — CH,;COONa + H,0
S6 mol ban dau: 0,05.0,16 0,22.0,4

8.103 88.1073

S6 mol sau phan tmg: 80.1073 8.10>

pH=4,76 +1g 8107 =376
80,107
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Su thuy phén cua mu01 la phan tmg gitra cdc ion cua mudi v6i nude tao ra acid yéu, base yéu hoic
ca acid y€u va base yeu Vé thuc chat su thuy phan 1a phan ng dién ly trong nudc cua acid hay

base theo Bronsted.

pH cua dung dich mudi phu thudc vao ban chat cua mudi va nong do cuia mudi (trur truong hop
muodi tao bdi acid yéu va base yéu).

* C;:HS:NH3CI

o CsHsCOONa

& KO,

e CsHsIMHCI]

CEH5NH3+ +H; O — CoHsMNH: + HiO*

= —l[pK —1gla)

pH= L 1075 - 12102 = 6,38

CeHs OO +HaO — CHCOOH + OH-

pH=14- %(pr —1gCh)

pH =14 %(9,81 1108 =21
N +H 0O — HMOo + OH-
pH=14 - %(10,65 - lgl[:]_zj =77 68

CsHsMH" + Ha O = O HsMN+Hzo*
pH= % (oK. - 15C.)
1

pH= (523 - 1g107%) = 3,61
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6.10.

MagCTaly

Haz 3y
(LTHa )220

NH4HCOO

CoHsIHAI O,

IMH4CI

Oy + Hy D — H 20—+ OH-
pH=14 - % (973 - 1g10_2] =4,14

khéng thuy phin pH="7
2 Hg* + 2Hz O = ZMNHs+ 2HsO*

pH= % pE,—1gCa)

pH = %(9,25 —1g2.10-3) = 5 48
NH,HCOO = NHy+ HCOOH

pH= % (14 + pK, — pEb)

pH = % (14+374-474 =65
CoHNHSITO; = C,HNH, + HNO,
pH = % (14 +3,25-325 =70

NH,CN = NH; +HCH

pH= % (144931 —474) =929

a) Day 1a dung dich base yéu:

1
pH=14 - 5 (9,42 —1g1072) = 8,29

b)

S6 mol ban dau:

C¢HsNH, + HCI — C¢H;NH,Cl
0,1.0,01 0,05.0,01

=103 =510

S6 mol sau phan tmg: 5.10~ 5.107

bay 1a mot dung dich dém:

pH = 4,54 + lg5

4
010 = 4,54

0—4
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3 . 0,01
¢) Nong d6 C,H,NH;Cl trong coc lic nay la e B 5.1073

Pay 1a dung dich acid yéu:

1
pH = - (4,58 - 1g5.1073) = 3,44

6.11.
Vi du: -
" H,PO, — H* +H, PO, g, = FHIELFO, ]
[F,PO, ]
a_
HEP[:]é_ s H-r + HPD42_ Kg — E-i-] H_IEPE:I-; ]
[FL,FO]
I—
HPO,* — H'+ PO > K= o]
[P0 ]
6.12.
PK B
&) CH, CH-CO  — OHCH,CH-COO —% CH,CH-COC
| i |
NEL! NEL: NEL!

dang ding dién

pHi = %(pKl + pK,) = %(2,35 +9,69)= 6,02

K =
HOOO-CH,—CH-COOH == HOOC-CH,—CH-CO0 — —00C-CH,- CH-COO0-
| | |
NEI} NEI! NEI}

Il K,

S OC-CH,—-CH- QOO0
|
NH,

pH = %(pKl + pKy) = %(z,oe +3,86) = 3,975

Tudng tif d&1 v81 Thyroain
pHi = %(pKl + pK,) = %(2,20 +9,11) = 5,65

v& lyain

pHi = %(ng + pKy) = %(8,95 +10,63) = 9,74
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6.14.

6.15.

6.16.

6.17.

6.18.

b) Khi pH < pH; Tbn tai & dang cation

a)

b)

pH > pH; ton tai ¢ dang anion

pH = pH, ton tai ¢ dang dang di¢n

S= T, = {51107 = 7,14.10° M

Ag,PO, == 3Ag" +PO,*
S 3S S

T=(3S)3.8=278*=27(1,6.10°)*=1,77.10718

Sr**+S0,%~ — S1S0,
[Sr**]=5.107*

[SO,>7]=5.10"*[Sr**][SO,>"] = 2,5.1077 > T Vay khong tao két tia.

Pb>* + 21" = Pbl,

[Pb**]=5.107

[SO,>7]=5. 107 [Pb?*][I"1> = 1,251077 > T Vay két tiia duoc tao ra.
[Pb**] =107

[SO,%7] = 1073 [Pb*][I7]? = 10~ < T Vay khong tao ra két tia.

Ag,CrO, —2Agt + Cro,>-

S 0,1+2S S
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T =(0,1+2S)2.8 Néu S << 0,1

Tac6: & = mé= 9'11[;3:2 = 9,10 M
6.19.
D¢ tan trong nudce BaSO, — Ba%*+ SO 42_
S S S

S = JT - \J’m__m= 10° M
b¢ tan trong H,SO, BaSO, — BaZt+ SO42_
S’ S 0,1+S
T=(0,1+25").8 NéuS$', <<0,1

Ta cf: S'=—=D—=10'9M

Nhdn xét: DY tan cua BaSO, trong dung dich ¢6 ion chung giam di so voi do tan trong nudc la

(S/S”) 10* 14n.
6.20.
[Co(lHP* = Co + 61H;
S5 omy hod: +3; S5 phdi tri: &
[Fe(CIg]3- == Fe* + 6CN-
S8 omy hod +3; 88 phditrl: &
[Fe(CaOg)aP~ = Fe?* + 302043
3% oxy hoa: +3; 56 phdi tri: 6.
[Fe(gly)a]* = Fe™* + 2 gly
S5 omy hod: +3; S5 phdi tri: 4.

6.21.

En=

_ [Co™ INH, T
[CoNH,), 1™

[Fe* ] [CN"
[Fe(CN), ]~

Fe™]1[C,05T
[Fe(C,0,),1"

[Fe™1lgly™ [
[Fe(gly) T
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biém tuong duong la diém ma dung dich chuan va dung dich can chuan d¢ phan ng vura da voi
nhau.

Cic chat chi thi trong phuong phép phén tich thé tich thuong 1a nhing chét c6 mau sdc thay 601
tai diém tuong duong hodc gan diém tuwong duong. Vi vay né cho biét thoi diém két thic chuin
do.

6.22.

a) Phuong phdp dua trén phan mg trung hoa: H* + OH™ — H,0 dé xdc dinh ndéng d6 dung dich
acid hay base.

b) Duong cong chuan d6 trong phuwong phdp trung hoa 1a dudng biéu dién sy bién d6i pH trong
qua trinh chuan do.

Puong cong chuép dd noi chung c6 dang chir S. Trén céc duong cong nay déu c6 nhitng budc
nhay pH. (xem phan ly thuyét)

Chi thi duoc lya chon theo nguyén tic: Chdt chi thi phdi ¢é khodng chuyén mau nam trong budc
nhay pH.

— Khi chudn mét acid manh bﬁng mot base manh budc nhay pH tir 4 —10. Vi vay c6 thé chon
methyl d6 (4,4 — 6,2) hay phenolphtalein (8 — 10).

— Khi chudn mét acid yéu bing mot base manh, buéc nhay pH tir 8 —10. Vi vay chi c6 thé dung
phenolphtalein.

— Khi chuin mdt base yéu bang acid manh, budc nhay pH tir 6 — 4. Vi vy chi c¢6 thé ding duoc
methyl do.

6.23.
Phuong phap dya vao tinh oxy hoda manh cua ion MnO,~ trong mdi truong acid
MnO,~ + Se + 8H* — Mn?* + 4H,0
dé chuén nhiéu chat khir khdc nhau nhu: H,C,0,; Fe**; H,0,,...

Pé chuin dung dich chta ion Ca®* ngudi ta chuyén toan bo ion nay thanh két tua CaC,0,, hoa
tan tua trong H,SO, rdi chuén H,C,0, tao thanh bang KMnO 4

6.24.
Goi ndng do duong luong ctia Ca** va Mg?* trong mau nudc 1a N ta ¢6:

0,05.N = 0,0036. 0,02tir &6 N = 1,44.1073 dlg/1
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6.25.

Vay do cung la 1,44 mili duong lugng gam/lit

Phuong phdp dua trén phan tng tao phuc gifta ion kim loai v6i nhiing chat complexon (vi du
complexon III Na,H,Y) dé xdc dinh nong do cta ion kim loai.

Na,H,Y+ Me?*— Na,MeY + 2H*

Chét chi thi thuong dung 1a eriocrom T den chit nay ciing tao phirc duoc véi cic ion kim loai
nhung c6 dac diém la dang phuc va dang tu do ¢6 mau khic nhau.

ErioC + Me?t — ErioC—Me + 2H*
xanh bién hdng tim

Phirc ErioC—Me khong bén bang phtic gitta complexon véi ion kim loai.

BAI 7. DUNG DICH KEO

7.2.

7.3.

7.6.

Mang tham tich 12 mang chi cho céc phén tir va ion di qua con cdc tiéu phan keo bi giit lai.

Mang thdm thdu 12 mang chi cho cdc phan tir dung méi di qua con phan tir hodc ion ctia chit tan bi
gitr lai.

Can bang Donnal duoc thiét 1ap khi c6 mot mang tham tich ngan cdch mot dung dich dién ly keo
(dung dich I) c6 nong d6 a va mdt dung dich dién ly phan tir nhé (dung dich IT) ¢6 nong do b va c6
ion chung.

— Khi a>> b chat dién ly & dung dich I khong bi chuyén qua mang vao dung dich II.

1

— Khi a = b chit dién ly & dung dich II chuyén X qua mang vao dung dich 1.

1

Khi a << b chit dién ly & dung dich II chuyén 1 qua mang vao dung dich L.

Mang cua cic té bao 1a nhung mang tham tich, dung dich trong té bao 1a dung dich dién ly keo.
Nho can bang Donnal trong té bao ludn duy tri dwoc moét ndng do ion dién ly nhat dinh dam bao
cho hoat dong binh thuong.

Céc tia tim (A = 450 nm) trong dnh sdng mat troi bi tan xa (vi du do cdc hat bui trong khéng khi)
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7.7.

7.8.

7.9.

7.10.

7.11.

7.12.

manh hon céc tia d6 (A = 750 nm). Do d6 cuong do énh séng do tryc tiép dén mét ta s& 16n hon
cuong dJ dnh sdng tim, nhin mat troi thay do hon.

Doi véi kinh hién vi, dnh sang dugc chiéu qua vat, hé thong quang hoc réi dén mat nguodi quan
sat.

Trong kinh siéu vi, 4nh sing dugc chiéu & phla bén. Néu vat la mot dung dich keo thi mit s& nhan
duogc 4nh sdng tdn xa tir cdc hat keo, trén nén den thay xuat hién nhitng chim sang lap lanh.

Déu dién tich cua hat keo so dich duoc quyét dinh boi ion ndm trong 16p hap phu uu tién.

{ (Fe,[Fe(CN)(]y), - n [Fe(CN)J*~ (4n-x)K* } X~ xK*
{ (Fe,[Fe(CN)(]y), - n Fe3*. 3n—x)CI™ } **. xCI”

{ (Fe(OH);) _n Fe3*. 3n—x)CI™ } **. xCI”

bi¢n tich trén hat keo protein do cdc nhém churc carboxyl — COOH va amin -NH, ¢ mach nhanh
ctia chudi polypeptid ctia protein tao nén.

Dau dién tich duoc quyét dinh boi twong quan pH cta mdi trudng va pHi.
Khi pH moi truong < pHi hat keo mang dién tich duong
Khi pH moi truong = pHi hat keo trung hoa dién.

Khi pH moi truong > pHi hat keo mang dién tich am.

Vi pH moéi trudng > pHi hat keo gelatin mang dién tich 4m nén trong dién truong né di chuyén vé
dién cuc duong.

Vi cac amin acid hodc cac hat keo c¢6 pHi khac nhau thi trong mot méi truong c6 pH xac dinh
ching s€ mang nhitng di¢n tich khiac nhau (c6 thé khdc vé ddu hodc gid tri di¢n tich). Do d6 trong
dién truong ching s& di chuyén véi nhimg téc do khdc nhau vé cic dién cuc. P4 1a co so cua
phuong phdp dién di dé phan tich ching.
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7.13.
— Céc hat keo tich dién cung dAu.

— Chuyén dong Brown (chuyén dong cuia cic tiéu phan keo dudi tic dong khong bi triét tidu ctia
céc phan tr dung moi).

— Pbi véi keo than dich thi ching con dugc bao quanh boi 16p vo solvat (hoac hydrat).
7.15.

O cira sdng cdc hat keo phit sa dudi tic dung ciia mudi trong nudc bién bi trung hoa dién tich va
dong tu thanh cdc bai phu sa.

BAI 8. PIEN HOA HOC

8.2.
Dang oxy hod la dang c6 s6 oxy hod duong hon va dugc viét trudc. Dang khir ¢6 sb oxy hod nho
hon va duoc viét sau. Vi du:
Zn>*/Zn; Cu®*/Cu; CH;CHO/C,H,OH; MnO, /Mn**
8.3.
a) Nghich; b) Thuan; c¢) Nghich; d)Nghich; e) Thuan; f) Thuan.
84.

a) 2KMnO,, + 5H,C,0, + 3H,S0, == 2MnSO, + 5CO, + K,SO, +8H,0

¢) 2K,Cr,0, +3C;H,0H + 8H,S0, == 2Cr,(SO,), + 3C,H;COOH + 2K,SO, + 11H,0

E=

M E-M
6 4

d) H,S + 2HNO; == S + 2NO, + 2H,0
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8.5.

8.7.

o .
1 2
+2_].r
X +5 +2 +1
2 MO, +HNO; =2 NO+ MOs), + H20
2y

A E: Ihfxf[ -(n-2ye — x]!kni
+5 +2
-2y )N + 3% =N
EML Oy + (Gnx-2y)HINCs — 32030y, + (nx-29) 0 + (2nz—y)HaO
+ +H +4 +1
b) M0, +H§ O — § Oz + M(SOq)n + Hz0

¥ +n
! 2M - 2n-ye —=2M

+ +4
m-y)I& +28 — &
MOy + Co—v)Ha50y — Ma(5040n + (n—v)50z+ + (Zo—v)HzO

Cong thuc Nernst

RT | [Ck]

ge=g'+ ——ln—-

[Kh]

Néu thay cdc gid tri cia F, R, 14y nhiét do T = 25 + 273 = 298°K va chuyén In thanh lg thi
phuong trinh Nernst c6 dang:

0. 0,059 I [Che]
n [Kh]

® Di¢n cuc hydro: (Pt) Hy/ 2H*
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Trén dién cuc xay ra phan ung:
2HY +2e = H,
£ =g" + 1g[H?

sm*sm, extrE;
Nguoi ta quy uoc: Enzn’“mz =0do do:
Zom+m, = 0,059 1g[H*] = - 0,059pH.
® Di¢n cuc khi Clo. (Pt) Cl,/ 2C1™
Trén dién cuc xay ra phan ung:

Cl, +2e == 2CI~

E
o o 009 F
lzu'lz':l Clzflz':l 2 [C l]E

g = &
clleclm ™ Sopecr

0,059 1g[Cl]
® Dign curc oxy hod khii ciia sit: (Pt)/ Fe3* Fe

Fe** +e — Fel

0 0,059  [Fe™]

EFa“.l'Faz"' =& Fa™ Fat = 1 lg [FE.'2+]

® Di¢n cuc quinhydron (Pt) / C.H,0,, C;H,(OH),

Trén dién cuc xay ra phan ung:
C¢H,0, +2e + 2H* = C¢H,(OH),

Thé dién cuc:

_ s 0,059 [CH,O,HT

El:.lui.n =g guin 3 lg [CJ_II‘EDH)E]

Vi [CcH,0,] = [C(H,(OH),]
Ta c6: Zgiy =& qua + 0,059 Ig [HY]

® Di¢n cuc calomen: Hg/ Hg,Cl,, CI”
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Trén dién cuc xay ra phan ung:
ng2+ +2e == 2Hg
Thé cua dién cuc Hg dugc tinh theo cong thirc:

0 0,059
EHEH-"HE = EHgH.ng Tlg[ a ]

. T
Talal cb [Hgg = +lefh
[Cl I

Thay ndng d6 nay vao cong thirc trén. Sau khi rit gon ta duoc cong thirc thé dién cuc cua
dién cuc calomel:

€., = €0uy — 0,059 1g [CI7]

Néu nong do Cl™ trong dién cuc c6 dinh thi € <a) KhOng doi.

e Di¢n cuc thuy tinh
€ =g +0059lg[H+]—8 - 0,059 pH
Trong dé Sott 12 mot hang sé ddi voi mbi dién cyc.
8.8.

0 0,059, [Cu®
) E= EDH.i'Du ph”m:+ 2 lg[Pb2+

1 =0,34—(-0,13)= 0,47V

_ 0 _
b) E_EN{‘“‘;M El.ér“'.l'llr-i_ 5 g Cr3+]3

0,05%

= _0,35 — (-0,74) + lg 4.107 = 0,46V

0,059, [Cu™], 0,058 0,05

E=—""] = 0,28V
o 2 C[Ca®] 2 ©0,005
0,059 [Fe™][Cr*]
) E= ., - 1 =0,77-(-0,41y= 1,18V
:I Fu™" iFe ' iCr 2 g [FE2+][CI'3+] ( :I

0,059, [Cl,][Fe*]
E:I E— El‘él&-"jcl Fe3+.l'Fe?++ 2 lg[CI_]g[FE}'-]

0,059, [C¥|[Fe*T
Encr;mr”_gllj?e“ﬂ?e“-'_ 3 lg[Cr:ﬂ]j[Fehf

= 1,36 -0,77=0,59 V

f) E=
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8.11.

8.12.

a) Cu/Cu* // Ag*/ Ag

b) (Pt) CL, / CI” // Fe3*, Fe** / (Pt)
¢) (P H, / H* // CI"/ CL, (Pt)

d) Zn / Zn?* /| Fe*, Fe>* / (PY)

e) (Pt) / Cr3*, Cr¥* /1 Ag™ / Ag

f) Pb / H,S0, / PbO,

Nguyén tic: Thiét 1ap mot nguyén t6 ganvanic gdbm mét dién cuc c¢6 thé phu thude vao pH

va mot dién cyc chuan. Po stic dién dong cia nguyén to va rit ra pH.

e Do pH bang cip dién cuc hydro—calomel
Thiét 1ap nguyén tb ganvanic:

— (Pt) H,/ H* // KCl,Hg,Cl, / Hg +

Stic dién dong do dugc ciia nguyén td nay:

E=gc, -¢
€y + 0,059 pH
Tads — pg-E%m
0,05%

e Do pH bang ciip dién cuc thuy tinh — calomen

Lap nguyén to ganvanic: Strc dién dong cia nguyén to:

E=gq, - ¢

_ 0
=€, — € + 0,059 pH

]
Tir d6 pH =2 Fa* e
0,059
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8.13.

Nguyén tic: Thiét 1ap nguyén t6 ganvanic gdm mot dién cyc chuén (vi du dién cuc calomel)
va mot dién cuc ¢6 thé phu thudc vao nong do ion can chuan. Sau d6 do strc dién dong cua
nguyén t va tir 6 tinh ndng do ion.

H,S0, © (Pt)H,/H,S0,//Cl", Hg,Cl,/Hg @
FeSO, © Fe /FeSO, // CI", Hg,Cl, /Hg @
AgNO; © Hg/Hg,ClL,, CI"// AgNO;/Ag @

NaCl ~ © Hg/Hg,Cl,, CI//NaCl/CL, (P) @

8.14.

) szE—smzm,BT—D,m:H

0.05% 0,059
pH = %(pKﬂ—lgGﬂj —pK = 2pH - 1gC. = 2.2,203 — 1gl0~ = 5,4
b _ 07-024 _
0,059
1
pH=14 -3 (pEy —1gGCy) — p K, = (14 + 1gCy — pH)
= 2014 +1gl0% - 7,81=9,4

8.15.

Goi d0 tan cua Ag,CrO, trong dung dich bao hoa la S (mol/l) ta c6:
Ag,CrO, — 2Ag" + Cr0, >~

S 2S S

T = 25228 = 483 Tt d6 S=31

Nong do Ag* ¢ dién cuc 4m s& 12 25 = 32T
Day 1a mot pin ndng do:

E=0,0581gl0! — 0,058lg s = 32T = 0,153
Giai ra ta dugc T = 7,02.10712
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8.16.

a) CuBr2—> Cu + Br2

b) 2H,0 — 2H, + O,

!
¢) 2AgNO; + Hy0 — 2Ag + 5 0, + 2HNO;

d) CaCl, + H,0 — H, + Cl, + Ca(OH),
e) 2AgNO3 + Cu(NO3)2 + 2H20 — 2Ag+Cu+ 4HNO3 + 02
f) NiSO 4t Ni (anod) — Ni (catod) + NiSO 4

8.17.

Ma bac thuc chét 12 tién hanh mot qua trinh dién phan dung dich mudi tan cta bac trong d6
kim loai can ma dung lam catod con anod Ia bac kim loai.

8.18.

w0 . .

a) Ep . = E" cua pin: (Pt) Ni/NiCl, / Cl, (PY)
=1,36-(-0,25)=1,61V AE = Epg -E pc = 1,85 -1,61=0,24V
_10 o e 2

b) EpC =E" cta pin: (Pt) Zn/Zn“" // H,0, Ht/ 0, (PY)
=1,33-(-0,76) =2,09V AE = Epg -E pe = 2,35 -2,09=0,26V

c) EpC =E" cua pin: (Pt) H, / H* // H,0, H*/ 0, (Pt)

=1,33VAE :Epg—EpC =1,67-1,33=0,34V.

PHU LUC
A. MOT SO KHAI NIEM CO BAN TRONG HOA HOC
1. Nguyén t6 hoa hoc

Khai niém dé chi mét loai nguyén tir. Mot nguyén t6 hod hoc duoc biéu thi bang ky hiéu hoa hoc.
Vi du: nguyén to oxy (O), canxi (Ca), luu huynh (S)...
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. Chit hoa hoc

Khéi ni¢m dé chi mot loai phan ti. Mot chét hod hoc duoc biéu thi bang cong thirc hoa hoc. Vi
du: muoi an NaCl, nudc HZO, nito NZ, sat Fe,...

. Nguyén tir

Nguyén tir 12 hat nho nhit cdu tao nén céc chat khong thé chia nhé hon nita bang phuong phip
hoa hoc.

. Phan tw

Phan tr duge tao thanh tir cdc nguyén t, la hat nho nhit cia mot chat nhung van mang day du
tinh chat cua chat do.

Vi dy: Phan to nuée H,O gdm 2 nguyén tir hydro va 1 nguyén tir oxy, phén tir clo Cl, gbém 2
nguyén tu clo, phén tir methan CH, gdm 1 nguyén tir carbon va 4 nguyén tir hydro...

. Khéi lwong nguyén tir

Khéi luong mot nguyén tir cia mot nguyén td. Khéi lugng nguyén tr duoc tinh bang don vi
. 1 . .

carbon (dvC). Mgt dvC bang G khoi lugng nguyén tir carbon (12C). Vi du: khéi lugng nguyén

tor oxy 16 dvC, Na =23 dvC.,...

. Khdi lwong phan tir

Khéi lugng mot phén tir ciia mot chat. Khdi lugng phan tir ciing duoc tinh bang dvC.Vi du: khbi
lugng phan tir cta N2 =28 dvC, HCIl = 36,5 dvC,...

. Mol

Luong chit chira N = 6,02. 1023 phan tir vi md (phén tr nguyén tir, ion, electron,...). N dugc goi 1a
s6 Avogadro va né bang sé nguyén tir C ¢6 trong 12 gam I2c.

. Khéi lwgng mol nguyén tir, mol phan tir, mol ion
Khéi lwong tinh bang gam cua 1 mol nguyén tir (phn tir hay ion...). V& s tri né ding bang tri sd

khéi lugng nguyeén tu (phan tu hay ion). Vi du: khéi lugng mol nguyén tir ciia hydro bang 1 g, cia
phén tr nito bang 28 g, cua H,SO, bang 98 g...

. Hoa tri

Hoa tri ctia mot nguyén t0 1a so lién két hod hoc ma mot nguyén tir ctia nguyén té do tao ra voi cac
nguyén tr khic trong phan ttr.

MB3i lién két dugc biéu thi béng mot gach ndi hai nguyén ti. Hod tri dugc biéu thi béng chit s6 La
Ma.
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Néu quy udc hod tri ctia hydro trong cdc hop chit bang (I) thi hod trj ctia oxy trong H,O0 bang (II)
ciia nito' trong NH; bang (III)... Dya vao hod trj (I) ciia hydro va hod trj (II) ctia oxy c6 thé biét
duogc hod trj ciia nhidu nguyén t6 khdc.

Can ctr vao hod tri, ¢6 thé phin cdc nguyén t6 thanh:

+ Nguyén t6 c6 hod tri khong d6i. Vi du:

Ag, H, cic kim loai kiém (hod tri I) O, Zn, cdc kim loai kiém tho (II),
Al (III), C4c khi hiém (ho4 tri 0).

+ Nguyén té nhiéu hod tri. Vi du:

Fe (I, III), Cu (I, IT), S (I, IV, VI).

Khai ni¢m ho4 tri con dugc mo rdng cho nhém nguyén ti. Vi du:

NO, (I), SO, (II), PO, (I1)

10. S6 oxy hoa
S6 oxy hod dugc quy udc la dién tich cia nguyén tir trong phén tu khi gia dinh rang cip electron
dung dé lién két voi nguyén tir khac trong phan tir chuyén han vé nguyén tir c6 do di¢én am 16n
hon.
Pé tinh s6 oxy hod ciia mot nguyén td can luu ¥:
 Sb oxy hod c6 thé 1a s6 duong, 4m, bang 0 hay 1a s6 1é.
e S oxy hod ciia nguyén td trong don chit bang 0.
e Mot s6 nguyén t6 c¢6 s6 oxy hod khong d6i va bang dién tich ion cia né.
— H, céc kim loai kiém c6 s6 oxy hod +1 (trong NaH, H c6 sb oxy hod —1)
— Mg va cdc kim loai kiém tho ¢6 sé oxy hod +2.
— Al ¢6 s oxy hod +3; Fe c6 hai s6 oxy hod +2 va +3.

— 0 ¢6 6 oxy hod -2 (trong H,0, O co s6 oxy hod —1)

e Tong dai s s6 oxy hod ctia cdc nguyén tir trong phén tir bang 0.

Vi du:
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+1 +46 -1

i} u] +1 -1 -+ +2.5 +7 -1
Zn, CL, NaCl,KaS O, Na,SO,, Na, S+ 0, KMn0O, , H, Ca
4 -2 -1 0 +3
CQ,, CoH.CH, CoH,0 (CH,CHOD), C.H,0, (CH,COCH), H,C. O,

11. Thé oxy hoa—khir tiéu chuin (298°K, pH= 7) ciia mét sb ciip oxy hoa — khir hitu co' va sinh hoc

Cap oxy hoa — khwr Phan trng e 0 (V)
acetat/pyruvat CH,COOH + CO, + 2H* + 2e— CH,COCOOH + H,0 -0,70
acetic/acetaldehyd CH,COOH + 2H* + 2e — CH4CHO + H,0 -0,58
Fe3*/Fe*Feredoxin Fed* + e —» Fe?* -0,43
H*/H, 2H* + 26 - H, 0,42
CO,/Formiat CO, + H* + 2e - HCOO™ -0,42
NAD*/NADH NAD* +2H* + 2e — NADH + H* 0,32
aceton/Propanol CH,COCH, + 2H* + 2e — CH,CHOHCH, -0,30
cystin/cystein cystin + 2H* + 2e — 2cystein -0,22
acetaldehyt/Ethanol CH,CHO + 2H* + 2e — C,H,OH -0,20
pyruvat/Lactat CH,COCOO™ +2H*+2e — CH;CHOHCOO™ -0,19
CoQ/CoQ (k) CoQ + 2H* +2e — CoQH, 0,00
Fe3*/Fe2*cytcromB Fed* + e — Fe?* 0,00
Fe3*/FeZ*myoglobin Fed* + e — Fe?* +0,05
Fe3*/Fe?*Hemoglobin Fed* + e —» Fe?t +0,17
Fe3+/Fe?*cytcromC Fed* + e — Fe?* +0,25
0,/20,” (H,0,) 0, + 2H* + 2¢ - H,0, +0,30
Cu?*/Cu*Hemoxyanin Cu?* +e — Cu* +0,54
O,H, 0,(K) + 4H* + 4e — 2 H,0 +0,82

12. Pwong lwgng gam

Buong luong gam cia mot chat 1a luong chit d6 tinh bang gam khi phan tng twong duong (két
hop hay thay thé) 1 mol nguyén tir hydro (1,008g).

Puong lugng gam ctia mot chit (thuong ky hiéu E) phu thudc vao phan img ma né tham gia vao.

http://tieulun.hopto.org



B. MOT SO BINH LUAT CO BAN
1. Pinh luat bao toan khéi hrgng. (Lomonosov — Nga, Lavoisier — Phdp)

Trong mot phan tng hod hoc, tong khéi lugng céc chit tao thanh bang tong khdi luong céc chit
tham gia phan ng.

2. Pinh luit thanh phan khong dbi. (Proust — Phdp)

Dbi voi mot hop chét xdc dinh, ty sb khéi lwong cua cdc nguyén td tao thanh hop chat 1a xdc dinh,
khong thay doi. Diéu nay ciling dugc hiéu la:

Mot hop chat du duogc dleu ché bang cdch nao di nira ciing ¢6 thanh phan xéc dinh, khong doi. Vi
du: Nude c6 thé diéu ché bang nhiéu cach khic nhau nhung ty s6 khoi luong hydro:oxy ludn ludn
la 1:8.

3. Dinh luit ty 1€ béi. (Dalton — Anh)
Dinh luat nay ¢6 ndi dung nhu sau:
Néu hai nguyen t6 ket hop v6i nhau tao ra mot s6 hop chét thi tmg véi cung mot khoi luorng
nguyén t6 ndy, cic khdi luong cua nguyén t kia ty 1 v6i nhau nhu nhirng sé nguyén don gian. Vi

du:

Hydro tao duoc 2 hop chat véi oxy la H,0 va H,0,. Néu tng voi mot don vi khdi luong cia
hydro (vi dy 1g) thi khéi lugng cua oxy trong H,O va H,0, 1an luot 12 8 va 16 gam tic la theo ty
1€ 1: 2.

4. Pinh luat dwong lwgng. (Richter — Buc)
DPinh ludt nay c6 ndi dung nhu sau:

Trong cdc phan ung hod hoc cic chét phan tng vira di voi nhau theo ciing mét sé dwong luong
(cling ttrc 1a theo cing mot s6 duong lugng gam).

5. Pinh luat Avogadro. (Avogadro — Y)
DPinh luadt nay cé ndi dung nhu sau:

O cung diéu kién nhiét d6 va dp suét, nhirng thé tich bang nhau cua moi chat khi déu chtra cung
mot s6 phan tir. Hé qua 1a: ¢ ciing diéu kién nhiét do, p suat mot mol khi bét ky chiém mot thé

thh bang nhau. Thyc nghiém cho thay & didu kién ti€u chuén (OOC, latm) md&t mol khi bét ky c6
the tich V=224 lit.

C. QUANG PHO VACH CUA NGUYEN T HYDRO (DAY BANME)
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656,3

486,1 434,0 410,1

Ha

Hy H, Hs

uang phd lién tuc

D. MOI TWONG QUAN GIPA TOA DO DECAC VA TOA PO CAU

Z
/ X = raind coarp
O . .
) ¥ = r ainf aineg
g . . - z=r coad
'\ ~ X
/ ®
¥
E. HE DON VI SI
7 don vi chinh thudc hé Si
NO Tén dai lwong Pon vi Ky hiéu
1 Chiéu dai mét m
2 Thoi gian giay s
3 Khéi lvgng kilogam kg
4 Lwong chét mol mol
5 Nhiét do kenvin K
6 Cuwdng d6 dong dién ampe A
7 Cwong d6 anh sang candela cd
M6t sé don vi Sl dan xuéat hay dung
NO Tén dai lwong Pon vi Ky hiéu
1 Lwc newton N
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2 Ap suét pascal Pa
3 Nang lvong joule j

4 Coéng suét watt w
5 Pién tich coulomb C
6 bién thé volt v
7 Tan sé hertz Hz

F. HE DON VI CGS

Chiéu dai: cm

Nang luong: erg, ky hi¢u ec, lec = 1077 jun (j).

bi¢n tich: don vi tinh dié€n, ky hi¢u dvtd, 1dvtd = 0,33. 10719 culon ©

G. MOT SO bON VI KHAC HAY DUNG

NO Tén dai lwong DPon vi Ky hiéu Hé s6 chuyén doi

1 Chiéu dai nanomet nm 109 m

2 Nhiét a6 celsius oC T(K) =t°C + 273

3 Ap suét atmosphere atm ~ 10° Pa =~ 760mmHg
bar bar ~10° Pa

4 Nang lvong ec erg 1077]
electron—Von eV 1,6.10719]

5 Dién tich d.v tinh dién ues 3,3.10720C

H. MOT SO HANG SO VAT LY HAY DUNG

Hing sé khi R 831j. mol"l.K!

1,98 cal. mol~! K1

0,082 1. atm. mol~! . K~!

Sé Avogadro N 6,02.1023 mol~!

Sé Faraday F 96 500 C.mol™!

http://tieulun.hopto.org



Hiang s6 Planck k 6,62.10‘34j.s =6,62.107%7 erg.s
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