LOI NOI PAU

Gido trinh Co sé 1y thuyét hoa hoc duoc viét nham phuc vu cho mon hoc nay ¢ bac
dai hoc thudc cac chuyén nganh k¥ thuét (xay dung, moi truong, co khi, nhiét, dién...), h¢
dao tao chinh quy tap trung.

Gi4o trinh trinh bay tap hop cac khai niém, dinh nghia, Iy thuyét, quy luat bién
d6i... trong hoa hoc nham cung cap cho nguoi hoc nhitng kién thirc co ban nhat vé hoa
hoc dé van dung trong cac linh vuc chuyén mon cua minh.

Gi4o trinh gdm c6 9 chuong.

Bdn chuong dau (1 — 4) trinh bay cac van dé vé ban chat cdu tao cua nguyén tir,
phén tir; quan h¢ phu thuge vé su bién doi cac tinh chét vat 1y, hod hoc cta cac hop chét
vao quy luat sap xép electron trong céc nguyén tu, phan tir. Dya trén co s¢ cac quy luat
bién ddi d6, néu 1én ¥ nghia cta bang bién thién tudn hoan cac nguyén t6 dudi 4nh sang
cua thuyet co hoc luong tir hi¢n dai.

Chuong 5 — 7 trinh bay cac van dé vé nhiét dong va dong hoa hoc. Ba nguyén Iy
nhiét dong hoc duoc trinh bay don gian nhidm muyc dich ung dung trong cac hé hoa hoc.
Phan dong hoc va cin bang hoa hoc dwa ra mot s6 cong thic tinh van tc phan tng, hing
s6 can bang va yéu t anh hudng dén cac dai luong do.

Chuong 8 — chuong dung dich trinh bay cac van dé vé qua trinh hoa tan, ndng do,
do pH...; moi quan hé gilra cac loai dung dich véi nhau.

Mot s6 van d¢é lién quan dén cac qua trinh bién doi dién hoa dugc trinh bay trong
chuong cubi ciing — chuong 9. Tir cac md hinh thi nghiém bién d6i hoa ning thanh dién
ning va dién ning thanh hod ning di dua ra cac phuong phap tinh, quy luat bién d6i thé
dién cuc, dién phan... va trén co s d6 da néu 1én mot sd Gmg dung co ban cia cac qua
trinh dién hoa.

Gido trinh nay dugc bién soan 14n dau tién nén chéc chin con nhiéu thiéu soét. Tac
gia rat mong nhan dugc cac y kién nhan xét cua cac ban déng nghiép, anh chi em sinh
vién va cac doc gia.

DPa Néng 7 - 2006
bao Hung Cuong
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Chuwong 1
MO DAU

1.1. HOA HQC VA NHIEM VU CUA HOA HOQC:

Hoa hoc 1a mdt trong nhitng mon khoa hoc co ban nghién ctru cac quy luat va hinh
thirc van dong, bién d6i cua thé gidi tw nhién: trong qua trinh phan tng hoa hoc mot chat
bi mat di va thay vao dé 1a xudt hién mot chat méi. Trong qua trinh ndy vira xay ra su
bién d6i thanh phan cta hop chat (thay d6i thanh phan nguyén tir cia phan tir), vira xdy ra
su thay d6i vé ciu tao ctia phan tu.

Do vay, nhiém vu ctia hod hoc 1a nghién ctru céc hinh thic van dong, cac quy luat
bién d6i ctia vat chat dé trén co s¢ d6 tim cach diéu khién chiing.

Céc qua trinh hoé hoc xay ra luén kém theo cac hién tugng vat ly. Vi dy, anh séng
s& phat ra khi dot chay magie, ning luong sé thoat ra khi dt chay nhién liéu. Trong
nguyén to ganvani, qua trinh hoa hoc chinh 13 nguyén nhin giy ra dong dién.... Vi vy
nghién ctru nhitng hién tugng nay ciling chinh la mdt trong nhitng nhiém vu cia hoa hoc.

Hoé hoc con ¢ mot nhiém vu rat co ban, quan trong nira — d6 1a thu nhan, téng
hop cac hop chat hoa hoc phuc vu thiét thyc cho doi séng con ngudi nhu: kim loai, hop
kim, phan bon, thudc chita bénh, thudc nhudm, hop chit cao phan tir, nhién li¢u, thuy
tinh, cao su, huong li€u, thuc phrflm...

& nudc ta hién nay, viéc thuc hién bén Chuong trinh trong diém Qudc gia trong do
c6 hai chuong trinh (cong nghé vat lidu va cong nghé ché bién sau thu hoach) dang dit ra
cho nganh hoa hoc nhiing co hoi va thach thire to 16n trong qua trinh phat trién ciia minh.

1.2. MOT SO KHAI NIEM CO BAN TRONG HOA HQC:

1.2.1. Vit chat:
Vit chat 12 mot khai niém téng quat, chung (tiéng Latinh: mater rerum — ngudi me

cua moi vat). Vat chét ton tai dudi hai hinh thirc: chat va truong.
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- Chét 1a tong hop nhiing cau thanh gian doan c6 khdi luong tinh duéi dang hat
nhu electron, proton, notron, nguyén tur, phan tu...
- Truong 1a lyc tuong tac gilra cac vat, cac tia... dugc ddc trung béng tinh lién tuc

(truyén di trong khong gian dudi dang séng) va c6 khéi luong tinh bang khong.

1.2.2. Nguyén tir, phan tir, chat hoa hoc:

a) Nguyén tir 1a phan tir nho nhét cta nguyén té hoa hoc ¢ trong thanh phan cua don
chat va hop chét.

b) Phan tir 1 hat vi mo dai dién cho chét c6 kha nang t6n tai doc 1ap va mang day du tinh
chat hoa hoc ctia chit. Do vay, néu phan tir bj chia nhé thi n6 khong con c6 du tinh chat
hoa hoc cta chat. Thong thuong, phan tir gdm 2 nguyén tir tré 1én lién két voi nhau (ngoai
trir khi tro gdm 1 nguyén tir). Nhimg nguyén tir ndy c6 thé 1a cing loai nhu phan tir oxi
hay khac loai nhu phén tir nude, phan tr khi cacbonic... Cac don chét ciia mot kim loai la
tap hop nhiing nguyén tur ciia kim loai do, vi vay trong kim loai, nguyén tir cling chinh la

phan ttr.

1.3. MOT SO PON VI PO TRONG HOA HOQC:
Ciing nhu cac nganh khoa hoc khéc, hod hoc sur dung tat ca cac don vi do cua Hé
th6ng do luong quéc té (SI). Ngoai ra hod hoc con sir dung mdt s6 don vi do riéng nhu

sau.:

1.3.1. Pon vi khoi lwgng nguyén tir, phan tir

Pon vi khéi luong nguyén tir (don vi cacbon - d.v.C) c6 khdi lugng bang 1/12 khéi
luong ciia nguyén tir cacbon *C.

Nhu vay, 1 don vi khéi lwong nguyén tir = 1 d.v.C = 1,66.107"kg, c6 nghia 1a
trong 1 gam c6 chtra 6,022.10% d.v.C. Gia tri 6,022.10 duoc goi 1a s6 Avogadro (Ny).

* Khoi lwong nguyén tir twong doi ciia nguyén to:

Khéi lwong nguyén tir tuong dbi ctia nguyén t6 1a khdi lugng trung binh tinh theo
d.v.C clia nguyén tir cia nguyén t6 d6. Tir gia tri ndy s& tinh ra dugc khdi lugng nguyén
tir kilogam (theo don vi SI). Vi du, khéi lugng twong ddi ciia nguyén tir luu huynh bang

32 c6 nghia 1a khéi lugng ctia mot nguyén tir lvu huynh 1a 32 d.v.C twong tmg voi:
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1,66.10%kg * 32 = 53,12.107kg.

* Khoi lwong phdn tiv twong déi ciia hop chit:

Khéi lugng phéan tir twong d6i ciia hop chat 1a khéi lugng trung binh tinh theo
d.v.C phan tir cua hop chét. Tir gia tri nay sé tinh ra duoc khéi lwong phén tir kilogam
(theo don vi SI). Vi du, khéi lugng phén tir tuong d6i cia CaCO; bang 100 c6 nghia 1a
mot phéan tir CaCO5 ¢ khdi lugng 100 d.v.C, tuong tng véi:

1,66.10°kg * 100 = 1,66.10>kg.

1.3.2. Mol:

Mol 14 lwong vat chét chira 6,022.10% hat vi md (phén ti, nguyén tt, ion, electron,
photon...).

* Mol nguyén tu:

Mol nguyén tir 14 gia tri tinh ra gam cta khdi lugng nguyén tir twong ddi cia
nguyén td (nd chinh bang sé d.v.C nguyén tr tinh ra gam). Vi dy, tir khéi luong twong ddi
ctia nguyén tr Na bang 23 suy ra khéi luong mot mol nguyén tir Na 1a 23 gam.

* Mol phan tu:

Mol phén tir 1a tdng khéi lugng cua 6.10* phan tir ciia hop chét tinh ra gam (n6
chinh bang s6 d.v.C cua phan tir tinh ra gam). Vi du, tir khéi lugng tuong dbi ctia phan tir

duong glucozo C,H,01 1a 342 suy ra khdi lugng mgt mol phan tir glucozo 1a 342 gam.

1.3.3. Dwong luwgng:
- Puong luong cta mot nguyén t6 13 sé lwong nguyén td d6 co thé két hop hodc thay thé
mot mol nguyén tir hydro trong phan ing hod hoc.
Vi du, trong cac hop chat HCI, H,O, PH;, CH, duong lugng cia cac nguyén t6 CI, O, P,
Clan luot1a 1, 1/2, 1/3, 1/4 mol nguyén tir cia nguyén to do.
- Khéi lwong duong luong (D) hay con goi 1a dwong luong khdi ciia mét nguyén té 1a
khéi lwong tinh ra gam ctia mot duong luong ctia nguyén tb do.
- Céch tinh duong luong khdi:

+ Puong luong khdi ciia mot nguyén té bang khdi luong nguyén tir (Az) cua

nguyén to d6 chia cho hoa trj (n) cua no:
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Az
n

b; = (1-1)

Trong truong hop nguyén to c¢6 nhiéu hod tri thi P, ciing ¢ nhiéu gia tri khac
nhau. Vi dy, Fe ¢6 hai ho4 tri (2, 3) nén Dg, s€ c6 cac gia tri 56/2, 56/3.
+ Puong luong khdi ctia mot bazo bang khdi luong phan tir ciia bazo (Mg) chia

cho s6 nhém OH (n) cia no:

(1-2)

+ Puong luong khéi ciia mot axit bang khdi lwong phan tir cua axit (M) chia cho

s6 nguyén tir H (n) ctia no:

(1-3)

Trong trudng hop axit c6 nhiéu nguyén tir hydro tham gia phan tng thi n dugc tinh
bang s6 nguyén tir H tham gia vao phan tng hoa hoc d6. Vi du, D, ctia H;PO,
(M =98) trong 3 phan Uing sau:

H3PO4 + NaOH = NaH2P04 + H20
H3PO4 + 2NaOH = NazHPO4 + 2H20
H3PO4 + 3NaOH = Na3PO4 + 3H20

lan luot 12 98/1, 98/2, 98/3.
+ Puong luong khdi cia mot 6xit bang khdi lwong phan tir cua 6xit (Mo) chia cho

(n) tich ctia s6 nguyén tir xi v6i 2 (tong hoa tri ctia kim loai trong cong thirc clia oxit):

(1-4)

+ Puong luong khdi ciia mot mudi bang khéi lugng phan tir cia mudi (My) chia

cho (n) tich ctia s6 nguyén tir kim loai nhan vé&i hod tri ctia no:
by = —*X% (1-5)
1.3.4. S6 6xi hoa

S6 6xi hoa (chi s6 6x1 hod, bac 6xi hod) la gia tri dién tich nguyén tir cia mot

nguyén t0 c6 dugc néu gid st rang tat ca cac lién két voi nguyén tir d6 déu 1a lién két ion.
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Sb 6xi hoa dic trung cho kha ning chuyén dich dién tir tir mot nguyén tir ndy sang mot

nguyén tir khac. S6 6x1 hoa cé cac gia tri am, duong hodc bang khong. S6 6xi hoa cao

nhat cia mot nguyén to chinh bang chi s6 nhom ma nguyén t6 d6 chiém cho trong bang

tuan hoan Mendeleep.

bé xac dinh s6 6xi hod trong hoa hoc ngudi ta st dung cac quy tac sau:

1.
2.

S6 6x1 hod cac nguyén tir trong cac don chat bang khong. Vidy, N,, S, Cr ...).
Kim loai Iudn ludn c6 s6 6xi hod duong. S6 6xi hod cua kim loai kiém luon luon

bang +1.

. Hydro luén c6 sb 6xi hoa +1, trir cic hop chat hydrua (NaH, CaH,, ...) — hydrd c6

s6 Oxi hoa -1.

Oxi ludn c6 s6 6xi hoa bang -2, trir cac hop chit peoxit chira nhém
—0-0— ( H,0,, Na,0,, ...), trong d6 6xi c6 s6 0xi hoa bang -1.

S6 6xi hoa clia cac nguyén tb con lai co thé c6 gia tri duong hodc am.

Tong céc gia tri s6 0xi hod clia cac nguyén tir trong mot phan tir bang khong.
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Chuong 2
CAU TAO NGUYEN TU

2.1. NGUYEN TU

Co s6 1y thuyét co ban nhat vé cdu tao vat chat - d6 13 kha nang phén chia vat 1y
cac chat thanh nhitng phan nho ma mdi phan van giit nguyén tinh chit hoa hoc cua né.
Cac phan nho d6 duge goi 1a phan tir. Néu tiép tuc phéan chia phan tir thi nhan dugc nhiing
phan nhé hon - d6 13 nhitng nguyén tir. Mot loat cac phat hién vao cudi thé ky the XIX va
dau thé ky thr XX di cho thdy rang nguyén tir co cu tao rat phirc tap.

Khi cho dong dién di qua chat khi va chit 16ng nguoi ta nhan thiy trong ca phan tir
1an nguyén tir déu c6 mot thanh phan chung - d6 1a dién tir. Bang phwong phap dong catot
dd xac dinh dugc dién tir co khdi luong 9,1095. 10*gam va c6 dién tich -1,6.10™"
Culong.

Biang phuong phap cho dong dién di qua dung dich dién li ciing d3 md ra cac dinh
luat dién phan va phat hién ra sy ton tai cic nguyén tir mang dién tich duong va mang
dién tich am (cac cation va anion).

Két qua cac thuc nghiém trén ddy da cho thdy rang nguyén tir dugc ciu tao rat
phtrc tap tir mot thanh phan 13 dién tr mang dién tich 4&m va mot phan khac mang dién
tich duong. Vay van dé dit ra 1a quan hé sip xép nhu thé nao giita dién véi phan mang
dién tich duong cta nguyén ta? Dé tra 161 cau hoi nay, trén co so cia cac thi nghiém cac

nha khoa hoc da dé nghi cac moé hinh cau tao nguyén ti.
2.2. MO HINH NGUYEN TU CO HAT NHAN:

2.2.1. M6 hinh Thomson

Thomson nhén thay rang khi ding mot chum tia X ban phéa qua 14 kim loai mong
thi chum tia X bi tan xa khong 16n 1am khoi huéng di ban dau. Tir thi nghiém nay
Thomson d3 dé nghi mé hinh : Nguyén tir 1 mot hinh cau dién tich duong duoc gan véi
nhirng hat electron dién tich 4m. Céc phan ti tich dién dwong ciing nhu cac electron phan

tan déu trong mot khoi cau trén cac 16p vé dong tdm khac nhau.
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2.2.2. M6 hinh Hagaoka :
Hagaoka cho rang nguyén tir dugc cdu tao gidng nhu sao Thd va cac quy dao
chuyén dong cua nd. Nghia 13 gom mot hinh cau mang dién tich duong va céac electron

chuyén dong theo nhitng quy dao tron xung quanh.

2.2.3. M6 hinh Rozofo (Rutherforrd).
Rozofo 1am thi nghiém ban pha qua 14 vang mong bang chum tia a

(hinh 2.1).

f

pZd

\A

4}
4\.

Hinh 2.1. Su tan xa cua tia a

Két qua thi nghiém cho théy c6 mot s6 tia a bi 1éch khoi hudng ban dau, mot s tia
bi quay tr¢ lai nhung c¢6 goc 1éch nho hon so vdi do 1éch cua electron trong thi nghiém
ctia Thomson. Tir thi nghiém nay, Rozofo cho ring phan dién tich duong trong nguyén tir
c6 khdi lugng 16n nhung co ban kinh nho. Rozofo dit tén cho phan nay 13 hat nhan.
Rozofo di dé nghi mé hinh cau tao nguyén tr gdm hat nhan nam & trung tim nguyén ti,
xung quanh co cac electron chuyén dong trén nhiing quy dao gidng nhu cac hanh tinh
quay quanh mat troi.

Uu diém: cac md hinh nguyén tir trén day déu da cho thiy ciu tao ctia nguyén tir
gdm c6 hai phan co ban: ving trung tim dién tich duong (hat nhan) va ving chuyén dong
xung quanh hat nhan mang di¢n tich am (electron).

Nhuoe diém: C6 hai nhuge diém chinh:

- Khéng giai thich dugc do bén vitng cua nguyén tir. Khi quay quanh hat nhén, electron
can phai birc xa mot phan ning lugng dudi dang song dién tir. Diéu nay dan dén sy mat
can bang gifra Iyc hit tinh dién cta electron voi hat nhan va luc huéng tim. Két qua la
electron bi ga“'ln vao hat nhan, chuyén dong bi triét ti€u.

- Khong giai thich duoc phd ciia nguyén tir - vach anh sang chira tat ca cdc mau sic cia

cau vong. Theo mo hinh ctia Rozofo, electron birc xa nang luwong mot cach lién tuc nén
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phé cua no ciling phai c6 cac vach lién tuc cach déu nhau. Thyc té cho th?iy réng, phé cua
cac nguyén tir khong phai 13 nhitng vach lién tuc cach déu nhau (hinh 2.2).
Aoi Xanh
Ho H3 ‘ ‘
1T 1T 1 1T 11 L T T I T 1
700 650 600 550 500 450 '350 nm

Hinh 2.2 Phé ciia nguyén tir hydro

Mit khéc, cac nguyén t6 khac nhau c¢6 phd nguyén tir hoan toan khac nhau.
2.3. MO HINH NGUYEN TU CUA BOHR

2.3.1. Thuyét Planck vé lwgng tir niing lwong

Nam 1900, khi quan sat hién tuong hép thu va blrc xa anh sang cua cac vat den
tuyét di, Planck nhan thiy rang 4nh sang tham gia timg phan nho ning lugng vao cac
hién twong trén. Nhitng phan nhé ning luong nay Planck goi 1a cac luwong tir ning luong.
Trén co s& cua phat hién ndy, Planck da dua ra gia thuyét: Ning luong buc xa duoc giai
phong hodc hap thu dudi dang nhimng ning luong gian doan goi 1a cac lugng tir ning

lugng e.
e =hy = — (2-1)

A- budc song

y - tan sd birc xa

h - hiang sb Planck (6,63.10°*J.s)

¢ - van tdc anh sang (300.000 km/s).

* M6 hinh cdu tao nguyén tir ciia Bohr

Van dung thuyét lugng tor cua Planck, Bohr da dé nghi mot mé hinh cAu tao
nguyén tir trong do6 cac dién tu:
- Chuyén dong trén nhitng quy dao xac dinh va khi quay trén cac quy dao ning luong

dugc bao toan (trang thai dung).
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- Méi qui dao ung voi mot mire ning luong dugce xac dinh béi nang luong ciia nguyén ti.

Véi nguyén tor hydro mirc nang luong cua electron dugc tinh theo cong thire sau:
E.= -13,6 & (eV) trongdo:n=12,3.. (2-2)
n

- Quy dao gan hat nhan nguyén tir c6 ning luong thip, quy dao xa c6 ning luong cao. Khi
electron chuyén tir quy dao ndy sang quy dao khac s& xay ra su hip thu hodc giai phong
nang luong:
e =hy =E, - E; (2-3)

Uu diém mé hinh nguyén tir ciia Bohr:
- Giai thich dugc phd vach cua hydro va cic nguyén tir trong tu hydro.
- Tinh dugc béan kinh cua nguyén tir hydro (ry).

Nhuweoc diém:
- Khong giai thich dugc phd cua cac nguyén tir phic tap, c6 nhiéu electron va anh hudng
ctia phd dudi tac dung cua truong dién tir.

- Thuyét Bohr ¢6 tinh chat doc doan.
2.4. THUYET CO HQC LUOQNG TU VE CAU TAO NGUYEN TU"

2.4.1. Tinh chit séng va hat ciia anh sang:
Vao cubi thé ky thir XIX dau thé ky tha XX, cac nha khoa hoc vat Iy da két luan

anh sang mang tinh chat ludng tinh:
- 4nh sang mang tinh chat hat: 1a tp hop cta cac photon (hat) c6 khéi luong m, dugc xéac
dinh bang dong ning: e = mc”.
- 4nh sang mang tinh chit song: thé hién qua cac hién tuong nhiu xa, giao thoa véi van

tdc truyén song: ¢ = Ig

Méi quan hé tinh chit song hat (quan hé nhi nguyén) duoc bidu thi bang biéu thic

Enstein-Planck sau:

1= (2-4)
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2.4.2. Tinh chit séng ciia cac hat vi mé:

Khi nghién ctru tinh chit chung vé chuyén dong ctia vat chét, Broglie nhan thiy
rang tinh song - hat khong phai chi ton tai duy nhét ¢ 4nh sang ma nd ¢ & bat ky mot hat
nao khac. Trén co s nhan dinh nay, Broglie di dua ra gia thuyét: moi vat chat chuyén
dong déu c6 thé coi nhu qua trinh song dic trung bang bude song 1 duoc tinh theo hé thirc

De Broglie:

o= L (2-5)

m — khéi luong ciia hat
v - van tbc chuyén dong cua vat chét

Tinh chit song - hat ndy ¢ & tat ca cac hat vi mo: electron, proton...

2.4.3. Nguyén Iy bét dinh ciia Heisenberg:

Vi ¢6 tinh song - hat nén vé nguyén tic khong thé xac dinh ddng thoi chinh xac ca
toa do 1an van téc chuyén dong cua hat. Do d6 khong thé v& hoan toan chinh xac quy dao
chuyén dong cua hat. Bidu nay duogc thé hién qua nguyén 1y bat dinh cua Heisenberg:

AX . AVy > 1 (2-6)

m
trong d6: AX - sai sb phép do toa do
AVy - sai s6 phép do van toc
Vi bi giéi han béi > h/m nén néu DX cang nhé ( phép do toa d6 cang chinh xac)

thi AV cang 16n (phép do vén tc cang khong chinh xéc).
2.4.4. Khai niém vé co hoc lrgng tir:

2.4.4.1. Ham song:

Vi chuyén dong cua electron co6 tinh chét song nén co hoc luong tir biéu dién su
chuyén dong cta electron trong nguyén tr biang ham séng
Y (x,y,z,t) trong d6 X, v, z 13 céc gia tri toa d6 ctia diém, t 13 thoi gian. V& ¥ nghia vat 1y
ctia ham song dén nay chua duoc xac dinh nhung dai luong YY?YdV 13 x4c suit tim

thay hat tai thoi diém t, trong yéu t6 thé tich dV = dxdydz c6 tim la M(x,y,z).
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Dé dién ta trang thai ton tai cta electron trong nguyén tir nguoi ta sit dung mé hinh
dam may dién tr. Pam may dién to thuong duogc biéu dién duéi dang mot bé mat cd gioi
han (x4c suat tim thay dién tir trong gidi han nay 13 khoang 90%). Khoang khong gian
xung quanh hat nhin nguyén tir ma & d6 x4c suét tim thdy dién ttr 13 16n nhat dugc goi 1a
orbital.

Viéc tinh x4c suit tim thay dién tir tai mot diém & trong nguyén tir hodc phan tir va
xac dinh niang luong ciia nd 1a mot van dé rit phirc tap. Van dé nay c6 thé giai quyét bang

su giup do cua phuong trinh song Schrodinger.

2.4.4.2. Phuwong trinh song Schrodinger:
Phuong trinh séng Schrodinger (1926) biéu thi mbi quan hé gitta thé ning U cia

dién tr va nang luong toan phan E cia no:

2

vy o+ 8’; "E - U = 0 2-7)
2 2 2
trong do: VY = 61,12/ + 61,12/ + 81/2/
Ox oy oz

m - khéi luong cua dién tr

h - hang s6 Planck

Nghiém cuia phurong trinh séng Schrodinger 13 cac ham s6 ¥y, W,, Vs, .... ¥, tuong
ung voi cac muc nang luong E,, E,, Es, .... E,. Nhu vay, tir nghiém cta phuong trinh séng
Schrodinger s€ tinh dugc lugng tir ndng luong cia cac hat vimo .

Ao la nghiém cta phuong trinh Schrodinger.

A=Y Y¥Y,...V,

A=Y (n,1,m)
2.4.5. Orbital nguyén tir (AO). Cac s6 lwong tir:

Orbital nguyén tir c6 thé viét dudi dang cac s6 nguyén dugc goi la cac sd luong tir:
n — sb lugng tir chinh
1 — s6 luong tir orbital (s6 luong tir phu).

m — s6 lugng tir ti.
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Cac sb luong tr ndy 13 nhitng tham s trong cac nghiém cta phuong trinh séng

Schrodinger.

2.4.5.1. S6 lwong tir chinh
Nang luong E, twong ung v6i nghiém W, cua phuong trinh song Schrodinger cua
nguyén tr hydro cé dang:

4
E, = - 2rme (2-8)

n*h’
trong do m — khdi lugng dién tur
¢ - dién tich cua dién tur
n—sb nguyén bét ky tu 1 dén ¥ duoc goi 1a $6 lugng tr chinh va dugc ky hiéu
thanh céac 16p tuong trng:
S6 lugng tir chinh n : 1 2 3 4. oo
Lép: K L MN...
Nhu vay, s6 lwong tir chinh n x4c dinh nang luong cua cac 16p dién tir. Trang thai
luong tir ciia nguyén tr ¢ mirc nang lugng thap nhat E, (twong tmg véi 16p n = 1) dugc
goi la trang thai co ban. Cac trang thai lugng tir cia nguyén tor ¢6 muc nang luong cao

hon E,, E;, ... dugc goi 1a cac trang thai kich thich.

2.4.5.2. 86 lwong tir orbital:
Sb luwong tir orbital 1 (sb luong tir phu) 13 tham sé dic trung cho hinh dang cua cac
orbital tirc 1a hinh dang cua cac dam may dién tir c6 gia tri:
1=0,1,2,3,..,(n-1).
S6 luong tir orbital co y nghia xac dinh do 16n momen dong luong chuyén dong

> :
|M | cua dién t:

| M |=41(1 +1).i (2-9)
2r
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) X
§
z z .
y y y
X X
X
Px Py P2
Z Z
y y
— X X
d,’ dyy
Z VA Z
y y y
/%/ X X X
dxz dyz dXY

Hinh 2.3. Hinh dang cac mady dién tir s, p va d

S6 lugng tir orbital thuong duoc ky hiéu bang cac chir cai goi 1a cac phan 16p:
S6 luong trorbital : 0 1 2 3 4 5.
Phan 16p: spdf g h..
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Tir s6 luong tir chinh s& suy ra s6 luong tir phu va cac phan 16p nhu sau: Gng véi mot gia

tri cua n s€ co n gia tri cua l.

S6 luong tir chinh n S6 luong tir phu 1 phan 16p
1 0 Is
2 0,1 2s, 2p
3 0,1,2 3s, 3p, 3d
4 0,1,2,3 4s, 4p, 4d, 4f

Nhu vy, ¢ 16p K (n = 1) cac dién tir chi c6 duy nhat mot hinh dang may dién tir s
(dang hinh cau);

O 16p L (n = 2) ¢6 hai hinh dang may dién tr s (dang hinh ciu) va p (dang qua ta
doi);
& 16p M (n = 3) ¢6 ba hinh dang may dién tir ... va c¢6 hinh dang rat phirc tap (hinh 2.3).
2.4.5.3. 86 lwong tir tir :

S6 luong tir tir (m) 13 s lugng tir diic trung cho sy phan bd cac orbital trong khong
gian. ing v&i mot gia tri cuia 1 cd (21+1) gia tri cia m. No ¢ céc gia tri:

m = 0,+1,£2, £3, ..., +]

So lugng tur tir xac dinh gia tri do 16n hinh chiéu cua momen dong lugng My trén truc z:

mh

My = o (2-10)
Tir s6 luong tir phu 1 s& suy ra m va s6 orbital (6 luong tir) nhu sau:
S6 lugng tr phul SO luwong tir tir m S6 6 luogng tir
0 0 1
1 -1,0,1 3
2 -2,-1,0,1,2 5
3 -3,-2,-1,0,1,2,3 7

Trang thai s c6 1 6 luong tir;

p— 36 lu(mg tr (pxa pya pz):

d-506 hf(mg tu (dx2-y2: dzZa dxya dyza dxz);
f—7 6 lugng tir...(hinh 2.3).
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2.4.5.4. S6 lwong tir spin:

Khi nghién ctru cdu tao phd ciia cac nguyén tir ngudi ta nhan thiy ring ngoai
nhing su khac nhau vé kich thudc, hinh dang, huéng phan bé trong khong gian cac dién
tr con c6 mot momen dong luong riéng spin (my), ¢ gia tri bang -1/2 va +1/2.

Nhu vay, mot dién tir trong nguyén tir dugc xac dinh béng 4 36 lugng ti: n, I, m, m,. Céc
s6 lwong tr ndy dic trung cho ning luong, thé tich, hinh dang va spin cua dién tir. Khi
nguyén tir thay doi tir trang thai luong tir ndy sang trang thai luong tir khac thi gia tri cia

cac s6 lugng tir cling thay d6i va may dién tir s& duoc sap xép lai.
2.4.6. Sw phan bo dién tir trong nguyén tir:

Su phan bd dién tir trong nguyén tir tuan theo hai nguyén 1y (nguyén 1y Pauli,

nguyén Iy bén viing) va quy tic Hun.

2.4.6.1. Nguyén ly Pauli:

Nam 1925, Pauli d4 phat biéu nguyén li: Trong mét nguyén tir khong thé c6 2 dién
tir c6 4 s6 lwong tir hoan toan gidng nhau.
Tir nguyén 1y Pauli c6 thé dé dang nhan thiy rang, trén mot orbital chi cé thé c6 2 dién tir
v6i s6 spin (-1/2) va (+1/2).
Nhu vay, phan 16p s (c6 1 orbital) chi cé thé c6 t6i da 2 dién ti;

p (3 orbital) — 6 dién tir;

d (5 orbital) — 10 dién tir;

f (7 orbital) — 14 dién tur ...

2.4.6.2. Nguyén Iy bén viing:

Trong nguyén tir cac dién tir c6 xu hudng chiém cac 6 luong tir thudc nhitng phan
16p c6 mirc ning luong thip nhat. Khi nguyén tir c6 mirc ning lwong thap nhit 13 nguyén
tir dang nam & trang thai bén nhat. Trang thai nay duoc goi 14 trang thai co ban.

Sy phén bd cac dién tir theo ning luong tuan theo quy tic Klexcopxki (hinh 2.4)
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@/ﬂ@f@f@f@f@/@
@@/®f@/@/@
@ﬁf@f@f@
H@@J

Hinh 2.4. Quy tdc sdp xép nang lwong Klexcopxki
2.4.6.3. Quy tic Hun:
Thi ty phan bd dién tir trong cac phan 16p tuan theo quy tic Hun: Trong mot phan
16p cac dién tr phan bd sao cho téng gia tri spin la cuc dai sao cho s6 dién tir ty do la
nhiéu nhat.

Vi du, ba dién tir cia phan 16p np’ c6 thé phan bd vao cac orbital theo 4 phuong 4n sau:

A

1 2 3 4

Theo quy tic Hun, chi ¢6 phuong an 1 1 hop 1.

2.4.6.4. Cong thirc dién tir:
Cong thirc dién tir duoc viét dudi hai dang: cAu hinh dién tir va ciu hinh 6 lugng ti.
* Cdu hinh dién tiv
Dang cong thirc ndy duoc viét theo thir ty sau:
- Viét s6 chi s6 luong tir chinh twong Gmg véi mirc ning luong ciia dién tir
- Viét chit chi phan 16p: s, p, d, f, ...

- Viét chi so twong ing véi tong so dién tir co trén cac phan lop do.
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Vi dy: 3s” tire 14 trén 16p M (n = 3) & phén 16p s (1= 0) ¢6 2 dién tir (phan 16p nay da
duoc 1am day).
4d’ tirc 1a trén 16p N (n = 4) & phéan 16p d (1 = 2) ¢6 3 dién tr (phan 16p nay

chua duoc lam day vi s dién tir bao hoa cta phan 16p nay 1a 10 dién tw).

* Cdu hinh 6 lwong tir
Dang cong thire nay duoc viét nhu sau:
- M&i 6 lugng tir dugc biéu dién bang mot hinh vudng
- Mbi dién tir dugc biéu dién bang mot mii tén véi mg = +1/2 (-)
hodc my=-1/2 ().
Vi du: Nguyén tr H (Z =1):

CAu hinh dién tu: 1s'

CAu hinh 6 luong tir: [ -]
Nguyén tiu Cl (Z=17):

CAu hinh dién tir: 1s725*2p%3s*3p°

5

®)
(98]
o

CAu hinh 6 luong tir: 3s* 3
NN EI
2s? 2p6
| Tﬁ# VN
Is
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Chuong 3
SU BIEN THIEN TUAN HOAN CAU TAO NGUYEN TU BANG
HE THONG TUAN HOAN MENDPELEEP

3.1. SU BIEN THIEN
CAu tao nguyén tir cia cac nguyén té hod hoc bién thién tudn hoan theo quy luat:
Cir sau su sip xép mot 16p dién tir thi lai bat dau hinh thanh mét 16p dién tir moi, tire 1a su

hinh thanh do6 xdy ra co tinh chu ky.

3.1.1. Chu ky 1.
Theo cong thirc tinh sé dién tir cia mdi 16p N =n?, chuky 1 (n=1) c6 2 nguyén
t6 hydro va heli:
He 1% ,
)He 1s
n =r Y
! x
3.1.2. Chu ky 2.

O chu ky nay dang xay ra su phan bd dién tir cua 16p L (n = 2). Do vay, chu ky nay
c6 8 nguyén td (tir Li dén Ne) v6i cac phan 16p 2s va 2p. Duéi day 1a cong thirc dién tir va

hinh dang orbital ciia mét s6 nguyén t6:
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n=2 Ay D .
ST

N Is2s%2p°
o EP
n=1 ?

{0 Is*2s%2p*
-
=y

3.1.3. Chu ky 3:
& chu ky 3 dang xay ra sy phan bd dién tir caa 16p M (n = 3) gém 8 nguyén t6 (tir
Na dén Ar) véi 3 phan 16p 3s, 3p va 3d:
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11Na [1s%2s22p®]3s! | § | 3p

3d
) T 1]
1sP [15225%2p%13s23p° [A] | [ | 3d
3p
3s
Ar [15225?2p®]3s%3p® |
1gr[ssp]sp|I e 3d

3s
Khac v6i chu ky 2, phan 16p 3d cua chu ky nay hoan toan khong c6 dién tir.
3.1.4. Chu ky 4

O chu ky 4 dang xay ra sy phan b dién tir caa 16p N (n = 4) gébm 18 nguyén 6 (tir
Z =19 d&én Z = 36). Nhitng chu ky c6 tir 18 nguyén t6 tré 1én dugc goi 1a chu ky 16n.
O 2 nguyén t6 dau ctia chu ky ndy dang xay ra su sap xép dién tir vao phan 16p 4s,
trong khi do phan 16p 3d con hoan toan chua c6 dién tur:
PK o 1s725%2p%3s*3p°4s’
PCa 1525™2p®3s™3p4s’
Tir nguyén t6 Z = 21 (Sc - Scandi) bat dau phan bd dién tir trén phan 16p 3d cho
dén Z =30 (Zn - Kém):
2S¢ 15%25%2p®3s%3p° 3d'4s?

07n  1525™2p®3s%3p® 3d'%4s>

Tir nguyén t Z =31 (Ga - Gali) bat ddu phan b dién tir trén phan 16p 4p cho dén
7 =36 (Kr - Kripton).
Cac nguyén t6 tir Sc dén Zn goi 12 nguyén t chuyén tiép. Nguyén t6 chuyén tiép 1a

nhirg nguyén té ma ¢ d6 xay ra su phan bd dién tir & phan 16p d hodc f ndm bén trong
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mot hodc nhiéu phan 16p bén ngoai di dugc lam day (bdo hod). Cac nguyén td chuyén
tiép duoc chia thanh 3 nhém:
1. Nhom co ban hay con goi 1a nhom d gdbm ¢6 3 diy véi mdi diy 10 nguyén tb:
-Diay 3d:  *'Sc (Scandi) — *°Zn (K&m)
-Diay 4d:  *°Y (Ytri) » *Cd (Cadimi)
-Didy 5d:  “"La (Lantan) — "*Hg (Thuy ngan)
2. Nhom Lantanoit gdm 14 nguyén t 4f: *’Ce (Ceri) — ''Lu (Lutexi)
3. Nhom Actinoit gdm 14 nguyén t6 5f: **Th (Thori) — 'Lr (Lorenxi)

3.1.5. Chu ky 5.

Chu ky 5 gdm c6 32 nguyén tb. Su phan bd dién tir & cac 16p va phan 16p cua chu
ky nay xay ra tvong tu nhu chu ky 4: hai nguyén t6 dau *'Rb - Rubidi, **Sr - Stroni) dién
tir phan bd trén 5s; sau nguyén t6 cudi (“In - Indi — **Xe - Xenon) trén 5p. Giira cac

nguyén tb s va p nay cac nguyén tb chuyén tiép day 4d: *Y (Ytri) » **Cd (Cadimi).

3.1.6. Chu ky 6.

Chu ky nay gdm c6 32 nguyén t5. Sy phan bd dién tir & cac 16p va phan 16p cia
chu ky nay bat dau tir phan 16p 6s cia hai nguyén té ( >°Cs - Cezi, *°Ca - Canxi), tiép theo
10 nguyén t day 5d (°’La - Lantan — *°Hg - Thuy ngan), 14 nguyén t6 nhom Lantanoit
4f: (*Ce - Ceri —> "'Lu -Lutexi) va cudi cung 1a sau nguyén té cta phan 16p 6p (*'Tl -

Tali — *Rn - Radon).

3.1.7. Chu ky 7.

Chu ky 7 duoc bat ddu bang hai nguyén té s (**°Fr - Franxi, ®Ra - Radi), tiép theo
nguyén t6 d (*Ac - Actini), 14 nguyén t6 f nhém Actinoit (*°Th - Thori — '"Lr -
Lorenxi), sau do lai tré vé cac nguyén té d (""Rf - Rutefodi, 'Db - Dubni, '*°Sg -

Seabrgi). Chu ky nay dén nay van con chua hoan thanh.

3.1.8. Nhan xét
Qua su phan b dién tir trén cac 16p va phéan 16p trong nguyén tir ctia cac nguyén tb

¢6 thé rut ra mot s6 nhan xét sau:
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- Sy hinh thanh vo dién tir ctia cic nguyén td c6 tinh chat tudn hoan: ctr sau mot diy
nguyén t lai bat dau hinh thanh mot 16p dién tir méi. Day nguyén t trong d6 dang xay ra
sy hinh thanh mot 16p dién tr moéi dugce goi 1a chu ky. Sy phan bd dién tir ctia chu ky n
duoc bat dau tir nguyén t6 dau tién trén phan 16p ns va két thuc ¢ nguyén t cudi cing véi
phén 16p bao hoa np.
- Su sdp xép dién tir trong nguyén tir ctia cic nguyén to nhin chung tuan theo quy tic ning
luong Klexcopxki nhung c6 mét sb trudng hop ngoai 18.

Vi dy, trong nguyén tir *’Cu, thay vi phan bd dién tir vao phan 16p 3d, 4s 1a
(3d°4s?) thi lai phan bd 3d'%4s":

PCu 1572s*2p°3s*3p°3d'%4s'

Su sdp xép co tinh ngoai 1& nay xay ra twong tu & **Cr, Mo, ’Ag, “Au...

3.2. BANG HE THONG TUAN HOAN CAC NGUYEN TO HOA HQC
MENDELEEP

3.2.1. Pinh luit tuan hoan Mendeleep va nguyén tic sap xép:

* Dinh ludt:
Tinh chit cua cic nguyén td va tinh chit cua cac don chit, hop chit cua cac

nguyén to phu thudc tudn hoan vao dién tich hat nhén.

* Nguyén tic sdp xép:
Mendeleep di sip xép bang hé théng tuin hoan cic nguyén td hoa hoc theo 3
nguyén tic sau:
- Céac nguyén t6 dugc xép theo chibu ting cua dién tich hat nhin Z
- Céc nguyén t6 thudc cung mot chu ky duoc xép theo hang ngang
- Céc nguyén t6 c6 tinh chat gidng nhau duoc xép theo hang doc (nhom)
Ngay nay, dudi anh sang cta thuyét co hoc lugng tir c6 thé rit ra mot sé nhan xét
vé sy sap xép cac nguyén td hod hoc ciia bang tudn hoan Mendeleep nhu sau:
bi¢n tich hat nhan nguyén tir Z 1a ddc tinh co ban nhat xac dinh ban chit cua nguyén

to.
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S chi gia tri dién tich hat nhan tring véi sb tht ti ctia nguyén td trong bang tuan
hoan Mendeleep.

Pién tich hat nhan chinh bang tong sb hat proton ctia nguyén tir. Khi sb lugng hat
proton thay doi thi tinh chat ciia nguyén tir ciing thay ddi, s th tu ctia nguyén tir thay
doi.

Sé dién tir trong mot nguyén tir trung hoa dién tich béng s6 dién tich hat nhan (tha tu
Z). Thay d6i s6 dién tir khong lam thay d6i gia tri Z (khong lam thay doi ban chat nguyén
t5), nhung 1am thay d6i trang thai dién tich cta nguyén ti.

Tinh chit hoa hoc, vat Iy ctia nguyén tir khong phai duoc xac dinh béi sb lugng dién tir
trong nguyén tr ma béi cdu hinh 16p v6 ciia cac dién tir.

S6 chu ky ma nguyén t6 d6 dugc sip xép chinh bang sé 16p dién tir cua nguyén td d6
(trtr paladi).

S6 nhém ma nguyén té d6 duge sip xép chinh bang hod tri cao nhit ctia nguyén té do.
Céc nguyén t6 s va p 1a nhitng nguyén té thudc nhom chinh (nhom A), cac nguyén té d va
f thudc nguyén té nhém phu (nhém B).

3.2.2. Sw bién thién tuan hoan tinh chat ciia cic nguyén to:

3.2.2.1. Nang lwong ion hod

I, eV

AT B
20—
15—

10—

1
9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 Z

I I I
1 3 5 7

Hinh 3.1. Su phu thuoc I vao $6 thir tw Z
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Ning luong ion hoa I 13 ning luwong can thiét dé tach mot dién tir ra khoi nguyén tir
nam & trang thai co ban:
Z—> 7 +e
Ning luong ion hoa c¢6 gia tri duong. Di véi nguyén tir co nhiéu dién tir, ning
lugng ion hoa lan luot c6 céc gia tri [y, I, L5,... twong ung véi dién tuor tha nhét, tht hai,
thtr ba ... trong 46 I, < I,< Is... Nang luong ion hoa bién ddi c6 tinh chu ky va nhin chung
theo quy ludt: cac nguyén t6 ddu chu ky c6 ning lugng ion hod thap, cudi chu ky c6 ning

lugng cao (hinh 3.1).

3.2.2.2. Ai luc vdi dign tiv
ai luc voi dién tur e 1a nang lugng tod ra hay thu vao khi mgt nguyén tr nhan mat
electron.
Z +e > 7
ai lyc véi dién tir co gia tri bang nang lugng ion hoa nhung khac diu ( ddu am). ai
luc vé6i dién tir bién dbi c6 tinh chit tudn hoan. Sy tuan hoan d6 phu thudc vao ciu hinh

dién tir ctia nguyén tr - s6 thi tr Z (hinh 3.2).

LR
30—
20—

10 —

1 1 1 1 1 1 1 1 1 1 1 1 1
6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Z
C N O F Ne Na Mg Al S§ P S Cl Ar K Ca

Hinh 3.2. Su bién doi tuan hoan I va E theo Z
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3.2.2.3.Dp dm dién
D6 4m dién 1a kha ning hut dién tir vé phia minh cia mot nguyén tir nay so véi
nguyén tu khac trong mdt phan tir. Theo Mallikel, 6 am dién ¢ co thé duoc xac dinh theo

cong thuc sau:
1
X = 2—(1 + E )

trong d6 - I 1a ning lugng ion hod thir nhat
- E a1 lyc vo1 dién tir
Hién tai c6 kha nhiéu thang do d6 4m dién khac nhau (khoang 20 thang do) nhung
thang do theo Flo (c = 4) thudng hay duoc sir dung. Sy bién doi d6 4m dién cua cac

nguyén t6 theo thang do nay (d6 am dién theo Pauling) dugc trinh bay trén hinh 3.3.

CHU K\(i1 H

I I I I
1,0 2,0 3,0 4,0

Hinh 3.3. Sw bién doi do am dién theo Pauling
D6 am dién cia cac nguyén td ting tir trdi sang phai theo chu ky va nhin chung
tang tir dudi 1én trén theo phan nhom. Cac nguyén to s cia nhom I c6 do am dién nho

nhat, cic nguyén t6 p ctia nhom VII c6 d6 am dién 16n nhét.
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3.2.2.4. Ban kinh nguyén tir va ban kinh ion:

Z

00T 06 08 0L 09 0S ov 0 Gc 0c ST Of S

C

>

Hinh 3.4. Su thay doi ban kinh nguyén tur theo Z
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Sy thay d6i ban kinh nguyén tir va ban kinh ion (r7) cua cac nguyén td theo sb thi

tu Z c6 tinh chit tudn hoan (hinh 3.4): tang tir trén xudng dudi theo phan nhom va giam tir

trai sang phai theo chu ky.

3.2.2.5. Tuan hoan thir cdp va tudn hoan néi chu ky:

Su bién d6i cac tinh chat (ning luong ion hod, ban kinh nguyén tir...) cla cic

nguyén té theo phan nhom xay ra khong déu dan (hinh 3.5). Sy bién ddi nay duoc goi 1a

tuan hoan thr cap.

(k+btktl) eV

15
13
11
90—
70

10 30 501 1

r, A
1,5
1,0
0,5

Hinh 3.5. Sw bién doi I va ry ciia cdc nguyén tir nhém 1V theo Z

Tuan hoan ndi chu ky 1a sy bién thién tinh chat mot cach déu dan ¢ cac nguyén to

p, d, f do qua trinh sap xép dién tir vao cac phan 16p nay xay ra theo hai giai doan (quy tic

Hun). Vi dy, tudn hoan clia cic nguyén t6 thudc ho Lantandit
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Chuwong 4
LIEN KET HOA HQC

4.1. MOT SO KHAI NIEM CO BAN CUA LIEN KET HOA HQC

Lién két hoa hoc 1a mdt nhiém vu rat quan trong cua hoa hoc vi réng, néu khong
biét dwoc ban chét ciia su tuong tac giira cac nguyén tir 1an nhau trong phan tir thi khong
thé hiéu duogc nguyén nhan tao thanh vo ) hop chit khac nhau, thanh phén, ciu tao, kha
ning phan tng... cia chung. Ban chat cua sy tao thanh lién két giita cac nguyén tir chinh
la Iyc hut tinh dién gitra hat nhan nguyén tir va electron. Lyuc hut tinh dién nay phu thude
vao mat dd electron. Phu thudc vao su phan bd mat do electron trong hop chat nguoi ta
phan thanh 3 loai lién két trong hod hoc: lién két ion, lién két cong hoa tri va lién két kim
loai. Sy phan bd mat do dién tr co thé xac dinh duoc qua gia tri do am dién cua cac
nguyén to:
- Néu d6 am dién cia 2 nguyén tir tham gia tao lién két khac nhau 16n
(Dc > 2) thi lién két d6 1a lién két ion.
- Néu do am dién cta 2 nguyén tir tham gia tao lién két 0<Dc<2 thi lién két d6 1a

lién két cong hoa tri (cong hoa tri khong phan cuc Dc=0; cdng hoa tri phan cuc 0< Dc<2).

4.1.1. Cac thong sb co ban ciia phén ti:

CAu tao phan tir cia hop chit co thé dugc xac dinh qua viéc nghién ctru tinh chat
hoa hoc, vat 1y ciia nd. Ngoai ra, bang phuwong phap phén tich vat Iy nguoi ta xac dinh cac
thong s6 co ban clia phan tir: d6 dai lién két, goc hoa tri va cau hinh hinh hoc phén tir.

- 6 dai lién két 1a khoang cach giira hai tim hat nhan cua hai nguyén tir lién két hod hoc
v6i nhau. Vi du : do dai lién két giita nguyén tir hydré va oxi trong phan tir H,O la
0,92A°.

- Goc hoa tri 1a goc tao boi dudng thang tudng twong di qua tim cac nguyén tir lién két
hoa hoc véi nhau. Vi dy, goc lién két hoa trj cua phan tr nude H,O 1a 04,5°.

- Nang lugng lién két 1a dic tinh quan trong cua lién két hoa hoc, xac dinh d6 bén cua lién
két. V& gia tri, ning luong lién két duoc tinh bang nang lugng giai phong khi pha v& mot

lién két.
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Ning luong lién két clia phan tir ¢6 hai nguyén tir chinh bang ning luong phan ly
ctia phan tir d6 thanh nguyén tir. Nang luong lién két cua lién két A-B trong phan tir AB,

1a gid tri trung binh E, :

E s = - (4'1)

4.1.2. Gian d6 thé niing ciia phan tir:

Lién két hoa hoc chi c6 thé tao thanh trong trudng hop néu sb luong cac nguyén tir
tham gia lién két voi nhau (> 2). Su tao thanh lién két 1am cho ning lugng ciia hé (dong
ning va thé ning) giam xubng — hé bén hon. Xem xét su thay ddi thé ning cua hé va
khoang céach giita cic nguyén tir tham gia lién két co thé du doan duoc cau tao cia phan

tir. Sy thay doi thé ning ctia hé gdm hai nguyén tir hydro duoc trinh bay trén hinh 4.1.

E (kJmoal) -
800 -
400 - i
-400- |1
\ \
0,74 1 2 r (A)

Hinh 4.1. Sw phu thudc thé nang E vao khoang cdch r giita 2 nguyén tir hydro

Sy tao thanh phan tir hydro c6 thé giai thich dua trén co s¢ gian d6 bién ddi thé ning
hinh 4.1. Khi 2 nguyén tir hydro tién lai gan nhau thi giita chiing s& xuét hién 2 loai lyc:
1. Luc hut gitra hat nhan nguyén tr nay véi dién tr cia nguyén tir kia

2. Luc day giita hai hat nhan va giita hai dién tir cia 2 nguyén tir véi nhau
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O giai doan dau luc hat chiém wu thé, giai doan cudi luc déy lai chiém wu thé va két qua
tai mot khoang cach nhit dinh thé ning s& co gia tri cuc tiéu (phan tir ¢ trang thai bén
nhit). Khoang cach nay chinh 1a d¢ dai lién két (ddi voi hydro 13 0,74 A°) cua phan tir.
Tuy nhién qua trinh thay d6i nay chi xay ra giita hai electron c6 spin dbi nhau. Déi véi
truong hop hai electron ¢ spin song song v6i nhau thi khi nguyén tir xich lai gan nhau
giita chiing chi xuat hién lyc day — phén tir s& khong duoc tao thanh.

Su tao thanh phan tir hydro dwoc giai thich bang su xen phi may electron cia cac
nguyén tir voi nhau. Tai vi tri xen phu, mat do electron 1a 16n nhét, luc hat gilta cac hat

nhan vai dién tir tang 1én (hinh 4.2).

¥

O
0

o p

Hinh 4.2. Sy phén bé dién tir trong phén tir H,

42. LIENKET ION
4.2.1. Su hinh thanh lién két ion
Lién két ion 14 loai lién két dic trung gifta cic nguyén té c6 dd am dién khac nhau
16n (A > 2). Loai lién két nay thuong dugc tao thanh boi tac dung cia cac kim loai kiém
v6i cac nguyén td halogen.
Vi du su tao thanh phan tr NaCl tir nguyén tir Na va Cl:
Na(Z=11) Cl(z=17)
1s*25°2p°3s' 1s%25*2p®3s*3p°
Téng dién tich trong nguyén tir clia 2 nguyén tr nady & trang thai co ban bang

khong.
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Khi hai nguyén tir ndy tac dung voi nhau, cac phéan 16p 3s*3p’ cua clo c¢6 sb dién tir
gan bio hoa (bo bat tir ciia Ar) nén né kéo dién tir 3s' ctia nguyén tir natri vé phia minh
tao thanh anion CI'. Nguyén tir natri cho di mot dién tr trd thanh cation Na' ¢6 cau hinh
dién tir cia Ne:

Cation Na" Anion CI
1 s22sz2p6 1 s22s22p63 323p6
Céac ion Na" va CI' lién két v6i nhau boi luc hat tinh dién tao thanh phan tir NaCl.
Na" + CI' = NaCl

Sy ion hoa dé tao thanh cation va anion ctia cac nguyén td tuan theo quy luét:

- Xu huéng tao thanh cation cang ting khi nguyén t6 cang & vé phia bén trai va phia dudi
ctia bang tudn hoan.
- Xu hudng tao thanh anion cang ting khi nguyén t6 cang & vé phia bén phai va phia trén

cua bang tuan hoan.
4.2.2. Pac diém cuia lién ket ion:

- Cac hop chat tao thanh bang lién két ion & trang thai ran ton tai dudi dang tinh thé trong
do cac cation va anion dugc phan bd mot cach déu dan (vi dy, mang tinh thé khéi hinh 1ap
phuong ctia NaCl).

- C6 nhiét do nong chay, nhiét do séi cao hon so vo1 cac hop chat lién két cong hoa tri.

- Dang néng chay cua cac hop chat lién két ion c6 tinh dan dién.

- C6 xu hudng hoa tan t6t trong cac dung moi phan cuc ( vi du H,0).

- Khong bén, khong c6 tinh bao hoa va khong cé tinh dinh hudng.
43. LIEN KET CONG HOA TRI

Nhu d4 no6i & trén, khong thé giai chinh xac phuong trinh Shrodinger cho hé théng
nguyén tir trong cac phan tir. Vi vay dé tim quy luat phan bd dién tir trong phan tir ngudi

ta dung mot s6 phuong phap gan ding. Hai phuong phéap thuong duoc st dung nhat 1a
phuong phap lién két hoa tri va phuong phép orbital phan tir.
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4.3.1. Phuong phap lién két hoa tri (VB).

Co s& ctia phuong phap cong hoa tri xuat phat tir quan diém: hai nguyén tir trong phan
tir lién két v6i nhau bang su gbp chung ctiia mot hodc nhiéu cip electron véi nhau. Phuong
phéap cong hoa tri dugc dac trung cac dac tinh: tinh bao hoa, tinh dinh hudng va tinh phan
cuc. Cac quan diém vé lién két cong hoa tri dugc thé hién dudi ba tién dé co ban sau:

1. Lién két cong hoa tri dugc hinh thanh do su ghép chung cta hai dién tir ¢6 spin d6i
nhau ctia hai nguyén ttr tham gia lién két.
2. Muc do xen phu gitta hai may dién tir cang 16n, lién két d6 cang bén.

3. Lién két cong hoa tri duoc phan b theo phuong c6 kha ning xen phu cuc dai.
4.3.1.1. Tinh bdo hoa

¢2q2 on! C ¢252 2p’ N ¢2s2 2p°
t t1t
IR/ 5 4y 5 N ;

2 2 2

o trang thai kich thich: Bo c6 hoa tri 3, cacbon hoa tri 4:

* f?qz on'! . ¢282 2;)2
' ¥
? 2 ? 2
2 2

Tinh bdo hoa trong lién két cong hoa tri dugc quyét dinh boi sé dién tir doc than
ctia orbital nguyén tir. Trong nguyén tir cac electron ddc than ton tai dudi hai trang théi:
co ban va kich thich. Vi du: ¢ trang thai co ban, bo c6 hoa tri 1, cacbon c6 hoa tri 2 vO

nito ¢o hoa tri 3:

4.3.1.2. Tinh dinh huong
Vi may dién tir ¢o hinh dang khac nhau nén su xen phu cua ching véi nhau dé tao
thanh lién s€ xay ra theo hudng xen phu cuc dai. Tuy thudc vao phuong phap xen phu va

tinh ddi xtng cac lién két cong hoa tri dugc chia thanh: lién két s va p (hinh 4.3)
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AR
ZNEN
%

Hinh 4.3. Sy xen phii tao thanh cdc lién két s, p va d

4.3.1.3. Thuyét lai hod

Thong thudng cac orbital nguyén tir tham gia tao lién két cong hoa tri c6 ning
luong khac nhau. Vi du, nguyén tir Be sir dung 2 phan 16p 2s'2p', nguyén tor B (2s'2p?),
nguyén tor C (2s'2p’) nhung dé tao lién két, cac phan 16p nay t6 hop lai trén ciing mot
murc ning luong va cung yéu t6 d6i xtmg. Su to hop cdc trang théi electron ban dau khong
gidng nhau thanh cac trang thai giéng nhau trong lién két cong hod tri dugc goi 1a sy lai
hoa. Nhu vay, khi lai hoa cic nguyén tir da thay d6i hinh dang va ning luong orbital dién
tir dé tao thanh nhiing orbital mé&i ¢6 hinh dang va niang luong nhu nhau goi 1a orbital lai

hoa.(hinh 4.4)
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S e

(stp)-orbital sp-orbital

—
(stptp)-orbital spl-orbital
: ? 109° 2SE
(stptptp)-orbital Sorbital

Hinh 4.4. Hinh dang orbital lai hod sp, sp°, sp’
Hinh dang orbital sp trén hinh 4.4 cho théy mat do dién tr phan bd vé mot phia lon
hon phia bén kia. Két qua la sy xen phu cua phia c6 mat do dién tir 16n s€ tao ra lién két

bén hon so vé6i su xen phu cta s va p riéng biét.
4.3.1.4. Cac logi lai hoa

* Lai hod sp’

Dé 1am rd viée t6 hop ctia cac phan 16p electron theo mé hinh lai hod sp’, ngudi ta
xét su tao thanh phan tir CH,. Nguyén tir cacbon & trang thai co ban c6 hod trj 2 véi cau
hinh electron 1s*2s*2p?. Dé tao thanh phan tr CH,, nguyén tir cacbon phai chuyén sang
trang thai kich thich C” ¢6 hod trj 4 v&i cdu hinh electron 1s*2s'2p’. Trong trudng hop nay
phan tr CH4 duoc tao thanh béi ba dién tir Zp3 , mot dién tir 2s' cua nguyén tur cacbon véi
bbn dién tir 1s' ciia 4 nguyén tir hydro:
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Nhu vay, trong phan tir CH, s& ¢ 2 loai lién két: 3 lién két loai s-p va 1 lién két
loai s-s. Thuc té cho thdy rang trong phan CH, chi c6 duy nhat mot loai lién két ( 4 lién

két hoan toan giéng nhau).

B e 3

e

(stptptp)-orbital

Hinh 4.5. Lai hod sp’

Diéu nay duoc giai thich bang thuyét lai hod: dé tao thanh phan tir CH,, mot orbital
s to hop v6i ba orbital tao thanh 4 orbital lai hoa sp® c6 hinh dang va ning lwong hoan
toan nhu nhau. Céc orbital sp> nay khong giéng orbital s va p ban dau, co kha ning xen
pht cao hon tao thanh lién két bén hon.

Céc orbital lai hod déu c6 dién tich cung ddu va do vy chung s& ddy 1an nhau dén
mot khoang cach xa nhat. Déi véi lai hoa sp’, su phan bd xa nhit ciia bon orbital nay
chung duoc phan bd duéi nhitng goc 109,28°, goc tir tam cua tir dién déu (hinh 4.5).

Su lai hoa sp® twong tu xay ra & nguyén tir N cia phan tir NH;, nguyén tir O cia

phan tir H,O (hinh 4.6).
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104,5°
109928

Hinh 4.6 Su xen phu orbital trong phan tw CH,;, NH;, H,O

Nguyén tir N & trang thai lai hoa sp’ ¢6 5 dién tir trong d6 c6 mét cap dién tur
khong phan chia ndm trén mot orbital lai hoa. Lic ddy cua cip dién tir ndy voi cac orbital
lai hod con lai lam cho goc lién két giam xudng con 107,3° (< 109,28°).

Nguyén tir O ¢ trang thai lai hoa sp® ¢6 6 dién tir trong d6 c6 hai cip dién tr khong
phan chia nam trén 2 orbital lai hod. Luc day giita 2 cip dién tir ndy véi cac orbital lai hoa
con lai manh hon, 1am cho goc lién két giam nhiéu hon ( con 104,5°).

* Lai hod sp’

Pay 12 lai hoa cia mot orbital s v6i hai orbital p tao thanh ba orbital lai hoa sp’

nam trong mot mit phiang. Vi du lai hod & nguyén tir B trong phan tir BCl; (hinh 4.7).

cl cl
\j
B
A\
[0
. cl
N
N b

a

Hinh 4.7. Phan tir BCl;
a. Orbital lai hod sp°  b. Cau hinh hinh hoc

Goc lién két trong phéan tir BCl; 1a 120°, 1ai hod sp” 14 loai lai hoa tam giac déu.

* Lai hod sp
Lai hoa sp 12 lai hoa ctia mét orbital s va mot orbital p tao thanh hai orbital sp nam

trén mot duong thang voi goc lai hoa 180° (hinh 4.8).
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e = e f ) -
: P 180

$,p sp
Hinh 4.8. lai hoa sp

Vi duy, trong phan tir BeCl,, hai lién két duoc tao thanh do su xen phu cua may di¢n
tir lai hod sp ctia Be va p ctia C1. Phan tir BeCl, ¢6 cau hinh hinh hoc duong thang C1 — Be
- CL

A N
i i
i %
|
N y
! Y
! Be

Phan tir BeCl,
4.3.2. Phuong phap orbital phan tir

4.3.2.1. Ludn diém co bén ciia phwong phdp Mo
Phuong phap MO xemphan tr nhu 1a mot tap hop cua céc hat nhan va electron
trong d6 mdi electron chuyén dong trong dién trudng clia tat ca cac hat nhan va dién tir

khac. Tat ca cac electron phan tir (twong tu nhu trong nguyén tir) duoc phan bd vao cac
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orbital phan tir theo cac trang thai nang luong xac dinh. Mai orbital duoc viét boi cac sb
luong tir dic trung cho tinh chit cia dién tir & trang thai ning luong d6. Nhu vay, vé co
ban phuong phap MO 1a su van dung mé rong cua phuong phép AO, chi khéc 1a orbital
phan ttr ¢6 nhiéu trung tm hat nhan.

Vi orbital phan tir ¢6 nhiéu tdm nén hinh dang cta nd rat phirc tap. Pé don gian
hoa, trong phuong phap gan ding ngudi ta xem orbital phan tir nhu 1a mot to hop tuyén
tinh ctia cic orbital nguyén tir. Diéu nay c6 nghia 1a orbital phan tir dugc tao thanh boi két
qua phép cong W, va phép trir . cac orbital nguyén tir. Vi du, néu orbital cta 2 nguyén
tor A, B co ky hi¢ula W, , W thi orbital phan tir AB duoc tao thanh tir Ava B s€ 1a:

VY, = c¥s + ¥p (4-2a)
VY. =c¥Wa - VW5 (4-2b)
trong d0 ¢, va ¢, 1a phan orbital nguyén tir trong img tham gia tao thanh phan t.

Tuong tu nhu trong phuong phap AO, ngudi ta sit dung cac chit cai s, p, d, f.. dé
biéu dién céc orbital phan 16p thi trong phuong phap MO ngudi ta sir dung céc chir cai Hy
lap s, p, d, j... & biéu dién cac loai orbital lién két.

Biéu dién phan tir theo phuong phap MO cé nghia 1a x4c dinh dang orbital phan tir
, mirc ning luong cua chiing va dic tinh phan bd dién tir trong cac orbital . Quy luit phan
b6 dién tir trong MO ciing ciing tuan theo 2 nguyén 1y (nguyén ly Pauli, nguyén 1y bén
vitng ) va qui tic Hund nhu trong AO. Diém khéc biét & day 1a sy phan bd dién tir theo
mirc nang lugng xay ra kha phtc tap . D6i v6i cac nguyén t6 chu ky 1 va cac nguyén to tir
liti dén nito thude chu ky 2, cac dién tir duoc phan b theo quy luat mirc ning luong sau :

o5 < gl*s< O, < g;‘s< r,=n,< 0o, < 7r; = 72'; <o,
Dbi voi 2 nguyén t6 cudi chu ky 2 (oxi va flo) c6 qui luat phan bb nhu sau:
O <0< 0y5<os, < 0p<7m =7,< T, =x, <o,
4.3.2.2. Cdc loai orbital lién két trong phén ti
Hinh dang may dién tr va mtrc ndng luong ctiia phan tir tao thanh tir hai electron

Is' cua 2 nguyén tir theo phuong phap MO dugc biéu dién trén hinh 4.9.
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Hinh 4.9. Su tao thanh lién két va

MO

-
N

|

Sls

AO

Ny

Sis

/
\

Tuong tu nhu céac electron s, hinh dang may di¢n tir vda mic nang luong xen phu

ctia 2 electron p duoc biéu dién trén hinh 4.10 va 4.11.

AO

Cad

—

A

2Px

-~

iy

2Px

MO

*
S "opx

Hinh 4.10. S tao thanh lién két va

Sopx
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AO MO

Hinh 4.11. Su tao thanh lién két va
Su tao thanh céc orbital phan tir tir cac nguyén tir thudng duoc biéu dién dudi dang

gian do nang luong (hinh 4.12, 4.13).

Nang laaiig E
zZ
z

Hinh 4.12. Gian do6 nang leong ciia nguyén tir va phan tir hydro
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Hinh 4.13. Gian do6 nang heong nguyén tir va phdn tir ciia cdc nguyén té chu ky 2
Trén co so ciia cau hinh dién tir hodc gian d6 nang luong ciia phan tir ngudi ta tinh

dugc bac lién két phan tir (N) theo cong thirc:
N = %-(n _n%) (4-3)

Trong d6: n - s dién tir nim & orbital lién két
n* - s4 dién tir nim ¢ orbital phan lién két

Can cur vao gia tri bac lién két phan tir s€ so sanh dugc do bén cua cac phan tur: doi
v6i cac phan tir dugce tao thanh tir mot loai nguyén tir, phan tir ¢6 bac lién két cang 16n thi
n6 cang bén.
4.4. CAU TAO PHAN TU
4.4.1. Phan tir khong phan cuc va phan cuc

Phu thudc vao su phan bd mat do dién tir trong phan tir, nguoi ta chia phan tu
thanh loai phan cuc va khong phan cyc.- Phan tir khong phan cuc 1a loai phan tir trong do
trong tam cua di¢n tich duong trung véi trong tdm cua dién tich am . Vi duy, cac phan H,,
N, O;...

- Phan tr phan cyc 1a loai phan tir trong do6 trong tdm cua dién tich duong va dién
tich am khong trung v61 nhau. Vi duy, cac phan td HCI, H, O, C,HsOH... 1a nhitng phan t&
phan cuc. PO phan cyc ciia phéan tir dugc xac dinh bang dai lwong momen ludng cuc ()

va tinh theo don vi Debai ( 1D = 0,33.10% C.m):
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n=lq (4-4)
trong do 1 - d§ dai phan cuc
q - dién tich

Momen ludng cuc cua phan tir bing tong vecto momen ludng cuc cua tit ca cac
lién két. Do vay, phu thudc vao ciu tao cua phan tir, momen ludng cuc cé thé béng khong
(m = 0) hodc khac khong (m ! 0). Vi du, phan tt CO, ¢c6 m = 0, phan tor H;O c6 m=
1,84 D.
4.4.2. Su phan cuc hoa phan tir va ion

Duéi tac dung cua dién truong ngoai, sy phan bé mat do electron ctia phan tir, ion

thay doi dan dén lam thay d6i momen ludng cuc dugc goi 1a sy phan cuc hoa.

4.4.2.1 Sw phin cwe hod bién dang (phdn cwe cam ting)

Do 1a sy phan cuc cua céc phan tir khong phan cuc khi ching dugc dat trong mot
dién truong ngoai: phan mang dién tich duong ctia phan tir bi hut vé phia cuc am cua dién
truong, phan mang dién tich 4m bi hiit vé phia cyc dwong (hinh 4.14).
phYa cic d-—ng (hxnh 4.14).

() —— | =
H -
Hinh 4.14. Sy phdn cuc bién dang
Momen ludng cuc ctua sy phan cuc bién dang dugc xac dinh theo cong thuec:
e = o E (4-5)
trong do a - do phan cuc hoa

E — cuong d6 dién truong

45
https://tieulun.hopto.org



4.4.2.2. Sw phdn cwc hoad dinh hwong

Day la sy phan cyuc hoa gitra cac phan tir phan cyc khi ching chuyén tir trang thai
chuyén dong nhiét hdn loan sang trang thai sip xép trat tu dudi tac dung cua dién truong

ngoai (hinh 4.15).
<>
=p0 —j==o|
+
Hinh 4.15. Sy phan cuc hod dinh huong

4.4.2.3. Sw phén cuc hod twong hé

Day 1a su phan cyc giita cac ion khi ching xich lai gan nhau: ion ndy giy ra su
phan cyc hoa dbi véi ion kia. Hién twong nay 1am ting tinh chat cong hoa tri ctia ion va

do d6 1am ting do bén cua lién két ion.
4.4.3. Lién két cho nhin:

Néu mét phan tir ¢ cip electron chua tham gia lién két va phéan tir (hodc nguyén
tir) khac co orbital tréng thi giira chung s& c6 thé lién két voi nhau bang lién két cho nhan.
Loai lién két nay thuong gip trong phirc chat hodc trong cac trang thai chuyén tiép. Vi du,
cac hop chat: I,.NH;, I,.O(CHs),, AIC1;.NH;, AlCL;.0(C,Hs)s... Co ché tao thanh
lién két nay phu thudc vao loai orbital tham gia cho nhan. Vi du, trong sy tao thanh phan
tir NH, ', phan tor NH; da s dung cdp dién tr khong phan chia cua minh cho vao orbital

trong ctia H'

H H +
HN: + H o> HN > H
H H

Trong phirc chit BF;.NH;, phan tir NH; d4 str dung cdp dién tir khong phan chia coa

minh cho véo orbital tréng ctia BFs:

T i
H-Il\I: + IB-F — H-N—)lB-F
H F H F

46

https://tieulun.hopto.org



4.4.4. Lién két hydro:

Tén goi lién két hydro xuit phat tir thuc té loai lién két nay dwgc hinh thanh qua nguyén
tir hydro. & lién két ndy, nguyén tir hydro lam cau ndi giita hai nguyén tir c6 ban kinh nhé
nhung c6 do am dién 16n, trong d6 mot bén 1a lién két cong hoa tri va bén kia l1a luc hut
tinh dién. Nhirng nguyén td ¢ kha nang tao lién két hydro 16n nhat 1a N, O, F. Vi du, su
tao thanh lién két hydro gita cac phan tir H,O, HF:

...H-(l)...H— IOH-Cl) ...H-F..H-F.. H-F...
H H H

* Lién két hydro c6 cdc dic diém sau:

- Thudc loai lién két c6 do bén thap , khoang (40 kJ/mol).

- Lam tang nhiét do so6i1, nhi¢t d§ nong chay, nhiét hoa hoi, nhi¢t dung cua cac chat
hoa hoc (néu khong c6 lién két hydro thi nuée s& s6i & 80 °C).

- Gay ra sy bién doi bat thuong khdi luong riéng cua nudc (nudc cd khdi luong
riéng 16n nhét 1 g/ml & 4 °C).

- Anh hudéng dén d6 hoa tan ciia cac chat tan (ruou etylic tan vo han trong nuéc).-

DPoéng vai tro rat quan trong trong sy ton tai va hoat dong cia co thé sdng.

4.4.5. Lién két Van der Waals :

Lyc Van der Waals 14 lyc tac dung 1in nhau giita cac phan tir. Luc ndy duogc to
hop tur 3 loai luc: luc dinh hudng, lyc cdm ung va luc khuyéch tan. Téng thé nang cua
luc Van der Waals la:

E, = Ep + Ec + Ex (4-5)

Luc dinh hudng va lyc cam tng 1a do su phan cyc dinh hudéng va sy phan cuc cam
ung tao thanh.

Luc khuyéch tan duoc tao thanh do su Xuét hién momen ludng cuc tam thoi gitra
cac phan tir. Do electron ludn ludn chuyén dong dan dén su phan bd dién tich duong va

dién tich am I¢ch khoi vi tri can bang nén sinh ra momen ludng cuc tam thoi.
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* Pic diém ciia lwc Van der Waals

- Khong ¢6 tinh chon loc va tinh bao hoa.

- Niang luong tuong tac cia luc Van der Waals twong ddi nho (khoang dudi 40
kJ/mol).

- Giam nhanh khi khoang cach giira cic phan tir ting 1én (ty 1& v6ir®, trong d6 r 1a
khoang cach giita tim diém 2 phan tir).

- Tang 1én khi kich thudc va khdi lwgng phan tir ting.
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Chuong 5
NHIET PONG HOA HQC

Nhi¢t dong hoc nghién ctru quy luat diéu khién sy trao d6i nang lugng bao gém 2
quan diém:

1. Quan diém c6 dién: chi thiét 1ap hé thirc nang luong véi ap suat (P), thé tich (V), nhiét
d6 (T) ma khong chu ¥ dén cau tao ctia nguyén ttr, phan tir va co ché chuyén hoa.

2. Quan diém nhiét dong hoc théng ké: Xac dinh ning lugng dwa vao tinh chit cua cac
nguyén tir va phan tir.

Nhiét dong hoc 4p dung vao hoa hoc dugc goi 1a nhi¢t dong hoc hoa hoc. Noi dung
chu yéu cta nhiét dong hod hoc dya trén ba nguyén 1y co ban ctia nhiét dong hoc. Trén co
s¢ van dung ba nguyén 1y co ban nay, nhiét dong hod hoc cho phép :- Tinh dugc nang
luong trao doi cta phan tmg hod hoc- Tién doan dugc chiéu cta ciia phan Gmg hoa hoc-
Gié6i han tu dién bién cua mot phan trng hoé hoc.

5.1. MOT SO KHAI NIEM CO BAN VE NHIET PONG HQC
5.1.1. HE va méi trwong

H¢ 1a mét vat, mét nhom vat duoc tach riéng ra co thuc hoac bﬁng sy tudng tugng
dé nghién ctru; phan con lai 1a méi trudong.

H¢ nhi¢t dong hoc dugc phan chia thanh nhiéu loai khac nhau:

* H¢ dong thé: c6 tinh chat dong nhat ¢ tat ca moi diém cua hé. Vi du, khi nén
trong binh, rugu chira trong chai... (mdt pha)

* H¢ di thé (hé c6 hai pha tré lén): c6 tinh chat khong dong nhat trong d6 cac
phén khac nhau cua h¢ dugc phan chia v&i nhau b'?lng bé mat vat ly. Vidy, nudc va
nude da 60 °C...

* Hg vt Iy: hé ma trong d6 xay ra cac qua trinh thay d6i vat Iy nhung khong c6 su
thay ddi vé ban chat hoa hoc. Vi du, su bién ddi cac trang thai vat chat & nhiét do nong

chay, nhiét dd soi.
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* H¢ hod hgc: h¢ ma trong d6 c6 mat phén hodc tat ca céac thanh phﬁn ho4 hoc tac
dung v6i1 nhau — ¢6 su thay ddi vé ban chat hoa hoc. Vi du, Zn va H,SO, chua trong cde
thuy tinh.Hé hé: co sy trao doi chat va trao doi nhiét véi moi trudng.

* Hg kin: c6 su trao doi nhiét nhung khong trao d6i chit véi méi truong.

* H¢ dogn nhiét: Co sy trao d6i chat nhung khong c6 su trao doi nhiét voi méi
truong.

* H¢ ¢6 Idp: Khong co su trao doi chat va khong co su trao d6i nhiét véi moi
truong. Trén thuc té hé nay rat kho ton tai. Vi du, hé gan ding cho trudng hop nay 1a qua
trinh nd cua mot qua bom. & ddy, sy cho va nhan ning luong gitra hé va moi trudng xay

ra qua nhanh so véi su thay d6i ning luong ctia hé theo thoi gian.
5.1.2. Quy w6 vé dau ciia niing lwong trao doi :

Céc loai ndng lugng trao ddi: co nang, nhiét nang, dién nang, nang lugng birc xa.

Don vi: Jun (don vi thir nguyén hé SI). 1J 1a cong do luc IN thuc hi¢n trén quang
duong 1 m.

Nang luong giai phong ( phat nhiét, toa nhiét, birc xa nhiét ) cé d4u &m ().

Ning luwong thu vao (hap thu nhiét, thu nhiét) c6 diu duong (+).
5.1.3. Trang thai va thong so6 trang thai :

Trang thai 1a mot tap hop truc tiép hay gian tiép ciia cac thong so trang thaiThong
sd trang thai 1a cac dai lwong: nhiét d6 T, ap sudt P, thé tich V, khdi lwong m, thanh phan
hoa hoc... C6 2 loai thong sb trang thai: thong s6 dung d6 va thong sd cuong do :

* Thong sé dung dp:

Thong s6 dung do (tiéng Latinh, additio nghia 1a cong) - tinh chit cua hé vat chat
6 thé tinh duoc tir cac tinh chat cua cac thanh ph'?ln tuong Ung cu tao nén no. Vi du,
khéi lwong phéan tir bang tong khdi lwong cic nguyén tir; Dién tich hat nhan nguyén tir

bang tong di¢n tich cua cac proton...
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“Théng sé cuwong dp:
Thong s6 cudng d6 khong co tinh chét cong tinh, khong phu thudc vao yéu té dung d6. Vi
duy, nhiét d¢ cua nudc (cuong do) khong phu thude vao thé tich va khoi lugng cua no.

* Cdn bang nhiét dpng:

Mot hé ¢ trang thai can béng nhi¢t dong khi gia tri cua cac thong sb trang & moi

diém déu nhu nhau va khong bién doi theo thoi gian.

5.1.4. Bién d6i thuin nghich va bat thuan nghich :

* Bién déi thudn nghich:

Mot hé dang & trang thai can bang (P,V,T) chuyén qua can bang méi (P,V,T,) bang
su thay doiT—> T, qua nhiéu bac T, khéac nhau:

P,V,T) » (P,V.T")) > (P,V.T’) > (P,V,-T") > ... > (P,V,T)
duoc goi la sy bién d6i thuan nghich (do ¢o6 su thay ddi véo cung nho nén trong tirng bac

hé co thé trd lai trang thai ban dau).

* Bién déi bit thudn nghich:

Bién d6i bat thuan nghich 13 bién ddi chi xay ra nhanh, qua mot budc 16n. N6 hoan
toan nguoc lai voi bién d6i thuan nghich la hé khong thé tré lai trang thai ban dau.

Vay: Bién d6i thuan nghich 1a qua trinh can bang;

Bién doi bat thuan nghich 13 qu4 trinh tu dién bién.
5.1.5. Ham trang thai :

Mot ham nhiét dong duogc goi la ham trang thai néu su thay doi gia tri cua no chi
phu thudc vao céc gia tri thong ) trang & dau va cudi ma khong phu thudc vao céch thic
bién d6i ctia qua trinh.

Vi duy, néu F (P,V,T,...) 1a ham trang thai thi khi:

Fy (P;,V1, Ty,...) — F,(P,,V,,Ty,...), taco:
AF =F, - F
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5.2. PHAT BIEU NGUYEN LY I NHIET PONG HOQC :
Gia st ta c6 mot lugng khi ndm trong mot binh kin dugc gin véi mot pitong va

nhan tir bén ngoai mot nang lugng Q ( hinh 5.1)

vP
[T
AV

vP

LT

»
»

Vs

v

Vi

Hinh 5.1. Sy thay doi nang lwong ciia hé gidn né

Khi khi bi nung néng, hé nhan mot nang lugng Q lam chét khi né ra thém thé tich
DV, tirc 1a da thuc hién mot cong gian nd PDV dé chéng lai 4p suat bén ngoai P (hé dang
ap). Phan ning lugng Q con lai 1am ting ndi ning DU cua hé (1am ting nhiét do, bién doi
trang thai...). Do vay c6 thé viét:
Q = DU + PDV
Hay: DU = Q - PDV (5.1a)
Poi v6i mot su bién ddi vo cung nhd, ta co:
dU = dQ - PdV (5-1b)
* Phdt biéu nguyén Iy I
Sy ting ndi nang cua hé bang ning luong tir bén ngoai cung cip cho hé trir di cong
gian nd ma h¢ thuc hién trong qua trinh do.

Biéu thuc (5-1a) 1a biéu thtc toan hoc ctia nguyén 1y I nhiét dong hoc.

5.3. NHIET PANG TiCH, PANG AP :

* Nhiét dang tich:

Nhiét déng tich 1a nhiét luong thu vao hay thoat ra cua hé trong qua trinh bién doi
dang tich (V = const).
T (5.1a): DU = Q - PDV, véi V = const, suy ra:
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Qv=DU (5-2)

Vay nhiét déng tich chinh bé“mg su bién d6i noi nang cua he.

* Nhiét bién doi dang dp:

Nhiét bién doi dang 4p 1a nhiét luong thu vao hay thoat ra ctia hé trong qua trinh
bién d6i dang ap (P = const).

Tu (5-1a): DU = Q - PDV, v6i P = const, suy ra:

Qp =DU + PDV

Qp=(Uy-Uy) +P(V,-Vy)

Qp=(Uz-PVy) - (U, - PVy)

bat H=U+PV,taco: Qp=H,-H, = AH (5-3)

Pai luong H duoc goi 1a Entanpi. Vay nhiét déng ap chinh béng su bién doi
entanpi cua hé.

Entanpi thuong dugc biéu thi bé“mg kJ/mol (hoic kcal/mol). Entanpi dugc do & diéu
kién: T = 298K va P = lamt duoc goi 14 entanpi trang thai chuan. Sy bién ddi entanpi &
trang thai chuan dugc ky hiéu 1a AH,q.

Trong truong hop tong quat, su bién doi entanpi ctia hé s& 1a:

AH =AU +PAV + VAP

* Quan hé giira nhiét ding tich va nhigt dang dp:
Toe H=U+ PV, taco:
AH =A (U +PV)= AU +PAV

Néu thay: PAV = AnRT, ta c6:

trong d6: An =Y, (mol tham gia phan tng) - Y (s6 mol khi tao thanh sau phan tng)
Di v6i mot phan tng dang téng quat:
aA + bB = eE + qQ
Ta co: Qv = AU = (eAUg + qAUp) - (aAU, + bAUE)
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Qr = AH = (eAHg + qAHg) - (aAH, + bAHpg)
An = (etq) - (ath)

Néu Qp > 0 va Qy > 0 thi day 14 qu4 trinh (phan Ung) thu nhiét.

Néu Qp < 0 va Qy < 0 thi day 1a qu4 trinh (phan Gmg) toa nhiét.

5.4. DINH LUAT HESS VA CACH XAC PINH NHIET PHAN UNG THEO HE
QUA CUA PINH LUAT HESS :

5.4.1. Dinh luit Hess :

Phat biéu: Hiéu ung nhiét khong phu thudc vao cach thirc ma theo d6 qua trinh
bién d6i xay ra ma chi phu thudc vao trang thai dau va trang thai cudi cua qua trinh.

Vi duy, phan tir CO, ¢6 thé duoc tao thanh bang phan tng tryc tiép giita graphit voi
6xi, hodc co thé bang két qua cta hai phan tng trung gian (hinh 5.2):

C(gr) + O, (k) DH, CO,(k)

A

DH; DHj

A 4

COK) + O, (k)
Hinh 5.2. Cach thirc tao thanh phan tw CO;

Nhu vay theo dinh luat Hess, ta c6: AH; = AH, +AH;

5.4.2. Cach xac dinh nhi€t phan wng theo hé qua cia dinh luit Hess :

*H¢ quad 1:
Hiéu g nhiét ciia phan tng thuan bang hiéu tng nhiét cia phan ung nghich

nhung ngugc dau (hinh 5.3).
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Achué_?m
Fy
AI_Ithuzfin + AI_Inghich =0
Fy
AHnghich
Hinh 5.3. Hiéu ung nhiét cua phan ung thuan nghich

* Nhiét sinh:

Nhiét sinh (nhiét tao thanh) cia mot hop chat 1a nhiét lugng thoat ra hay thu vao
khi tao thanh mot mol chit d6 tir cac don chat bén virng ban dau ¢ diéu kién xac dinh,
duoc ky hiéu: DH;

Nhiét sinh x4c dinh & trang thai chuan goi 14 nhiét sinh chuén, c6 ky hidu: DH’,.
Nhiét sinh chuin cua cac don chat b::ing khong: DH0298’S(dO'Il chét) =0.

Pon vi: J/mol; cal/mol.

* H¢ quad 2:

Hiéu tng nhiét cia mot phan mg bang tong nhiét sinh cila cac chat tao thanh trir di

tong nhiét sinh cua cac chat tham gia.

Dbi voi phan tng tong quat: aA + bB = eE + qQ
Ta co: AH; = (eAHgs+ qAHqgs) - (aAHas+bAHgpj)
* Nhiét chdy:

Nhiét chay cua mot chat 1a nhiét lugng thoat ra khi dot chay hoan toan mdt mol
chit d6 thanh céac 6xit cao nhét & diéu kién xéac dinh, duoc ky hi¢u: DH..

Nhiét chdy xac dinh ¢ trang thai chuan goi 12 nhiét chdy chuan, c6 ky hiéu:
AH 5 .

Pon vi: J/mol, cal/mol.

*He¢ qua 3:

Hiéu tmg nhiét ciia mot phan tng bang tong nhiét chay cua cac chat tham gia trir di
tong nhiét chdy cua cac chat tao thanh.

Vi duy, hi¢u img nhié€t DH cua phan tng:

CH, + Hy, = C,Hg
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duoc tinh bang nhiét chay nhu sau:

CoHy(k) + 30,(k)

2CO2(k) + 2H20(h) DHl,c

Hz(k) + 1/202(1() = HzO(h) ]:)Hz,C
C2H6(k) + 7/202(1() = 2C02(k) + 3H20(h) DH3’C
Suy ra: DH = (DH,. + DH,.) - DH;,

* Niang lwong ciia mang lwdi tinh thé ion

Ning luong ciia mang ludi tinh thé ion 13 ning lugng can thiét phai cung cip dé
phéa v& mang ludi tinh thé thanh cac ion cdu tao nén mang ludi tinh thé. Ning luong cta
mang ludi tinh thé khong thé xac dinh duoc bang thyc nghiém nhung cé thé tinh dugc
theo chu trinh Born — Haber. Vi du, xac dinh nang lugng mang ludi tinh thé natri clorua
(Enaci = - DHynacr ) theo chu trinh Born — Haber trén hinh 5.4. ¢ day tinh thé ion NaCl ¢6
thé duoc tao thanh bang phan Gng truc tiép cua natri v6i clo hodc qua cac giai doan tir

kim loai natri va khi clo tao thanh céac ion roi tdc dung véi nhau:

Na (1) + 1/2Cl, (k) AH, NacCl (r)
A
DH4 DHNaCl
A 4
AH, Cl (k) AH; CI' (k)
g +
A 4
Na (k) AH; | Na" (k)

Hinh 5.4. Chu trinh Born-Haber dé xdc dinh mang luoi tinh thé NaCl

Theo dinh luat Hess va so d6 hinh 5.4 ta co:
AH, = AH,+ AH;+ AH,+ AHs+ AHy,cl
Suy ra: Enaci= -AHnoar = -AH; + AH,+ AH;+ AH,+ AH;
* Nhiét bién doi trang thdi:
Nhiét bién d6i trang thai (nhi¢t nong chay AH,. va nhi¢t hoa hoi DH,) la nhiét
luong cua hé trao ddi v6i moi trudng & didu kién dang ap khi thay doi trang thai (T =

const). Nhiét bién doi trang thai c6 gia tri duong.
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5.5. SU PHU THUQC CUA HIEU UNG NHIET VAO NHIET PO :
5.5.1. Nhiét dung phan tir dang ap

Nhiét dung phan tir déng ap (Cp) 1a nhiét luong can thiét dé nang nhiét d0 cia mat
mol chit nguyén chit l1én 1K & diéu kién ap suat khong doi

(P =const) va trong khoang nhiét d6 6 khong xdy ra su chuyén pha.

OAH
C,="— 5-5
= ot (5-5)
Qr = DH = [CpdT (5-6)

5.5.2. Nhiét dung phén tir dang tich :

Nhiét dung phéan tir dang tich (Cy) 1a nhiét lugng can thiét dé nang nhiét do cia
mot mol chat nguyén chat 1én 1K & diéu kién thé tich khéng d6i (V =const) va trong

khoang nhiét d6 d6 khong xay ra sy chuyén pha.

oAU
C, = —— _

% oT (5-7)

Suy ra: Qv = DU = [CydT (5-8)

5.5.3. Pinh luat Kirchhoff :
Pinh luat Kirchhof biéu thi sy phu thudc cua hi¢u trng nhiét phan trng vao nhiét do.
Xét phurong trinh phan tng tong quat:
aA + bB = eE + qQ

xay ra ¢ nhiét do (T = const), ta c6:

AH , = |_eAH .S (E)+ qAH ; (Q )J_ |_aAH T.s (A)+ bAH ; (B )J
Suy ra :

(aaA—?jP _ [e 6AI;T(E)+ . aAgIT(Q )L ~ {a aAng(A)+ 5 aAIa{T(B)L

(aaAf j = [eC,(E)+qC,(0Q)]-[aC ,(4)+bC ,(B)]=AC,
J.ZdAH:AHz_Alej.ACPdT p

AH |
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Trong do:
ACp - Aa, + AaT + Aa,T> +....= AXa,T" (5-9)
Aa, = a, (cudi) - a, (dau)
Suy ra: )
AH, = AH, +[AY a,T"dT (5-10)
1

Dua vao biéu thirc toan hoc trén day, Kirchhoff da phat biéu dinh luat:
C6 thé tinh dugc hiéu tng nhiét & bt ky mot nhiét d6 T néu biét hidu tng nhiét
cua mgt phan Ung & mot nhiét dd nao do va biét phuong trinh
ACp = f(T).
5.6. NGUYEN LY II NHIET PONG HQC. ENTROPI
Trong tu nhién da s6 cac qua trinh Iy hoc va hoa hoc xay ra dugc dac trung bdi 2 hién
tuong:
1. Chuyén doi ning lugng:
- Nhiét ty truyén tir néng sang lanh
- Qua bi tyr 1an tir cao xudng thip
2. Thay d6i trat tu vi tri sip xép cua cac hat d6i voi nhau:
- Hai chit khi ty tron 13n vao nhau (khong c6 sy thay doi ning luong)
- Pa s6 cac phan tng hod hoc tu xay ra kém theo sy giai phong ning luong
Tt cac cac qua trinh trén day néu mudn thyc hién ngugc lai déu phai cung cap mot
nang luong can thiét.
Do dai da s6 cac phan Gmg hoa hoc tu x4y ra ma ching ta biét déu kém theo su giai
phong ning luong (DH < 0) nén giita thé ky XIX, Bertlo va Tomxen di dwa ra nguyén ly:
Bit ky mot qua trinh hoa hoc nao xay ra ciing kém theo su giai phong ning luong.
Tuy nhién, nguyén 1y nay da khong dung trong nhiéu truong hop thuc té.
Vidu:
- Qua trinh hoa tan Imol NaCl vao H,O xay ra véi su thu ndng luong (DH =

5kJ/mol); hoac phan tng: C (r) + H,0 (k) = CO (k) + H; (k), c6 DH > 0.
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- Su tron 1an 2 chat khi vao nhau nhu da néi & trén c¢6 DH = 0.

Nhu vy, nguyén 1y I chi thé hién dugc tinh bao toan va chuyén hoa ning luong,
cho phép xac dinh dugc nang lugng DH cua cac phan ing nhung khong cho phép xac
dinh diéu kién ty dién bién cta qua trinh va hudng xdy ra cia nd. Dé giai quyét vin dé

nay nguoi ta da dua ra nguyén ly II nhi¢t dong hoc.

5.6.1. Entropi :
1. Gia st c6 2 chit khi He va Ar (tro, & cung mot ap suét va cung nhiét do) da dugc tach

ra khoi nhau va dé canh nhau - trang thai 1 (hinh 5.5a).

I
He
He Ar — |
ﬁ&r
a. trang thai 1 b. trang thai 2

Hinh 5.5. Sw tur trén lan ciia chat khi

Mic dau 2 chat khi nay khong tuwong tac véi nhau, & ciing mot p suat va cing mot
nhiét do nhu nhau, c6 ranh gidi phan chia hoan toan nhu nhau nhung chi sau mét thoi
gian He va Ar sé& tu tron 1an vao nhau - trang thai 2 (hinh 5.5.b).

Hién tuong tir xay ra trén day cho thiy: cac chat khi trudc khi tron 1an (trang thai
1) c6 muc d6 hon loan nho hon sau khi tron 1an (trang thai 2).

Vay qua trinh tu dién bién voi su khong thay ddi ning luong cua hé DH = 0 (giit
nguyén ning luong du trit ciia hé) xdy ra theo huéng lam ting mirc d6 hon loan ctia hé.

Trong thyuc té khé c6 thé hinh dung duoc rang 2 chat khi dugc tach ra, dé canh
nhau ma khong tron 13n vao nhau (trang thai 1). Noi cach khac 13 kha ning nay rat it (c6
x4c xuat rat suat nho).

2. Néu tron 2 chat khi tro ¢c6 muc nang luong dy trir khac nhau thi ndng lugng cua hon
hop khi thu duoc s& bang tong nang luong cua cac chat khi ban dau. Ciing twong tu nhur
vay, néu to hop 2 hé c6 muc nang lugng khac nhau lai v4i nhau thi nang lugng ctia hé

moi thu dugc s& bang tong ning luong ban dau cia cac hé. Tuy nhién trong tuong hop
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nay xac sudt nhiét dong cia hé méi tao thanh (W) khong phai bang tong ma 13 bang tich
x4c suét ban dau cua cac hé. Vi du, néu 2 hé c6 xac suit nhiét dong tuong tng la W, va
W, thi ta co:

W =W,.W,

Vi vdy can phai tim mot ham s6 xac suét sao cho khi lay cac gia tri x4c suat nhan
v6i nhau thi s& thu duoc gia tri ciia ham bang tong cac gia tri cac ham twong tng véi xac
sudt cong lai v&i nhau. Sy phu thudc do6 chi co thé biéu dién béng ham logarit. Ham )
logarit nay duoc goi la Entropi, ky hi¢u 1a S:

S = kInW (5-11)
trong d6 k 1 hang s6 Bozman: k = R/Ng
Viy entropi ham logarit x4c suit nhiét dong cta hé.
Vé v nghia, entropi la s6 do murc do hdn loan cua hé, tirc 13 hé ¢ xu huéng tu dién

bién tir trang thai co trat ty sang trang thai it c6 trat ty hon.
5.6.2. Phit biéu nguyén 1y 2 nhiét dong hoc :

Tuy thudc vao céc linh vuc ung dung khac nhau (vat 1y, hod hoc, nhiét hoc, dién
dong hoc...) nguyén 1y 2 dugc phat biéu dudi cac dang khac nhau. Dudi quan diém cua
nhi¢t dong hod hoc, ham logarit trén day biéu thj xac suit tdn tai cua cac hop chit va dang
tdn tai ctia nod.

Gia sir trong hé 2 chit khi (hinh 5.5), trang thai 1 ¢6 entropi S;:

S; = kinW;
trang thai 2 c6 entropi S,:
S, = kinW,

thi sy bién d6i entropi khi hé chuyén tir trang thai 1 sang trang thai 2 sé la:
",
AS =S, -8 =KInW,-KInW, =KIny

Nhu d3 noi ¢ trén, day 1a mot hé tu dién bién tur trang thai 1 c6 xac sudt W, nho
hon sang trang thai 2 c¢6 xac suat W, 16n hon: W,> W, nén suy ra AS > 0.
Viy trong hé nhiét dong c6 1ap, chi c6 nhimg qué trinh (ké ca phan tmg hoa hoc

nd1 riéng) xdy ra véi sy tdng entropi mai tu dien bién.
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Entropi 1a mot thong s6 dung do, nd co gia tri bang tong entropi ciia tit ca cac
thanh phan ctia hé. Thong sb cuong do twong tng voi entropi 1a nhiét do. Do vdy, nhiét

nang Q sé la:

Suy ra:

(5-12)

Entropi cua h¢ dugc tinh béng don v1 J/K .mol.
5.6.3. Mot s6 phwong phap tinh sy bién d6i ciia entropi :

5.6.3.1. Sw bién doi ciia entropi ciia qiia trinh gidn né thudn nghich, ding nhiét khi Iy
twong
Tur nguyén ly 1 ta co:
AU = Qun + Wy
Vi h¢ dang xét 1a khi ly tudng (AU = 0)
Nén: Qu + Wy = 0 » Qp= -Wy, = PdV

thay : dv %
ta co: Qn=|RT —— = RT In —*
e o far S
uy ra:
AS = 9, :ﬂan—zlen—2
T T v, 8 (5-13)

Vi qua trinh gian n& (V, > V) nén AS > 0.

Viy qa trinh gian nd thuan nghich, dang nhiét khi 1y tuong tir trang thai 1 (twong
mg véi V) sang trang thai 2 (twong tmg v6i V,) 14 qué trinh tu dién bién.

Mait khéac, V, >V, — P; > P, suy ra: khi chuyén dong tr noi co6 ap suét cao dén
noi ¢ ap suét thap.
5.6.3.2. Sw bién doi ciia entropi ciia qud trinh thay doi trang thdi mot chit nguyén chit

Néu nhiét bién doi trang thai cia mot mol chat nguyén chat & diéu kién T = const

va P = const 1a AH thi ta c6 entropi bién ddi trang thai 1a:
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AS=— (5-14)

5.6.3.3. Sw bién doi ciia entropi ciia mét chit nguyén chit theo nhiét dp

O diéu kién dang ap (P = const) ta co:

_ 9., _ dr
AS = % _ch,,T (5-15)
Néu Cp thay d6i it (Cp ~ const) thi:
T
¢ dT T
as=c,[Toc,mlz (5-16)
T T,

Tuong t, sy bién doi ctia entropi ciia mot chat nguyén chat & V = const:
dr T
AS=C,[S-=C 2
7 T T, (5-17)
Khi nhiét d6 T, > T, ta c6 DS > 0 — Hé tir dién bién. Diéu nay c6 nghia 1a nhiét
luon ludén truyén tir noi c6 nhiét do cao vé noi c6 nhiét d6 thap.

5.7. NGUYEN LY III NHIET PONG HQC. ENTROPI TUYET POI :
5.7.1. Phat biéu nguyén ly 3 nhiét dong hoc :

Entropi 1a s6 do mirc d6 hdn loan cta hé. Nhu da ndi ¢ trén, mic d6 hdn loan nay
phu thudc vao nhiét do. Khi nhiét d6 giam xudng thi cic chuyén dong cua cac nguyén tir,
phan tir giam xudng, entropi giam xudng.

Vay gidi han cua entropi 1a bao nhi€u va & nhiét do nao? No6i dung trd 161 cau hoi
nay chinh la nguyén ly 3 nhiét dong hoc.

Theo quan diém nhiét dong hoc phan tir, khi nhiét d6 giam gan dén do khong tuyét
ddi (To = 0 K), mo1 vat ton tai dudi dang mat cAu trac tinh thé hoan hao (cac dang
chuyén dong déu ngimg lai), hé c6 ning luong thap nhat. Vi diéu kién nay thi chi c6 mot

hé tng voi nang luong thap nhat va xac suit nhiét dong ctia nd bang 1. Suy ra:
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So = kInW = kInl = 0 (5-18)
Viy entropi ctia cac chit nguyén chat dudi dang tinh thé hoan hao & nhiét do

khong tuyét dbi bang khong.
5.7.2. Entropi tuyét ddi :

Tur diéu kién (khi T=0K — Sy = 0) nguoi ta tinh dugc entropi ¢ cac nhiét d§ khac
nhau. Entropi tinh duogc trong trudng hop nay duge goi 1a entropi tuyét dbi. Entropi tuyét

dbi tinh & 298 K (25 °C) va latm (760 mmHg) duoc goi la entropi chuin S’5s.
5.7.3. Cach tinh entropi cac phan phan irng hoa hoc :

Cho phan mg tong quat xay ra & nhiét o T, (P = const):
aA + bB = eE + qQ
Vi entropi 1a ham trang thai nén ta co:
ASt (phan img = [eSt (E) + ¢St (Q)] - [aSt (A) +bSr (B)]
ASt (phan tng) = >St(chit tao thanh) - XSt (chat tham gia).

5.8. THE PANG NHIET - PANG AP :
5.8.1. Khai niém thé dang nhiét - ding ap :

Trong cac qua trinh hoa hoc, cung mot lac ¢6 hai khuynh hudng xay ra:

1. Khuynh huéng cac hat két hop lai v6i nhau lam giam entropi
2. Khuynh huong céc hat tach ra khoi nhau lam tang entropi

Tong ctia hai khuynh hudng trai nguge nay ciia cic qua trinh hoa hoc xay ra ¢ nhiét do
va ap suat khong do6i (T = const, P = const) duoc dic trung bang boi ham thé nhiét dong
goi 1a thé nhiét dong dang nhiét - dang ap (goi tit 1a thé dang 4p; ning luong Gibbs;
entanpi tuy do) ky hiéu l1a G:

G=H-TS
Do khong xac dinh duoc gia tri tuyét d6i thé ding ap nén trong cac phan tng hoa

hoc nguoi ta chi c6 thé xac dinh su bién ddi (DG) cua no:

AG =AH - TAS (5-19)
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Duya vao gia tri AG c6 thé tién doan dugc chiéu tu dién bién hoic khong tu dién

bién cua qua trinh:
- Qua trinh tu dién bién (phan Gng ty xay ra) 1a qua trinh giam entanpi tu do:

AG<0
- Qua trinh khong tu dién bién (khong tw xay ra) 1 qué trinh ting entanpi ty do:

AG>0
- Qua trinh c4n bang xay ra khi:

AG=0
Nhu vay dau ciia DG xac dinh chiéu ctia phan tmg hoa hoc.

1. Néu AH < 0 ( phan tng toa nhiét) va AS > 0, suy ra AG < 0, phan tng tu dién bién.
2. Néu AH > 0 (phan tng thu nhiét) va AS < 0, suy ra AG > 0, phan tmg khong tu xay ra.
3. Trong 2 trudng hop con lai (AH < 0, AS < 0 va AH > 0, DS > 0) dau ctia AG phuy thudc

vao quan h¢ gitrta AH va TAS. Phan tng chi xay ra trong truong hop AG < 0.

5.8.2. Cach tinh sw bién d6i thé dang nhiét - ding ap ciia cic phan &ng hoa hoc

Tuong ty nhu entanpi va entropi, entanpi ty do 1a mdt ham trang thai nén sy bién
ddi cua nd chi phu thudc vao trang thai dau va trang thai cudi ma khong phu thudc vao
cach thirc xay ra phan tng. Vi vay d6i v6i phan tng tong quat:
aA + bB = eE + qQ
su bién d6i entropi tu do s€ la:
AG (phan tmg) = (eAGg + qAGq) - (aAGs + bAGg)
Hay:
AG (phan tmg) = Y AG(chét tao thanh) - Y AG(chit tham gia)
Su bién doi entanpi tu do cua phan ing tao thanh mgt mol chét tir cac don chét ban
dau ¢ diéu kién chuan (T =298 K, P = latm) dugc goi la entanpi ty do chuan, co ky hiéu:
AG® 5.

Entropi ty do chuan tao thanh cac don chét bang 0
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Chuong 6
PONG HOA HQC

Dbdng hod hoc 1a mén khoa hoc nghién ctru vé quy luat xay ra (dién bién) cua cac
qué trinh hoa hoc trong d6 c6 vén toc phan irng hod hoc va cac yéu to anh hudng dén van
toc do6. Viéc nghién ctru nay nham muc dich diéu khién phan rng xdy ra vdi van toc cao

dé dat dugc hiéu suét phan ung l6n nhéat.
6.1. VAN TOC PHAN UNG HOA HQC

Van tdc phan tng thuong duoc do bang bién thién nong do ciia mot trong cac chat
tham gia hodc tao thanh trong mdt don vi thot gian. Van tde phan trng duoc biéu thi béng
don vi mol/l.s.

Vian téc phan tng ciing c6 thé bidu dién bang sy thay ddi ciia mot trong cac tinh
cht khac ctiia hé nhu mau sic, do dan dién, ap suit...

Néu tai thoi diém t; va t, nong do ciia mot trong cac hop chat cia hé phan tng co

gia tri tuong ung 1a C, va C, , ta c6 van toc v cua phan tng la:

S_C-C _AC
t, —t, At (6-1)

Trong cong thirc trén, ddu (+) duoc st dung khi tinh theo chit tao thanh sau phan
tmg; dau (-) khi tinh theo chat tham gia phan tmg.
Trong cac phan tmg hoa hoc, ndng d6 cua cac chat ludn ludn thay ddi nén thudng nguoi
ta hay sir dung cong thuc tinh van téc tire thoi:
di

dt (6-2)
Vi du, ddi v6i phan tng tong quat:
aA + bB = eE + qQ

y =+

ta c6 van tdc tirc thoi cua phan ung la:

dC.  bdC.  edC. qdC (6-3)
V= a_ b p_ 8 _ 970

dt a dt a dt a dt
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6.2. CAC YEU TO ANH HUONG PEN VAN TOC PHAN UNG
6.2.1. anh hwéng ciia ndng do dén van toc phan wng. Pinh luit tac dung khoi lwong

Sy phu thudc ca van téc phan ung vao ndng d6 duoc xac dinh béng dinh luat tac
dung khdi luong Gulberg va Waage:
Van toc ciia mot phan mg xay ra trong moi truong dong thé & mot nhiét do xac
dinh ty 18 thuan véi tich ndng do cua cac chat tham gia phan tng.
Vi du : van téc ctia phan tng:
H, (k) + I, (k) = 2HI
dugc tinh theo dinh luat tac dung khdi luong la:
(6-4)
Déi v6i phan tmg tong quat:
mA + nB = C
ta co: o
v=kC[C, 6-5)
trong d6 : k — hang s6 van toc

Ca va Cy - ndng d6 twong (mg vdi cac hop chit A va B.
6.2.2. anh huéng cia nhiét d9 dén van toc phan Gng

Sy ting nhiét d6 trong da sb cac trudng hop déu 1am ting van tdc phan tng. Tir két
qua nghién ctru mot s luong 16n phan tng, Vant Hoff d3 rat ra quy tic kinh nghiém sau:

Néu nhiét d6 phan tng ting thém 10 °C thi van tdc cua da s phan tng s& ting 2 —
4 1an.

Quy tic kinh nghiém Vant Hoff duoc biéu dién bang cong thirc sau:

TZ_TI

v, =y 10 .y, (6-6)

trong do : vy va v, 1a van tde phan ung tuong ung véi nhiét 4o Ty va Ts.

g - chi s6 nhiét d6 (hé s6 Vant Hof).
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Vian tdc phan tmg tinh theo cong thirc Vant Hoff ¢ gia tri gan ding. Dé c6 gia tri
chinh x4c hon, ngudi ta x4c dinh van toc phan tng theo phuong trinh Arrhenius:
Ea
k=C-e ® (6-7)
trong d6: k — hang s van toc
C —hang s6 trude luy thira
E, — nang lugng hoat hoa
6.2.3. Thuyét va cham hoat dong :
Thuc nghiém cho thay van tdc phan tmg khong phai phu thudc vao tan sé va cham
(s6 va cham trong mot don vi thoi gian) giita cac phan tir ctia cac chat tham gia phan tng
ma chi phu thudc vao tan sd va cham giita cac phan tr hoat dong cao. D6 1a nhirg phan
tor dugc tao thanh do sy tdng nang luong nhi¢t dong cuia phan ti, sy ting ndi nang, su
phan ly thanh cac gdc tu do hodc cac ion. Nang lwong can thiét cung cap cho cac phan tir
¢ trong mot mol (sé Avogadro) dé chuyén tit ca chung thanh cic phéan tir hoat dong
duoc goi 1a nang lugng hoat hoa ctia phan tng, cé ky hi¢u E,. N6i cach khac no6 1a nang
luong can tiéu tén dé chuyén phan tir cia cic chit tham gia phan tmg thanh phic chit

hoat dong (hinh 6.1).

E (kJ/mol)

A ,
~.- phtrc chat hoat dong

..... san pham

DH > 0 (phan trng thu nhi¢t)
chét dau DH < 0 (phan (g toa nhiét)
........ .san pham

Tién trinh phan ng

Hinh 6.1. Gidn d6 ning lwong ciia phan iing hod hoc
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6.2.4. anh huwéng ciia xiic tac dén van tdc phan ing

Mot trong nhitng phuong phap phd bién dung dé lam thay d6i van tdc phan tng
hod hoc, do 1a stir dung xuc tac. Xuc tac 1a nhiing chit hoa hoc lam thay ddi van tbe phan
g boi sy tham gia cua nd vao viée tao thanh phirc chat hoat dong nhung khong c6 mit
trong thanh phan cta san pham tao thanh. Vai tro ciia xtc tac trong cac phan tng hoa hoc
1a 1am thay ddi ning luong hoat hod cua phan tng. Xuc tic duong lam giam ning lugng
hoat hoa dén dén lam ting vén toc phan ung, trai lai xtc tac Am lam ting ning luong hoat
hoa - 1am giam van téc phan tmg.

Vi du:

Dioxit mangan MnO, 1a chat xuc tac dwong ctia phan (mg phan huy clorat kali:

2KClO; — 2KCI + 30,

Ruou etylic 1a chat xuc tac 4m ciia phan (mg 6xi hod sunfit natri:

2Na,S0O; + O, — 2 Na,SO,

Mot trong nhiing dic tinh quan trong ctia xtic tic d6 1a né co tinh chon loc rat cao
dac biét 1a xtic tdc men. Vi du, tr rurou etylic voi xace tac khac nhau s€ thu duoc san phém

khac nhau:

A1203 CHZZCHz + H20
>
CH;-CH,-OH
EEE—
CuO CH;-CHO + H,

Tac dung cua xtc tdc duong lam giam nang lugng hoat hod xay ra nhu sau. Gia st
hai hop chat A va B ¢6 kha ning phan tmg v&i nhau qua bude tao thanh phuc hoat dong A
... B, cho san pham AB (DG < 0):

A+B—>A.B—> AB

Nhung do ning luong hoat hoa ctia phan tmg nay rat 1on nén thuc té van toc phan
g gan nhu bang khong. Dé 1am ting van tc phan Gmg ngudi ta cho thém chit xuc tac
K. Chit nay dé dang phan tmg v6i A tao ra phirc hoat dong A ... K (phan tng xay ra dé
dang tirc 1 phan tng c6 ning lugng hoat hoa thip):

A+K->A.K > AK
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Hop chat AK dé& dang phan tmg véi B d¢é tao ra san pham AB (hinh 6.2).

Hinh 6.2. Gian d6 nang lwong ciia phan vmg ¢ xiic tac dwong

Két qua trén hinh 6.2 cho thiy su c6 mit cua xuc tac K da lam giam nang luong

hoat hoa cua phan ng.
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Chuong 7
CAN BANG HOA HQC VA CAN BANG PHA

7.1. CAN BANG HOA HQC :

Pa sb cac phan ung déu xay ra theo 2 chiéu va khi van toc phan tmg thuan bang
van tdc phan tng nghich, phan tmg dat trang thai can bang. Tai day ca phan Gmg thuan 13n
phan tmg nghich van tiép tuc xdy ra nén can bang loai ndy duoc goi 1a can bang dong. Vi
du, cAn bang trong cac phan tng tao thanh HI tir H, va I, (hinh 7.1):

H, + I, == 2HI

% [HI]

A

100+
80 +

60 +

T —
20 40 60 80 100 t (ph)

Hinh 7.1. Su tao thanh (1) va phdn huy (2) cua HI theo thoi gian
7.2. HANG SO CAN BANG

Xét phan trng thuan nghich:
aA + BB Z= eE + qQ
Theo dinh luat tac dung khéi luong ta co:

vén toc phéan tng thuén: v, =k, - [A ]a ' [B ]b
van tdc phan tmg nghich: v, =k, [E ]e . [Q]q

Khi phan tng dat can bang: v, = v, (AG = 0), ta c6:
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a b e
| k-[A]"-[B] = &, -[E] -[OF
Suy ra: . .
k _[E] 0]
ky [4a] -[B]
k, . . , . . . .
Ty I¢ k_ la mdt hang so duoc goi 1a hang s6 can bang, ky hi¢u la K¢
2
o _ler-loy
IR (-1

Kc 13 hang sb can bang tinh theo ndng 46 M (mol/l). Trong thuc té ngudi ta con sir
dung cac loai hang sd can bang khac nhu: can bang tinh theo ap suit Kp, can bang tinh
theo nong dd mol phan Ky, can bang tinh theo sé mol ciia cdc chat tham gia va tao thanh

trong phan ung K,,. Gitra cac hang s6 can bang nay c6 cac moi quan hé sau:

K, =K.(RT)"

(7-2)
véi TPl Py
trong d6 An = (ng + ng) - (na + np)
K, =K,P" 7
e q
K Ne Noo
N a
vo1 N, 'NBb
. A A A N. = o
trong d6 nong do mol phan: i n,+ng+ng+n,
P An
KP =Kn(sz (7_4)
e q
n ‘n
Vé’l Kn = Ea Qb
nA 'nB

trong do: n; — s6 mol cua cac chat

P - 4p suét chung ctia phan tng
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Neéu phan tng c6 An = 0 thi cac hang s6 can bang s€ bang nhau:

KPZKC:KNZKH.

7.3. SU CHUYEN DICH CAN BANG. NGUYEN LY CHUYEN DICH CAN BANG
LE CHATELIER

7.3.1. Su chuyén dich cin bang

Nhu da né1 & trén, can béng ho4 hoc 1a su can béng dong. Vi du phan tng téng
quat:
aA + bBB 2= ¢E + qQ
dang & trang thai can bang 1 (AG; = 0). Néu ta thay doi chi mot trong cac thong sb trang
thai (P, C hodc T...) thi can bang d6 s& bi pha v& (AG # 0): phan tng s& xay ra theo mot
chiéu (gia st chiéu thun):
aA + bB — eE + qQ
cho dén khi thiét lap duoc mdt can bﬁng mdi 2 (AG, = 0) tuong Ung voi diéu kién moi.
Vay su chuyén tir mot trang thai can bang nay sang mot trang thai can bang khac

duéi tac dong cua cac yéu td didu kién phan tmg dugc goi 1a su chuyén dich can bing.
7.3.2. dnh hwéng cia cac yéu to diéu kién phan &ng dén chuyén dich cin bing

Ba yéu td ¢6 anh huong 16n nhét dén su chuyén dich can béng la n@)ng do, nhiét do
va ap sudt.
7.3.2.1. anh hwéng ciia nong dp

Ttr biéu thire tinh hang sé can bang theo ndng d6: K ¢ = M

[4] [T
Ta thdy véi K¢ = const, néu ting [A] hodc [B] thi cin bing s& chuyén dich theo chiéu tir
trai qua phai dé 1am ting [E] va [Q] (1am giam [A] hodc [B]). Néu giam [A] hodc [B] thi
can bang sé& chuyén dich theo chiéu tir phai qua trai dé 1am giam [E] va [Q] (1am ting [A]
hoac [B]).
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Nhu vay, tang nong do ciia mdt trong cac chat cua trang thai can bang, can bang sé
chuyén dich theo chiéu lam gidm chat d6. Giam nong d¢ cua mot trong cac chat cua trang

thai can bang, can bang s& chuyén dich theo chiéu lam tang chat do.
7.3.2.2. dnh hwong ciia nhiét do

Quan hé giita entanpi tu do va hang s6 can bang duoc biéu thi qua cong thic:

AG = -RTInK hay AH - TAS = -RTInK

d In K AH

Suy ra: dT RT °* (7-5)

Tir biéu thirc trén ta nhan thay:

Vé6i AH > 0, néu T tang thi K s& giam. Dé hang sd can bang khong doi thi can
bang phai chuyén dich theo chiéu 1am ting K (chiéu tir tri qua phai dé 1am giam T).

V6i AH < 0, néu T ting thi K sé& ting. Dé hang sd can bang khong di thi can bang
phai chuyén dich theo chiéu 1am giam K (chiéu tir phai qua trai dé lam giam T).

Nhu viy, néu phan tng dang & trang thai cin bing ma ta thay d6i nhiét do cua

phan g thi can béng s€ chuyén dich theo chiéu chéng lai sy thay ddi nhiét do do.

7.3.2.3. Anh hwéng ciia dp sudt

TUr biéu thuec: K,=K,P"
taco: InKp = InKy + AnlnP — InKy = InKp - AnlnP
V6i T = const, ta co: dinKy _An (7-6)

dP P
Ttr biéu thirc trén ta nhan thay:
Néu An > 0, khi P tang thi Ky ting. D& hang sd can bang khong doi thi can bang
phai chuyén dich theo chiéu 1am giam Ky (chiéu tir phai qua trai dé 1am giam P).
Néu An < 0, khi P ting thi Ky giam. Dé hang s6 can bang khong doi thi can bang
phai chuyén dich theo chiéu 1am ting Ky (chiéu trai qua phai dé 1am giam P).
Nhu vy, néu phan tng dang ¢ trang thai cAn bang ma ta thay d6i ap sudt chung

ctia phan g thi can bang s& chuyén dich theo chiéu chdng lai sy thay doi 4p suat do.
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7.3.3. Nguyén Iy chuyén dich cin bing Le Chatelier

Nghién ctru anh hudng cia cac yéu to dén su chuyén dich can bing phan tng, nim
1884 Le Chatelier di dua ra nguyén Iy chuyén dich can bang:
Mot hé dang & trang thai can bang, néu ta thay d6i mét trong cac thong sb trang

thai cua hé thi can béng s€ chuyén dich theo chiéu chéng lai sy thay ddi do.

7.4. CAN BANG PHA

7.4.1. Mot s6 khai niém co ban

* Pha:

Tap hop tit ca cac phan dong thé cia hé c6 thanh phan,tinh chat vat 1y, hoa hoc
gidng nhau va c6 bé mat phan chia véi cac phan khac cta hé goi 14 pha.

Vi dy, hé nudc va nudce da la hé co 2 pha trong d6 mot pha 1a nude long va mot
pha 1a nudc da. HE nay duoc goi 1a h¢ di thé vi co 2 pha; nudce 1ong hoac nudc da 1a hé
dong thé vi chi c6 mot pha.

* Cdn bang pha:

Can bang trong cac hé di thé ma ¢ d6 khong xay ra phan tmg hoa hoc giita cac ciu
tr v6i nhau nhung xay ra cac qua trinh bién ddi pha cta cac cau tir duoc goi 1a can bing
pha.

* Ciu tir:

Phan hop thanh 1a nhimg hop chit hoa hoc dong nhét cta hé c6 thé tach ra va ton
tai doc 1ap bén ngoai hé goi la cAu tur, ¢ ky hi¢u R.

Vi du, dung dich mudi dn c6 2 céu tir 1a H,O va NaCl (cac ion Na, CI"... khong
phai cau tir ).

* 806 cdu tir dc ldp:

S6 nho nhat cac cdu tir di dé mo ta thanh phéan ciia tat ca cac pha co trong hé goi 1a
s6 cau tir doc 1ap, coky hisuK. K=R-q

S6 cau tir doc 1ap K c6 khi bang R nhung ciing ¢6 khi khac R. Khi xét mot hé ma

trong d6 khong xay ra su chuyén ddi hoa hoc ( cac ciu tor khong tac dung véi nhau) ta
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c6: R = K. Trong vi du dung dich mudi an trén ddy R = K = 2. Mit khéac, néu xét hé ma
trong d6 xay cac twong tac hod hoc thi ta 6 R # K. Vi du, d6i v6i hé phan tng:

2H, + O, = 2H,0
ta co: R =3, K ¢6 thé 1a 1 hoic 2.

K=R-1=3-1=2

vi bat ky mot cau tir nao cuia hé cling co6 thé xac dinh dugc bang 2 cau tr kia.

7.4.2. Quy tic pha Gibbs

Nhu ta d3 biét, su cin bang ctia hé phu thudc vao cac diéu kién (nhiét do, ap suit,
nong do). S6 diéu kién co thé thay d6i mot cach doc 1ap ma khong 1am thay ddi s6 pha va
loai pha cia h¢ dugc goi la sb bac tu do, ¢6 ky hiéu C.

Nghién ctru can bang pha ctia hé di thé, Gibbs di dua ra quy tic sau:

Trong h¢ can bﬁng, sb luong pha f, s6 bac tu do C va sb ciu tir doc 1ap K lién hé
v6i nhau qua biéu thirc:

C=K-¢+2 (7-7)

7.4.3. Can bang pha trong h¢ mét céu tir

Trong nghién cru cin bang pha ngudi ta thuong hay chon phuong phap dd thi
bang cach xay dung gian d6 trang thai trén co sd cua cac gia tri thuc nghiém. Gian dd
trang thai c6 thé xay dung cho mot hop chit bt ky va no cho phép xac dinh diéu kién bén
ctia pha hodc can bang pha. Hinh 7.2 duéi day 1a gian do trang thai ciia nudc.

4P mmHg
760 Toveeeeeeee B

4,579 Tovvevvrrrerrn

hoi (H)
A Z >
0 t°C
Hinh 7.2. Gian d6 trang thdi ciia nude
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Trén hinh 7.2 cho thdy mdi mot mién dugc gidi han boi cic dudng can bang pha,
turong (mg voi mot pha xac dinh (d4, 10ng, hoi). S6 bac tu do theo quy tic pha Gibbs trén

moi mién 1a:
C=K-¢+2=1-14+2 =2
H¢ c6 C = 2 duoc goi 1a hé nhi bién, c6 nghia la sy can b::ing cua h¢ trong truong
hop nay phu thudc vao 2 diéu kién. Néu C = 0 —hé vo bién; C = 1 — hé nhét bién ...
Puong OA biéu thi su can bang giita 2 pha R H; OB — gitta R < L; OC — giita L
H. M&i mot dudng twong tmg vé6i 2 pha va do d6 s6 bac tu do theo quy tic pha Gibbs trén
mdi duong la:

C=K-¢+2=1-2+2 =1

Piém O 13 diém cit cua 3 duong (diém ba). Diém nay twong tng v6i cn bang giita

3 pha:

7\

LHH

S6 bac tu do tinh theo quy tic pha Gibbs tai diém nay la:
C=K-¢+2=1-3+2 =0
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Chuong 8
DUNG DICH

8.1. MOT SO KHAI NIEM CHUNG
8.1.1. Hé phén tan

Mot hé gom hai (hay nhiéu tiéu phan ) trong d6 mét tiéu phan & dang céc hat bi tan
nhé duge phin bd vao trong tiéu phan kia thi hé d6 dugc goi 1a hé phan tan

Chat phan bb duoc goi 1 pha phan tan, con chat trong d6 c6 pha phan tan phan b
goi 1a méi trudong phan tan. Moi truong phan tan co thé 1a chat khi, chat 1ong hodc chat
ran.

Vi du : HE phan tan bui, khong khi (pha phan tan - cac hat bui, moi truong phan
tan- khong khi)

Tinh chit caa mot hé phan tan , dac biét tinh bén cta nd phu thude vao kich thudc
ctia pha phan tan. Pha phan tan c6 kich thudc hat cang 16n thi hé phan tan d6 cang it bén
va nguoc lai hé c6 pha phan tan c6 kich thudc hat cang nhoé thi cang bén. Dua vao kich

thudc hat cua pha phan tdn nguoi ta phan chia thanh cac hé phan tan sau:

* He tho:

Trong hé nay nay hat pha phan tan c6 kich thudc hat tir 107 dén 10 m. Hé nay
gdm c6 huyén phu va nhii twong, hé nay khong bén.
- Huyén phu 1a hé duoc tao thanh boi pha phan tan tho (chét ran) va méi truong phéan tan
(chét 1ong ) . Vi du: Nude duc
- Nhi tuong 1 hé dugc tao thanh tir hai chat long trong d6 chat nay dwoc phan bd vao

trong chat kia . Vi du: Sira dong vat.

* H¢ keo:
La hé phan tan c6 cac hat pha phan tan c6 kich thude tir 10”7 dén 10 °m. Nhiing hat
nay khong bi ling xudng theo thoi gian, di qua duoc gidy loc va khong quan sat dugc

bang kinh hién vi thong thuong...
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* H¢ phédn tan phdn tir :
La hé phén tan co cac hat pha phan tan c6 kich thudc bac phén tir . & day chat hoa
tan dugc phan chia thanh cac phan tr riéng bi¢t Vi du : cadc dung dich that cua duong,

ruou, axeton...

* H¢ phdn tdn ion:
Trong hé nay céac hat pha phan tan ton tai dudi dang nhiing ion riéng biét . Truong
hop nay dugc dac trung cho dung dich cia céc chét dién 1i nhu NaCl, KNO;, KCL... Kich

thude cua hat phan tan va cia moi trudng phén tan 1 bang nhau.
8.1.2. Dinh nghia dung dich

Trong hod hoc hai hé phéan tan c6 ¥ nghia nhat 1a phan tir va ion duoc goi 1 dung
dich:
Dung dich 1a mot hé dong thé c6 thanh phan bién ddi trong mot pham vi trong ddi

rong gom khong it hon hai chat ¢ trang thai phan tir hay dang ion

* Dung moi:

Mot hé dong thé c6 nghia 1a cac tiéu phan cia hé duoc phan tan vao nhau dudi
dang phan tir , nguyén tir va ion..Tiéu phan cé trang thai khong thay d6i khi tao thanh
dung dich dwoc goi 13 dung méi. Trong truong hop dung dich dugc tao thanh bing
phuong phap tron chat khi voi chat khi , chat 1ong véi chat 10ng , chit rdn voi chat ran thi
dung moi 1a tiéu phr;in nao c6 khoi lugng trdi hon , chét con lai 1 chét tan. Can ctr vao

trang thai ton tai, dung dich duoc chia thanh dung dich khi, dung dich long, dung dich ran

* Dung dich khi:
& diéu kién 4p suit thuong dung dich khi duge xem nhu 1a mot hdn hop khi . Vi
du khong khi 13 mot hon hop gdm cac chat khi hoa tan vao nhau (Nito 78%, Oxi 21%, khi

tro 1%, dioxit cacbon, hoi nudc...)

* Dung dich rin:
Dung dich ran duge tao thanh khi 1am lanh mot hop kim 1é6ng cta cac kim loai ( co

cung mot loai mang luéi tinh thé va c6 kich thudc nguyén tir xap xi nhau...) hoa tan trong
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nhau theo bat ky moi ty 18 ( giéng nhu ruou hoa tan trong nudc ) d6 1 nhitng hop kim

nhu: Ag-Cu; Cu-Ni; Mn-Fe; Ag-Au; Pt-Au...

* Dung dich long:
Dung dich 16ng dugc tao thanh khi chat tan 1a khi , long hodc ran con dung moi 1a
chat 1ong. Trong hoa hoc loai dung dich ndy c¢6 y nghia rat 1én va duoc quan tdm nghién

ctru nhiéu nhat.
8.1.3. Cac phwong phap biéu dién nong dé cia dung dich

Mot trong nhitng dic tinh quan trong cta dung dich 14 thanh phan ciia n6. Thanh
phan dinh tinh cho biét v& ban chét cac cau tir cia dung dich con thanh phan dinh luong
cho biét mdi cau tir dugc chira trong dung dich voi nhitng ndng d6 1 bao nhiéu .

Néng do cua dung dich 1a luong chét tan co6 trong mot don vi khdi luong hodc mot
don vi thé tich dung dich hay trong mot don vi khdi luong dung méi.

C6 nhimg cach biéu dién néng do khac nhau va dudi ddy 1a mot s phuong phap
biéu dién thuong duoc dung nhiéu trong thyc té:

* Nong d phan triam:

Nong d6 phan tram Ci 1 khdi lvgng gam chit tan c¢6 trong 100 gam dung dich.

1

=100 (%) (8-1)
m

Trong d6: m; - Khdi luong chét tan (gam)

m - Khéi lugng dung dich bao gdm cé chat tan (gam)
* Nong d¢ molan:

Nong d6 molan e 13 s6 mol chat tan i trong 1000 gam dung méi :

e = %1000 (molan)
m (8-2)

Trong d6 : - n; 12 s6 mol chat tan trong m gam dung mai.

* Nong dé mol:

Nong d6 mol M 1a s6 mol chét tan c6 trong 1 lit dung dich.
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Vi du: dung dich HCI 1M c6 nghia 1a trong 1 lit dung dich c6 1 mol HCI

* Nong dé dwong lwong:

Nong d6 duong luong N 13 s6 dwong luong gam cua chit tan trong 1 lit dung dich.
Vi du: dung dich KOH 1N c6 nghia la trong lit dung dich c6 1 duong luong gam KOH.

Trong phuong phap dinh phin nguoi ta thudng str dung rong rai biéu thirc vé dinh
luat duong lugng sau day:

Néu cho V, ml dung dich A néng dd N, tac dung vira da véi Vg ml dung dich B
v6i nong do Ny thi ta co:

NA.VA: NB-VB (8-3)

* Nong d¢ phan mol ciia chit tan i:
Nong do phan mol N; hay con goi 1a ndong do mol phan 1a ti sé giita sé mol n; cia

nod vai tong sO mol X n; cua tat ca cac chat tao nén dung dich.

n. n.
Nl_: L = L
noAny e on,

(8-4)

Tir biéu thirc (8-4) suy ra: 2N, =1
8.1.4. Twong tic giira dung madi va chét tan, do hoa tan

8.1.4.1. Twong tic giita dung méi va chit tan

Hoa tan 1a sy phan tan chét tan du6i dang ion, nguyén tir phan tir vao trong khip
thé tich ciia dung méi bang 2 qua trinh : ph4 v& trang thai tip hop cla chét tan va tuong
tac cua dung moi véi céc hat hoa tan dé tao thanh cac sonvat

(néu dung moéi 1 nudc thi goi 1a cac hydrat) (Hinh 8.1)
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Hinh 8.1. So' d6 hoa tan tinh thé NaCl vao nudrc.
Su hoa tan ty xdy ra va khong thuan nghich cho dén khi hé dat trang thai can béng

(dung dich bao hoa). Do vay trong qua trinh hoa tan ta co:

AG = AHy,- TAS <0 (8-5)
Trong d6

AHp= AHs + AHcr (8-6)

AS = AS, + ASs (8-7)

Entropi phén tan c6 gia tri dwong (AH, > 0);

Entropi sonvat c6 gia tri am (AHg < 0) va [(AH,; | > | AHg | nén theo (8-7) ta co
AS > 0. Nhung gia tri AS khong 16n 1am nén gan nhu khong giy anh huéng dén entropi
hoa tan AHy;.

Entropi sonvat hoa c6 gi tri &m (AHs < 0) con entropi pha v& cdu tric tinh thé co
gia tri duong (AHer > 0) nén theo (8-6) AHy, c6 thé 4m hodc duong

Nhiét lugng thoat ra hay thu vao khi hoa tan mot mol cua mdt chét got la nhiét hoa
tan

Su hoa tan cuia chit ran vao chét 16ng, chét 1ong vao chat ran chit khi vao chét long

thuong xay ra voi su toa nhiét (AH, < 0)
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Tuy nhién trong mot sd trudng hop su hoa tan ctia chit ran vao chét long xay ra
vo1 su thu nhiét (AHy, > 0) . Vi du su hoa tan cua cac mubi NaCl, NH,OH vao nudc. Pidu

nay dugc giai thich bdi gia tri cia TAS > AHy,

8.1.4.2. DY hoa tan

Néu ta cho mét chat A hoa tan vao trong mat chit B & mot diéu kién xac dinh thi
qua trinh do6 ty xay ra khong thuan nghich cho dén khi hé dat trang thai can béng (AG =0).
Dung dich thu dugc nay goi 13 dung dich bao hoa. Nong d6 cta dung dich bao hoa co gia
tri khong d6i va dugc goi 1a d6 hoa tan. Thudng do hoa tan duoc ky hiéu s 13 sé gam chét
tan trong 100 gam dung moi

Cho t6i nay chwa c6 mét dinh ludt tong quat vé d6 hoa tan nhung nhin chung do
hoa tan cua cac chat khac nhau thi khac nhau va phu thudc vao nhiét do. Mat khac & mot
muc d6 nhit dinh c6 thé 4p dung qui tic kinh nghiém : cac chit c6 ciu tao phan tir giéng
nhau thi d& hoa tan trong nhau (cac chit khong phan cuc hodc it phan cuc thi d& hoa tan
trong dung méi khoéng phan cuc ; cic chat phan cuc thi dé hoa tan trong dung moi phan

cuc.

* D hod tan chét khi vao chit long:
Do hoa tan clia cac chét khi trong cac chat 1ong thudong rat khac nhau va khi nhiét do ting
1én thi d6 hoa tan ctia cac chat khi trong cac dung moi phan cuc giam con trong cac dung
moi khong phan cuc lai ting 1én. Mét khac do hoa tan cua céac chat khi trong cac chit long
ty 1€ thuan vai ap suét cuia né trén bé mat chat long theo dinh luat Henry:
m= kp (8-8)
Trong do:
m- Khdi luong khi hoa tan trong mét thé tich xac dinh ctia chét long

k- Hé s6 ty 1& phu thudc vao ban chat cta chat khi va dung méi

* D¢ hod tan chdt Iéng vao chit long:
Do hoa tan cta chat 1ong vao chat 1ong c6 thé 1a vo han (hoa tan cua ruou etylic

vao nudc), nhung thuong thi co gidi han (hoa tan ete vao nudc).
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Mit khac khi nhiét d6 ting thi d6 hoa tan cua chat 1ong vao trong chat 1ong c6 thé

tang (hoa tan nudc vao ete) hoac co6 thé gidm (ete vao nudc).

* D¢ hoa tan chdt ran vao chat long:

18Q
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Hinh 8.2 : Su phu thuoc do hoa tan cua mot $6 chdt vao nhiét dé

D6 hoa tan cua hau hét chit rin vao chat 10ng ting 1én khi nhiét d6 ting (Hinh 8.2

a ). Tuy nhién trong mot s6 truong hop khi nhiét d6 ting do hoa tan ciia chat ran giam

(Hinh 8.2 b)

Khi nhiét ¢6 giam thi do hoa tan cua chat ran giam. Gia st & nhiét do t; d6 hoa tan

ciia chat ran l1a s, va o nhiét do t, 13 s, . Vay khi nhiét do giam tir t, dén t; thi c6 mot

luong chit rin a = s, - s; két tinh lai . Tuy nhién trong mét sé truong hop néu ta lam

ngudi that can than dung dich bao hoa ctia mot s6 chat thi khi dén nhiét do giam dén t, ta

khong thu dugc mot luong chét ran a két tinh lai. Dung dich nhu vay goi 1a dung dich qua

bao hoa - dung dich co n6ng d0o 16n @0 hoa tan & nhiét do do.

Dung qua bao hoa khong bén do d6 chi can khudy nhe hodc cho vao dung dich nay

mot mot vai tinh thé mam két tinh thi luong chat ran a s& két tinh lai va dung dich sé& tr&

thanh bao hoa.
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8.2. TINH CHAT CUA DUNG DICH CHAT KHONG PIEN LI
8.2.1. Ap suit hoi ciia dung dich lodng chit khong dién li va khong bay hoi

Hoi can bang vai dung dich 16ng goi 13 hoi bao hoa cua dung dich.
Néu né chira moi ciu tir ciia dung dich thi ap suat hoi s& bang tong ap suat hoi
riéng phan cua cac cau tir. DSi voi dung dich khong bay hoi hé 2 cau dudi day, ap suat

hoi bao hoa 1a ap suit ciia dung moi nguyén chat.
8.2.2. Pinh luit Raoult vé d$ giam ap suit hoi ciia dung méi trén dung dich

Niam 1886 bang thyc nghiém Raoult da tim thdy ap suat hoi cia dung mai trén
dung dich lodng bé hon 4p suit ctia dung mdi 16ng nguyén chit ¢ cung nhét 6 va ap sut
ngoai.

Dbi voi dung dich 1ong 4p suat hoi P; ctia dung méi ty 1¢ véi phan mol N ciia né:

Pi=k. Ny (8-9)

Khi N; = 1 (dung mdi 16ng nguyén chat) P, = P,° =k, c¢6 nghi 1a k, chinh 13 4p sut
hoi P,° ciia dung mdi 1ong (ciu ttr 1) nguyén chat & ciing nhiét d6 do:

P,=P"°. N, (8-10)

Goi N, la phén mol cta chit tan (céu tor 2 trong dung dich) , ddi v6i hé 2 chu tu ta
co:

Ny +N, =1
suy ra: Ni=1-N,
Thay N; vao (8-10), ta co:
P, =P,°.(1-Ny)

%:N2 (8-11)
1

=N, hay

Hiéu P = Plo - P, goi la dg giam tuyét doi ap suét hoi cia dung moi
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Con AP/ P,° goi 1a d6 giam twong d6i ap suét hoi cia dung méi va & dang (8-11)
dinh luat Raoult c6 thé phat biéu :
Do giam twong dbi ap suit hoi cua dung méi trén dung dich lodng khong dién li
bang phan mol ctia chét tan trong dung dich
Dbi voi dung dich rat lodng , n,<<n; , (8-11) c6 thé viét :
AP n, n, m

— =N, = ~—= = 8-12
P’ 2 n+n, n nM (8-12)

Trong do:
m - khéi luong chat tan co trong n; mol dung méi
M : Khéi lwong mol cta chét tan
& dang (8-12) dinh luat Raoult c6 thé phat biéu :
Do giam twong ddi ap suat hoi ciia dung méi trén dung dich lodng khong dién li ty
1é v&i s6 mol ctia chit hoa tan co trong mot lugng dung moi xac dinh
8.2.3. Pd giam nhiét d§ dong dic va dd ting nhiét dd sbi cia dung dich loiing chit

tan khong bay hoi:

t°C

Hinh 8.3 : Gidn do dé tang nhiét do soi cua dung dich
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Bét ctr pha 1ong nao nguyén chat hay dung dich ciing bat dau soi ¢ nhiét d6 ma tai
d6 4p suét hoi bao hoa ciia n6 bang ap suat ngoai va dong dic ¢ nhiét d6 ma tai d6 ap suat
hoi ctia n6 bang ap suét cua tinh thé chat ran ciia pha long

Khi ta cho vao dung méi 1 chat tan khong bay hoi thi 4p suit hoi ctia dung méi
trén dung dich s& giam xuéng dan dén 1am ting nhiét do soi va lam giam nhiét d6 dong
dic cua dung dich (so v6i dung moi nguyén chét )

Trén hinh (8.3 ) biéu dién sy phu thudc ap suat hoi ciia dung méi nguyén chét (H,O - OA)
va dung dich (O' A,0 "A ") vao nhiét do. Tir gian do ta thiy dung dich dong dic ¢ nhiét
do thép hon va s61 & nhiét d0 cao hon so véi dung mdi nguyén chét . Gia tri dinh lugng
luong cua sy phu thude d6 da duoc Raoult thiét 1ap:

ATgq = kg ¢ (8-13)

ATg = kg .e (8-14)
trong do:

AT4(d0 giam nhiét do dong dac) = T4(dung moéi) - T4 (dung dich)

AT (d¢ tang nhi¢t do s61) = T, (dung dich) - T, (dung moi)

kg, kg - hﬁng ) nghiém dong va hﬁng ) nghiém soi;

e - ndng do molan (s mol chat tan trong 1000 gam dung mai).

Néu goi m 1a khéi luong gam chat tan c6 trong D gam dung moi , M khéi lugng
mol chit tan thi (8.13) va (8.14) c6 dang:

AT, =k, "5 (8-15)
ATy = ks ™p (8-16)

Phuong phap xac dinh M dua vao (8-15) hodc (8-16) dugc goi 1a phép nghiém
lanh hodc phép nghi€ém so61

Dy 1a nhitng phuong phap thue nghiém duoc st dung rong rii trong thuc té.
8.2.4. Ap suét thAm thiu:

* Thi nghiém 1:
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Gia str cho hop chiat CuS0,.5H,0 tiép xtic véi nude. Cac phan tir ciia chit tan s&
khuyéch tan vao dung moi con cac phan tir dung méi sé& khuyéch tan theo chiéu nguoc
lai: hudng khuyéch tan clia phan tir cac hop chat xay ra theo chiéu tir noi c6 nong do cao
dén noi c6 nong d6 thip. Két qua cua su khuyéch tan hai chiéu din dén lam can bing
ndng d6 trong tat ca thé tich dung dich.

* Thi nghiém 2:

Néu ta nhung binh nghiém 1 dyng dung dich dudng c6 day 1a mot mang ban tham
(mang chi cho dung méi di qua con chit tan khong di qua duoc) vao cdec nude 2 (hinh

8.4).

HHHEHHHEHNANNNNN

Hinh 8.4 : Thiét bi don gian do dp sudt tham thdu

Céc phan tr nudc tir noi ¢6 ndng do cao (tir cde nude 2) s& khuyéch tan qua mang
ban thAm dén noi c6 nd co ndng @6 thap (binh nghiém 1). Hién twong khuyéch tan mot
chiéu cac phan tir dung moi di qua mang ban thAm goi 13 sy tham thau. Luc tac dung 1én
mot don vi bé mat ngan can cac phan tir dung mdi di qua mang ban thim goi 1a ap suat
thAm thiu. Trong thi nghiém trén ap sut thim thiu chinh bang ap suit thuy tinh cta cot
dung dich c6 chiéu cao 1a h
Nam 1886 béng thuc nghiém Vant Hoff da thiét l1ap dugc phuong trinh tinh ap suét thAm
thiu cta dung dich lodng :

P, =CRT (8-17)

Trong d6 C 13 ndng d6 mol
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Néu n, 13 s6 mol chét tan c6 trong thé tich V cua dung dich , m la $6 gam chét tan

c6 trong thé tich 6 va M 1a khéi lwong phén tir chit tan ta o :

P nRT _ mRT
YV MV
Viy dinh luat Vant Hoff c¢6 thé phat biéu:

(8-18)

Ap suit tham thau cia dung dich lodng c6 gi tri bang ap suat ma s6 mol chét tan
c¢6 duoc néu nhu ¢ trang thai khi 1i tuong né chiém maot thé tich bang thé tich V ciia dung

dich va ¢ cung moét nhiét do T nhu dung dich.

8.3. TINH CHAT CUA DUNG DICH CHAT PIEN LI
8.3.1. Thuyét dién ly
8.3.1.1. Tinh chit bit thuong cia dung dich di¢n li

TAt ca cac hop chit duoc chia thanh 2 loai: chat dién 1i va chat khong dién 1.

Chat dién li (axit, bazo, mudi) 1a nhig hop chat ma & trang thai dung dich long
hodc nong chady c6 kha nang dan dién. Chat khong di¢n li (rugu, ete, hydrocacbon...) 1a
nhirng chat khong dan dién. Trong phan tiép theo chi nghién ctru dung dich nuéc cua axit,
bazo va mubi.

Nghién ciru tinh chét cia dung dich dién li ngudi ta nhan thay ring cac gia tri: o
giam ap suit hoi bdo hoa Dp', d0 giam nhi¢t d0 dong dac Dt'y, d0 tang nhiét do so61 Dt's va
ap suét thAm thau P, thu duoc béng thuc nghi¢m déu 16n hon Dp, Dtg, Dt;, P tuong ing
tinh theo 1y thuyét cia dung dich chat khong dién 1i.

8.3.1.2. Thuyét dién li ciia Arrhennius

Tinh chat bt thuong trén ddy cua dung dich chit dién 1i duoc Arrhenius giai thich
bang thuyét dién li. Theo dng khi hoa tan trong nuéc cac phan tir chat dién i phan li thanh
cac phan tir mang dién tich duwong (ion duong) va cac phan tir mang dién tich 4m (ion
am). Hién tuong cac phan tir phan li thanh céc ion goi 1a su dién li hay su ion hod. Duéi
tac dung cua dong dién, cac ion duong chuyén dén catot va cac ion am chuyén dén anot -

dung dich dan dién.
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Dé dinh luong vé tinh chat bat thuong ctia dung dich chit dién li Van't Hoff da dua
vao cac cong thirc (8-11, 8-13, 8-14, 8-17) thira s6 hiéu chinh i goi 1 hé sb Van't Hoff.

Nhu vay dbi voi dung dich chat dién li ta co:

i—?:iﬁ—? — N,
Atly = ike.C
Aty = ik,.C
P' = ic,RT

Suy ra:

Ap'_Afs AL, P (8-19)
Ap Aty A, P

N

Nhu vay, d6i v6i dung dich chat dién li ta ¢ i >1, dung dich chat khong dién 1i i=1.
Y nghia vat 1y ctia hé s6 Van't Hoff.
S6 phan tir c6 trong dung dich (8-20)

S6 phan tir hoa tan

Thuyét dién 1i ciia Arrhenius tuy giai thich duoc tinh bat thuong va tinh din dién
cua cac dung dich axit, bazo, mudi béng su ion hod cua chét tan nhung chua néu 1én dugc
vai tro cua dung moi.

Thiéu sot cta Arrhenius d3 duoc bd sung béng thuyét dién 1li hién dai cua

Cablucdp.

8.3.1.3. Thuyét dién li Caclucép

Dién li 1a qua trinh phéan li phan tir chat dién 1i thanh cac ion dudi tac dung cua
dung moi phan cuc.

Su ion hoa chat dién 1i boi tac dung ctia dung moi phan cuc chia thanh 2 loai:
1. Su dién i ca hop chét ion

Vi du: Sy hoa tan cua NaCl trong H,O tao thanh cac hydrat duogc trinh bay trén

hinh 8.1. & ddy phuong trinh dién li cia NaCl c6 thé viét:

NaCl + mH,0 = Na'.nH,0 + Cl(m-n)H,O
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2. Su dién 1i ciia hop chat phan cuc
Vi du: Su hoa tan cua HCI vao H,O (hinh 8.5 ) ¢ day dudi tac dung cua H,O phan

tr HCI tr¢ thanh phan cuc hon va dan dan chuyén thanh ion.

Cation Anion

Hinh 8.5 : So' d6 qud trinh hydrat hod va phan ly ciia phdn tir phin cye dang HCI

HCl + nH,O = H;0" + CI'(n-1)H,0O

Su dién 11 1a mdt qua trinh thuén nghich ( =2 ) trong d6 mdi quan hé vé ndng do

gilta cac phan tr khong phan li va cac ion dugc dinh lugng béng do dién 11 o
8.3.1.4. P dién li. Hing sé dién li

* D¢ dién li:
Do dién li a 14 ti s giita s6 phan tir phan 1i trén s6 phén tir hoa tan.
Néu tinh theo néng d6 mol thi:

o =2 hogcoa=2>.100% (8-21)

n n
Trong do:
x - s6 mol phan tir chét tan phan li;
n - s6 mol phan tir chét tan c6 trong dung dich.
Ttr (8-20) ta nhan thdy 0 < o < 1 hodc 0 < a < 100%.
Nhu vay dbi voi chat khong dién li oo = 0. Di véi cac chat dién li thudng chia
thanh 3 loai:
- Chét dién li manh o> 30%

- Chit dién li trung binh a trong khoang 2-30%
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- Chat dién li yéu a < 2%.

* Hing so dién li:
Dbi voi chat dién li yéu c6 thé van dung dinh luat tic dung khéi luong dé tinh hang
s6 can bang K.

Vi duy, hang s6 can bang cia axit axétic:
CH;COOH S  CH;COO +H'

. |#*| |cH,coo-|
~ [cH,cooH]

Hang s6 can bang ion trong dung dich chét dién li goi 1 hang sb dién li. Péi vai
chat dién li yéu K khong phu thudc vao nong do dung dich ma chi phu thudc vao nhiét do.

“Quan hé giiva dp dién li va hang sé cin bang:

Gia st trong vi du trén dung dich axit axétic c6 néng do C mol/lit va d¢ dién i a,

tai thoi diém can bang ta co6:

Kation hydrd .........cccveeeeeee. [H]=C.a
Anion axit
S6 phan tir khéng phan i ...... [CH;COOH] = C(1-a)
Suy ra:

[H*][CH,COO] Ca.Ca o’
[CH,COOH] C(-a) Il-a

C (8-22)

Phuong trinh (8-22) 1a biéu thuc toan hoc don gian nhét cta dinh luat pha loang
Ostwald. Theo (8-22) ta thdy néu a ting thi K ting, do d6 mudn K = const thi C phai
giam. Ttc phai 1am lodng dung dich. Déi véi chat dién 1i yéu a c6 gia tri nho 1-a tinh gan
dung bang 1 suy ra (8-22) c6 dang:

K=0a’.C (8-23)
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8.3.1.5. Phwong phap xdc dinh dj dién li
Do dién thuong duoc xac dinh tir d6 dan dién. Ddi véi dung dich lodng chat dién 1i

yéu:
A
a = —
A,

Trong do:
)\ - d0 dan dién duong luong: d6 dan dién cia mot duong lugng gam chét tan c6
trong mot thé tich V cm® & vung gitra 2 di¢n cyc dat cach nhau lcm.
Ao - dd dan dién duong luong gidi han khi dung dich duoc lam lodng dén vo
cung (C —> 0; V > o)
Do dién li cling c6 thé xac dinh qua mbi quan hé phuy thudc 13n nhau giita a va i.
Gia st s6 mol chat dién li trong mot thé tich 1a N, s6 ion do mét phén tir phan li 1a
n thi ta ¢6 sb ion trong dung dich 13 naN, s6 mol chat dién li khéng phén li (N-aN), sb
phan tr ¢6 trong dung dich (N-aN + naN). Theo (8-20) ta co
N —aN +naN
N
i—1
n—1

Suy ra: o=

(8-24)
Trong d6 i xac dinh bang thuc nghiém theo (8-19) rdi thay vao (8-24) s& tim dugc a.
8.4. THUYET AXIT - BAZO

Hau hét cac chat dién li déu biéu hién hodc tinh axit hodc tinh bazo. Tuy nhién cho
dén nay chua c6 mot dinh nghia tong quat mang tinh chat dic trung cho mdi quan hé
tuong tac axit - bazo trong moi loai dung méi. Do viy céc thuyét axit - bazo sau day chi

dé cap dén truong hop dung mai 12 nudc.
8.4.1. Thuyét axit - bazo Arrhenuis

Axit 12 hop chét ¢ chira nguyén tir hydro, khi phan li trong nudc cho ion H'
Bazo 12 hop chit c6 chira nhom OH, khi phén li trong nuéc cho ion HO®
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Quan diém trén cua Arrhenuis da giai thich tdt duoc nhiéu van dé thuc nghi¢m. Do
1a dung dich céc axit (hodc bazo) déu c6 chung mot s tinh chit vi déu c6 chira H' (hodc
HO); quan hé twong téc axit - bazo thuc chét 1 phan tng trung hoa:

H + HO = H,0

D6 dan dién va tinh xtic tac ciia cac dung dich bién ddi ti 1& véiion H,

Tuy nhién thuyét axit - bazo ctiia Arrhenuis c6 mot sé mit han ché. D6 1a phan to
NH; khong chira HO', phan tir CO, khong chira H' nhung khi hoa tan trong nudc NH; thé
hién tinh bazo, CO, thé hién tinh axit. axit va bazo c6 thé phan ing v61 nhau ma khong
can phan li thanh ion . Vi dy, HCI khan phan tng vi NaOH khan.

Mot s6 hop chat dién li c6 chira hydré khi phan li trong dung dich nay thé hién tinh
axit nhung trong dung dich kia thé hién tinh bazo.

Vi du: Anilin trong améniac thé hién tinh axit:
CeHsNH, + NH; , C¢qUsNH + NH;

Trong nudc thé hién tinh bazo:
CHsNH, + H,0 , Ce¢HsNH;" + HO
Nhimng han ché trén day cua thuyét axit - bazo ciia Arrhenuis 13 do ong di khong

cht y dén vai tro cia dung moi.
8.4.2. Thuyét axit - bazo ciia Bronsted

Theo Bronsted, axit 1a chit co kha ning cho proton con bazo 13 chét c¢6 kha ning
két hop proton.
Qua trinh ion ho4 1a sy twong tic cua chét tan v&i dung méi trong d6 dung moéi co
thé dong vai tro hodc axit hoac bazo.
Vi du:
NH; + H,O  NH; + HO
bazo axit

HCl + NH; , NH' + CI

axit bazo
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Nhu vay néu ai lyc dén proton ciia dung méi 16n hon chat tan thi dung méi thé
hién tinh axit con néu nhé hon thi thé hién tinh bazo.
Tuong tu nhu phan tng 6xi hod - khir phan tng ctia chat hoa tan véi dung moi
duoc xem nhu 13 tong ctia hai qua trinh axit - bazo lién hop (cdp axit - bazo lién hop). Vi
du:
HCl + HO0 === H;O' + CI

axit 1 bazo 2 axit 2 bazo 1

HCI % CI" va H;0" % H,0 1a cac cip axit - bazo lién hop. Pé so sanh d6 manh,
yéu cuia cc cdp axit - bazo ngudi ta thuong 1ay cap H;0" % H,O lam chuén goi 1a thang
axit - bazo doi véi nude.

8.4.3. Tich s ion ciia nuéc - chi s6 hydré (3¢ pH)

Cip H;0" - H,O ctia nuée tu ion hoa
H,0O + H,0 &= H;0' + HO
bazo 1 axit 2 axit 1 bazo 2

hay 2H,0 == H;0" + HO

Nguoi ta viét: = [H;07] [HO'] va goi 1a tich s6 ion cua nudc.
Céc nong do ion: [H;0']=[HO]=C dugc xac dinh bang cach do d6 dan dién cua
nude va dd dan dién mol , cua cac ion & 25°C:
Ao 55.10°Q7" m™

C =—F— = ——— —=10"" molm™> = 10" M
Mo+ (350 +198)10 Q" m? mol

Suy ra: Ko = C?=T[107)7 = 10" M)

2

Nguoi ta dinh nghia pH 1a logarit thap phan hoat d0 proton hydrat hoa.
Néu [H;0"] << 1M ta cé:

pH =-1g[H;0"] (8-25)
Doi voi nuée nguyén chat  [H;0'] = [HO = K, , =107
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Suy ra: pH = 7 moi truong trung tinh
pH < 7 moi truong la axit
pH >7 mdi trudong 1a bazo

Mot cach tuong tu, nguoi ta dinh nghia:

pOH = -1g [HO'] (8-26)
Vi [H;0'] [HO] =
Suy ra: pH + pOH = p = 14 (8-27)

8.4.4. P manh cua axit va bazo
Xét dung dich nudc cua axit HA
HA + H O == H;0" + A
Axit manh néu n6 phan 1i hoan toan, tic 1a trong dung dich khéng con ton tai cac
phan tr HA (vi du axit HCI, HNOs...)
Trong truong hop néu HA phén i khong hoan toan ta co:
_[H,0°)[47]

a Al (8-28)
K, 12 hang s can bang va thuong goi 1a hang s axit.
Nguoi ta cling dinh nghia:
pK. = -1gK, (8-29)

Axit s€ cang manh khi pK, cang bé.
Xét dung dich nudc cia mot bazo
B + H,0 = BH + HO

Bazo manh néu B phan li hoan toan, vi du NaOH, trong truong hop nguoc lai ta

co:
K, = BHIHO| (8-30)
[B]
Trong d6 K, 1 hang s6 bazo.
Nguoi ta cling dinh nghia:
pKy = -IgKy (8-31)

Bazo cang manh khi pK,, cang bé.
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Xét mdi quan h¢ gitra pK, va pK,, ctia mdt cdp axit - bazo ta co:
Dbi voi axit HA:
HA + HLO &2 A + H;0"

K, =
Dbi voi bazo lién hgp A ciané: A” + H,0 == HA + HO
K, =
Tich: K.K, =.=[HO"[HO] =
Suy ra: pK,+pK, = 14 (8-32)

Néu axit HA twong d6i manh (pK, bé) thi bazo lién hop ctia né A” yéu va nguoc lai.

8.4.5. Tinh pH cua cac dung dich nwéc
8.4.5.1.Tinh pH cua axit

* Axit manh:

Phan Urmg phén li axit manh (phan li hoan toan ):

HA+ H,0 = H;0" + A
Phan tng phén li nu6c: 2H,0 == H;0° + HO
Néu bo qua cac ion H;O" do nudce phan i ta c6:
[H:0'] = [A] = C,
C,la néng do mol cua axit

Suy ra: pH =-lg[H;0"] = -IgC, (8-33)

* Axit yéu:
Phan tmg phén li axit yéu:
HA + H,0O &2 H;0" + A
Phan Umg phén li nudce:
2H,0 = H;0° + HO
Hang s phan li:

K = HO0'lAT]
) [HA]

96
https://tieulun.hopto.org



Phan tmg phan li & day chi yéu la:

HA + H,O == H;0" + A
Do d6 [H;0'] = [AT]
Néu C, 12 ndng db axit thi:

C,=[HA]+[A]

suy ra: [HA] =C, - [H;0]
Do do:
[H,0"]
* C,-[H,0"]
~-K, +4K?+4K C
Suy ra: [H:0'] = 2” o (8-34)

Néu axit rit yéu va ndng do axit khong qua nho [A] << [HA]
Co thé viét [HA] » C, , ta co:
_ [H;0'F

C

a

Suy ra: [H;0'] = JK,C, (8-35)

Ka

8.4.5.2. Tinh pH ciia bazo
* Bazo manh:
Phan tng phan li cua dung dich bazo manh (phan li hoan toan):
2H,0 H;O" + HO
B + H;0'  BH' + H,0

Néu bo qua [H;0'] do nudc phén li thi theo nguyén 1y trung hoa dién ta cé:
[HO] = [BH] =G,

Cyla néng do mol cua bazo.

Tur: [H;0'] =

Suy ra:
pH = -1g[H;0"] = 14 + 1gC, (8-36)
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* Bazo yéu:

Phan tmg phén li ctia dung dich bazo yéu
—>

2H,0 €= H;0'+ HO (1)
B +H:0' <= BH' + H,0 )
Cong (1)va(2)taco: B + H,0O <2 BH' + HO'
Do d6 hang sb phan li:
K, = [BHIHO")
[B]

Néu bo qua nong do [H;0'] do nudce phan li, ta c6 [BH'] = [HO]

Va tir C,=[B]+[BH'],taco [B]=Cy-[BH']
_ [HOP
*[C, -[HO |
Suy ra:

—K, £4/K2 +4K
HO = o VK, H4K,G, (8-37)

2
Néu bazo rat yéu va nong d6 bazo khong qua nho [BH'] << [B] thi c6 thé viét [B]

» Cyp va:

_ [HOP 1=
Ky, = c Suy ra: [HO] = K,C, (8-38)

b
Tu (8-37) va (8-38) tinh dugc pOH va pH theo cong thurc:
pH = 14 - pOH (8-39)

8.4.5.3. Tinh pH ciia cdc dung dich mudi

Muébi la hop chét duogc tao thanh tir cation kim loai hodc ion amoni NH; va anion
gbc axit.

Nghién ctru tinh chat ciia mudi ngudi ta nhan thy rang mot trong nhimng tinh chat
hoa hoc chung cta ching 14 sy thuy phan - tirc 1a phan tng giita cac ion mudi véi nude.
Trong phan tmg nay c6 thé mot loai ion ctia mudi (cation hodc anion) ¢6 kha ning két hop
manh hon véi ion H;O" hodc HO™ cua nude 1am cho can béng

2H,0 &2 H;0° + HO
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chuyén dich vé bén phai. Két qua 1a san phim cta sy thuy phan c6 thé ¢ tinh axit hodc
bazo dan dén su thay d6i pH cua dung dich. Trong thuc té thudng gip ba truong hop
mudi bi thuy phén sau:
1. Néu mubi duoc tao thanh boi1 bazo manh va axit yéu nhu Na,CO;, K,COs;,
CH;COONa, KCN... thi khi thuy phan dung dich mudi s& c6 pH >7.
Vi du: CH;COONa = Na' + CH;COO

2H,0 S H;0" + HO

CH;COO + H;0© S CH;COOH + H,0

Sy két hop CH;COO™ véi Hy;O tao thanh chit dién li yéu CH;COOH 1am chuyén
dich can bang dién li ciia nudc, tic 1a 1am ting HO™. Do vdy dung dich c6 tinh bazo (pH >
7). Trong truong hop ndy, dé tranh thuy phan can phai cho thém kiém. pH cua dung dich
mudi loai nay duoc tinh nhu cach tinh pH cua dung dich bazo yéu (8-37; 8-38)
3. Néu mudi duoc tao thanh bsi bazo yéu va axit manh nhu NH4Cl, NH4;NO;, AICl;,
CuSOs,... thi khi thuy phan dung dich mudi s& c6 pH < 7.

Vi du: NH,Cl1 = + CI
2H,0 S HO + H;0"
NH; +HO S NH,OH

Su két hop NH, voi HO  tao thanh chat dién 1i yéu NH,OH 1am chuyén dich can
bang ciia nudc vé bén phai 1am ting ion H;0", do vy dung dich c6 tinh axit (pH < 7).
Trong trudng hop ndy, dé tranh thily phéan thi can phai cho thém axit. pH cua dung dich
mudi loai nay duoc tinh theo cong thirc tinh pH cua axit yéu (8-34; 8-35).
3. Néu mudi duoc tao thanh boi1 mot bazo yéu va mot axit yéu nhu NH4CN, (NH,),S,
ALS;, (CH;COO)sFe... thi khi thuy phan dung dich mudi s& c¢6 7£ pH £7 tuy thudc vao
méi twong quan gitra do manh yéu cia cac axit - bazo duge tao thanh trong dung dich.
Vi du: CH;COONH,; +H,0 D CH;COOH + NH,OH

K 1,76.107 1,79.10°

Héng $6 dién i cuaa CH;COOH va NH,OH gﬁn nhu nhau nén dung dich

CH;COONH,4 c6 pH=17.
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8.5. CHAT CHI THI MAU

Dé xac dinh chinh xac d6 pH cua dung dich dién li nguoi ta st dung phuong phap
pH met. Tuy nhién khi khong can mét do chinh x4c cao 1dm va can phai xac dinh nhanh
d6 pH ngudi ta dung chit chi thi mau (Ctm)

Chét chi thi mau 13 chit ma mau cta né bién ddi theo d6 pH. Chét chi thi mau cd
thé 1a mét axit hodc bazo hitu co yéu, nhung thudng dung axit yéu.

Vi dy, phan ting phan ly ctia phdm mau axit:

HCt, + HO S H;0" + Ct

mau axit mau bazo
_ [H,0'I[Ct, ]
! [HCt, ]
[HCt ]
S : H;0'] = K,. m
uy ra [H30'] (C ]
hay pH=pK, +1g (8-40)

Néu [HCt,] = [Ct ] (can bang ndng d6 cua 2 dang mau)
Suy ra: pH =pK, d6 la mau nhay cam
Néu dang mau axit chiém wu thé [HCt,,]>>[Ct. ] thi thuc nghiém cho thay diéu
do xay ra khi [HCt,,] > 10 [Ct_ ], hay
pH<pK,-1
Néu dang mau bazo chiém wu thé [Ct]> 10 [HCt,,] hay
pH>pK,+1
Mién pH nam giita
pK.-1 < pH > pK, +1 (8-41)
goi 1a mién d6i mau (khoang chuyén mau). Dbi v6i mdi chét chi thi mau (pK, c6 mot gia
trj hoan toan xac dinh) c6 mot khoang chuyén mau hoan toan xac dinh (mién gach chéo

trong bang 8.1)
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Bang 8.1: Khoang chuyén mau ctia mot s6 chat chi thi mau

pH 0 |31 4,4 7 8 9 10 14

Metyl da cam  [&— héng—> c‘;?n vang

Qui do tim xanh ————>|

Phenolphtalein «—— khone mau héng|l¢——— d6  ——3
8.6. TICH SO HOA TAN

Xét hé can bang gitra chét ran it tan AgCl v6i cac ion trong dung dich bdo hoa ciia
no:
Vi
AgCl g Ag" + CI

Trong do: v; = K,.S

vy = Ku.S (aag acr )

K,, K, - hang s6

S - dién tich bé mit chat rin
Tai thoi diém can bang v, = v,

K;S=K,S a Ag.aCl

Suy ra : —L =ap,ta,

Gia tri khong doi K,/K, duoc goi 1a tich s6 hoa tan (ki hiéu 1a T)
Vi chét dién li tan rat it nén c6 thé coi hoat d6 ctia ion béng néng do cua no.
Tagcr = [Ag7][CI]
Vay trong dung dich bao hoa cua chit dién li it tan, tich sb néng do cac ion la mot
hang s6. N6 chinh 1a tich s6 hoa tan T. Trong truong hop chét dién li cho nhiéu ion:
AB, S nA™ + mB"
ta co:
T, = [A™T [B"]" (8-41)
Tich sb hoa tan T 14 hing sé khong c6 nghia ndng d6 cua cac ion trong dung dich
bdo hoa ciing 13 hang s6. Vi du néu trong trudng hop trén ta thém HCI vao dung dich thi

ndng d6 ion CI s& ting 1én. Tai thoi diém nay ta co:
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[Ag'T[CI] > Tag
Dé gia tri [Ag][CI] = Tagcr thi phai giam ndéng do ion CI, nghia 13 cin bang
chuyén dich theo chidu v, : (Cl + Ag" — AgCl),chiéu tao két tia AgCl .
Viy mot chat dién 1 it tan chi c6 thé két tua khi tich s6 ndng d6 ion ctia n6 16n hon
tich s6 hoa tan.
Nguoc lai néu giam ndng d6 cta ion bén phai, vi du Ag” thi lic do:
[AgT[CIT < Tage
Va can bang s& chuyén dich theo hudéng vi: (AgCl - Ag™ + CI"), huéng hoa tan

két tua.

8.7. DUNG DICH KEO
Dung dich keo 13 hé théng phén tan trong d6 cac hat pha phan tan c6 kich thudc tir
10”7 dén 10°m. Céc hat pha phan tan ciia hé nay chi c6 thé nhin thdy dudi kinh siéu hién

vi dugc goi 1a hé si€u vi di thé.

8.7.1. Piéu ché dung dich keo
C6 hai phuong phap diéu ché dung dich keo: phuong phap phan tan va phuong
phép ngung tu.

* Phwong phap phan tan:

Phuong phap nay dua vao sy nghién cac hat 16n thanh hat nho bang cbi xay keo
hodc cho phong tia Ira dién giita 2 dién cuc bang kim loai clia pha phan tin nhu vang,
bac, platin dudi nudc. Trong trudng hop dung tia lira dién, & ving hd quang kim loai bi
bay hoi va ngung tu thanh cic vi va siéu vi tinh thé, chung hap thu cac ion HO™ va tao
thanh dung dich keo.

* Phwong phap ngung tu:

Pay 1a phuong phap két hop cac phan tir, nguyén tir, ion riéng biét thanh céc tap
hop 16n hon.

Vi du, néu thém tung giot FeCl; vao nudc séi thi s¢ thu dugc dung dich keo

Fe(OH);: FeCl; + 3H,0 = Fe(OH); + 3HCI
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8.7.2. CAu tao mixen ciia dung dich keo

Hinh 8.6. So' d6 cdu tao mixen ciia hat keo hydroxyt sat III
Nhitng hat trung hoa vé dién tich va ton tai doc lap trong dung dich keo goi la
mixen.
Cong thirc ctia mixen ciing co thé biéu dién

{[Fe(OH);] . nFeO (n-x)CI'} " xCI'

nhan | 16 bi hdp phu ——> | «<—— 16p khuyéch tan—>

hat keo

mixen |

Ta hiy xem xét nhitng dic diém cdu tao chung ciia mixen qua vi du diéu ché dung
dich keo bac iodua tir bac nitrat va kali iodua.
mAgNO; + (m+n)KI = Ym[AgIrT(n-x)K'Y*xK" + mKNO;

Céu tao cua mixen duoc biéu dién trén hinh(8.6)

8.7.3. Tinh chit ciia dung dich keo
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- Cac hat keo c6 kich thudc twong dbi 16m so véi kich thude cta phan tir va ion nén
khi di qua mang bong bong dong vt thi chung bi giir lai. Tinh chat nay thuong dugc st
dung dé 1am sach keo.

Khi chiéu mot chum tia sang qua dung dich keo thi s& quan sat thiy mot ving anh
sang trong dung dich. Hién tugng nay duogc goi 1a hi€éu ung Tindan (hinh 8.7 H). Hi¢u
mg nay duoc gy ra do sy tan xa cla cac hat keo trong dung dich. Nho tinh chat nay ma
c6 thé quan sat duogc cac hat keo dudi kinh siéu hién vi.

Nhitng tinh chat ciia dung dich keo nhu 4p sudt tham thau, do giam 4p suét hoi bio
hoa, do ting nhiét do sbi, d6 giam nhiét do dong dic déu thé hién yéu hon so v6i dung
dich that. Diéu nay duoc giai thich béi néu cing mot nong d6 mol bang nhau thi s6 phan
tur ¢6 trong mot don vi thé tich cua dung dich that s€ 16n hon dung dich keo.

Tt ca cac hé keo dugc chia thanh hai nhom 16n: Keo wa long va keo ki long.

Hinh 8.7 : Hi¢u ung Tindan

Keo wa long (liophil) 1a keo hp phu cac phan tir méi truong tao thanh mot 16p vo
boc sonrat. Néu moi truong khuéch tan 1a nude thi goi 1a keo wa nuée (hydrophil):
abumin, hd tinh bot, protein... Do bén cua loai keo nay dugc quyét dinh boi kha nang

ngan can khong cho cac hat keo két dinh lai véi nhau cta 16p vo hydrat.
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Keo ki long (liophob) 12 keo hau nhu khong hdp phu cac phan tir ctia moi trudng
phan tan (néu méi trudng nudce thi goi 1a keo ki nude - hydrophob). Do bén cua keo bi
nudc duoc quyét dinh bdi sy tich dién cung diu cua céc hat keo. Céc keo cua céac hop chit
kim loai nhu Au, Ag, Cu, Pt... 1a nhitng keo ki nudc. Trong vi du trén keo Agl va
Fe(OH); 1a keo ki nudec.

- Pé 1am giam do bén cua cac dung dich keo thi ngudi ta tim cach pha v& 16p vo
hydrat ctua keo va nudc hodc lam trung hoa di¢n tich cua keo ki nude va lac do xdy ra su
két tha keo - su dong tu keo.

Su dong tu keo co thé thuc hién b'fmg cach cho thém vao dung dich keo mdt chét
dién li, tron dung dich keo v&i mot dung dich keo khac tich dién trai d4u hodc dun néng
cac dung dich keo.

Su dong tu keo co thé xdy ra thuan nghich hoac bt thuan nghich. Néu cac hat keo
két tua khi tiép xtic voi nude lai chuyén thanh dung dich keo thi d6 1a s dong tu thuin
nghich, con néu khong chuyén thanh dung dich keo thi goi 1a sy dong tu bat thuan nghich.

Trong mdt s6 truong hop cd thé chuyén mot két tua keo bat thuan nghich thanh
thuan nghich béng cach cho thém mot lugng nho chét dién li vao nuéc. Hién tuong nay

duoc goi 1a su pepti hoa.
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Chuong 9
PHAN UNG OXI HOA KHU VA PIEN HOA

9.1. PHAN UNG OXI HOA KHU. CAP OXI HOA - KHU

Phén tng 6xi hod - khtr 14 loai phan tng x4y ra cing vé6i su thay ddi s6 6xi hoa cta
céc nguyén tir c6 mit trong thanh phan cta hop chét tham gia phan tng.

Trong phan tng oxi hoa khir dong thoi xdy ra hai qua trinh sy oxi hod va su khir.

Su 0x1 hoa mot chét 14 1am cho chat d6 mét electron. Chat mat electron goi la chét
khir. Céc chat khir quan trong nhu kim loai (ddc biét 1a kim loai kiém va kiém tho ), cac
chit khi nhu H,, CO va cac ionnhu I, S, H'...

Su khtr mot chit 1a lam cho chit d6 nhan electron. Chat nhén electron 1a chit 6xi
hoa. Cac chit 6xi hoa quan trong thuong gip nhu: cac hop chat don gian (F,, Cl, Bva, L,
0,, S...), cac axit (H,SO,), HNO;, HCIO, HCIO;, HCIOy...), cac mudi (KMnO,, K,Cr,0;,
KClOs...), cac anhydrit, oxit va pedxit (CrO;, Mn,0-, PbO,, MnO,, H,0,, Na,0,...) va cac

ion kim loai chuyén tiép Fe’ ’ AU’ ’ Cu*'...
9.2. THE OXI HOA KHU TRONG DUNG DICH. THE TIEU CHUAN

Thuc té cho thy rang kha ning oxi hoa ctia cic chat oxi hoa va kha ning khtr cia
céc chat khir 1a rat khac nhau. Mot hop chat hoa hoc c6 thé dé dang bi 6xi hoa boi chat
6xi hod nay nhung hoan toan khong bi 6xi bdi chat khac. Diéu nay duoc giai thich bai su
khéac nhau vé kha nang cho hodc nhén electron cua chat khtr hodc chét 6xi hoa. Pé dinh
luong kha nang cho hodc nhan electron cua chat khtr hodc 6xi hoa nguoi ta dung thé tiéu

chuén 6xi hoa khr.
9.2.1. Thé dién cuc

Néu ta nhing mot thanh kim loai (vi du Zn) vao nudc sach thi cac ion trén bé mat
kim loai s€ b1 hydrat hoé va di vao nude. Kim loai bi hoa tan:

M + mH,O0 = M" .mH,0 + ne
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Két qua la electron chtra trong kim loai du (kim loai tich di¢n am), nudc chura
cation kim loai (tich dién duong) va do d6 lam xuét hién mét lyc hat tinh dién trén ranh
gidi gitra kim loai va chat 1ong (hinh 9.1). Nguoi ta n6i & day xuat hién mot 16p dién tich

kép va hiéu di¢n thé trén bé mat nay duogc goi la thé dién cuec.

@ @ @ Zn | H0

© © 3 \
® ® @ ]

© © © M
® ® @ — o> g
@@@@@@&# i
5%5% " M

—»  @E+ED ¥
© © o | IR

Hinh 9.1 : So' d6 hoa tan ion kim loai bang sy hydrat hod (a)
va sw xudt hién thé dién tich kép (b)

9.2.2. Nguyén t6 ganvani

Su chuyén hoa nang lugng hoa hoc thanh dién nang dugc thuc hién trong nguyén
t6 ganvani bang phan mg 0xi hoa khtr dién cuc. ¢ day dé thu dugc dong dién thi can phai
tién hanh qué trinh oxi hoa va qua trinh khir trén hai di¢n cuc riéng biét nham tao ra mot
su chénh léch dién thé giita hai dién cuc.

Vi du: Nguyén t6 ganvani dong - kém (pin Panien - Iacobi c6 so d6 cdu tao nhu

sau: (hinh 9.2) o0 SN 4o B,
\J

Ped ek

Zn Cu

Hinh 9.2. So' d6 cdu tao pin Panien - Iacobin
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Hai dién cuc kém va dong dugc nhung vao 2 dung dich mubi ZnSO, va CuSO,
tuong Gmg. N6i hai dung dich bing mot éng chira chat dién 1i bao hoa (KCI, NaCl...). Khi
nbi hai dién cuc bang mot day dan kim loai thi do thé dién cyc giira hai cuc khac nhau
nén dong electron s& chuyén dich tir anot (cuc k&m cho electron) sang catot (cuc dong
nhan electron).

Vay diéu kién can thiét dé cho mot nguyén td ganvani hoat dong 1a hi¢u dién thé
giita hai dién cuc. Hiéu dién thé nay duoc goi 1a suat dién dong (SDD).

Mot nguyén té ganvani duge ki higu:

(-) ZndZn** I Cu?"6Cu(+)
Trong d6 vach don biéu thi ranh gidi phan cach gitta dién cuc voi dung dich, vach

kép ¥ ranh gidi giita cac dung dich, (-) va (+) 1a ddu cua cac dién cyc.U'

9.2.3. Thé dién cuec tiéu chuin

Thé dién cuc cua timg dién cuc riéng biét goi 1a thé dién cuc tuyét dbi. Thé dién
cuc nay rat kho xac dinh nén trén thyuc té nguoi ta thuong dung thé dién cuc twong ddi.

Thé dién cuc tuong ddi duoc tinh béng céch so sanh thé dién cuc tuyét ddi ciia mét
dién cuc can xac dinh v6i mot dién cuc chuén co thé dién cuc qui udc b'fmg khong. Thé
dién cuc chuan dugce sir dung dé so sanh 1a thé dién cuc hydro, c6 cAu tao trén hinh 9.3
(phén bén trai). B6 1a mot cai binh ¢6 hinh dang dac thu chtra dung dich H,SO,4 véi néng
do [H;0'] = 1 g-ion / lit. M6t thanh platin pht mudi platin duoc nhing vao dung dich va
thoi hydro di qua binh. Trén ranh giéi phan cach Pt, H,H;0" xuét hién mot hiéu dién thé

xac dinh duoc qui wdc bang khong (& didu kién 25°C, va latm).

Hinh 9.3 : Dién cuc Hydro
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........................

Dong electron

H,S0, Cuso,

Hinh 9.4:So do ldp ghép dé xdc dinh thé dién cwc chudn cia dong

Dé xac dinh thé dién cuc twong ddi cia mot dién cuc thi ta 1ap rap theo so d6 (hinh
93vag4)

Thé dién cuc twong d6i do duoc trong trudng hop nay goi 1a thé dién cuc tiéu
chuan cua kim loai, ki hi¢u °.

Thé dién cuc tiéu chuén kim loai 1a SP cua pin tao bdi dién cuc hydro chuan ghi
bén trai va dién cuc kim loai nhiing vao dung dich mudi cta n6 ¢ hoat d6 ion kim loai
bang 1 ghi ¢ bén phai.

€ = Cpnii = &40y ©-1)

Suat dién dong cia pin duge coi 1a dwong néu dong dién trong pin di tir trai qua
phai (dong electron nguoc lai di tir phai sang trai), nguoc lai s€ 1a am.

Vi du: Trén so db hinh 9.3 cua pin

(-)Pt, H, s H;O" || Cu*" % Cu (+)

V61 phan g tao dong la:

Cu®"+H, +2H,0 = Cu+2H;0"

Thuc nghiém do dugc SPD Ia 0,337V ¢6 dong dién di tur trai qua phai nén:

€’ =+0,337V

c?t/cu
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Nguoc lai trén so dd hinh 9.4 cua pin
(+) PT, H,aH;0" || Zn*" Y2 Zn (-)
V61 phan ng tao dong:
Zn+2H;0" = Zn*" + H, - + H,0
c6 dong dién di tir phai qua trai, suy ra:

e, ~=-0,763V

Theo cong udc qudc té Stockholm 1968, phan tng dién cuc 1a phan Gng khu:
M" +ne=M
hay dang oxi hoa + nc = dang kht
Thé dién cuc can bang theo cong wdc nay 1a thé khir. Trong bang 9.1 dudi day cho

biét phan tng di¢n cuc, ki hi€u dién cuc va gid tri thé dién cuc ti€éu chuan cua mdt so chat.
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Bang 9.1.Thé chuin ciia mt so6 phan vng dién cuc trong méi truedong nwée & 25°C

Ki hiéu dién cuc Phan rng dién cuc (von)
Li" %Li Li" + e D Li -3,045
K" K K" + e D K -2,925
Rb" Rb Rb" + e D Rb -2,925
Cs" Cs Cs" +e D Cs 2,923
Ca®* Ca Ca™® +2 D Ca -2,870
Na" Na Na- + e D Na 2,714
Mg™" Mg Mg™ +2 D Mg -2,370
Be’" Be Be® +2 D Be -1,850
A" Al AP +3¢ D Al -1,660
Mn** Mn Mn** + 2 D Mn -1,180
Zn*" Zn Zn* +2 D Zn -0,763
Cr’ Cr Cr® + 3¢ D Cr -0,740
Fe** Fe Fe® + 2¢ D Fe -0,440
Cri,cr” Pt Cr" + e D Ccrtt -0,410
PbSO, Pb PbSO, + 2¢ D Pb + S04~ -0,356
Co*™ Co Co™ + 2 D Co -0,277
Ni** Ni Ni*" + 2¢ D Ni -0,250
Sn*" Sn Sn”" 4+ 2 D Sn -0,136
Pb*" 4P Pb** + 2¢ D Pb -0,126
H;O0" H, Pt 2H;0'+ 2¢ D H, + 2H,0 0(theo qui uéc)
Cu*,Cu" Pt Cu"' + e D Cu’ +0,153
Cu*" Cu Cu”" + 2 D Cu +0,337
OH™ O,, Pt 120, + H,0+2e = 20H +0,401
Cu’ Cu Cuy’ + e D Cu’ +0,52
I L,Pt I, + 2 D 2T +0,536
Fe’" Fe** Pt Fe©© + e D Fe* +0,771
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Hg™ Hg Hg” +2 D 2Hg +0,798
Ag" Ag Agt + e D Ag +0,799
Hg*" Hg Hg” + 2 D Hg* +0,854
Hg*"Hg,”" Pt 2Hg” + 2¢ D Hg,™ +0,91
Br Br,,Pt Br, +2 D 2Br’ +1,066
Mn*" H;0" MnO,,Pt | MnO,+ 4H" +2¢ D Mn* +2H,0 +1,236
Cr,0;” ,Cr" Pt Cr,0; + 14H" +6e D 2Cr’" +7H,0 +1,33
Cl'" Cl,,Pt Cl, + 2 D 2CT +1,359
Pb>" PbO,,Pb PbO, +4H +2¢ D Pb* +2H,0 +1,455
Au’" Au Au’" +3e D Au +1,50
MnO4, H;OMn** Pt |MnO, + 4H' +3e D  Mn®>" +2H,0 +1,51
Ce*",Ce™ Pt Ce"™ + e D Ce™” +1,61
Au" Au Au’ + e D Au +1,70
F F,Pt F, +2 D 2F +2,87

Qua bang gia tri cta thé dién cyc tiéu chuan trén (sip xép theo thir tu ¢° ting dan)
c6 thé rat ra mot s6 nhan xét sau:
1. Thé dién cuc ti€u chuin cua dién cuc nao cang nho (tri $6 dai sé) thi dang khur ctia
n6 hoat dong cang manh, con dang 6xi hoa ctia né hoat dong cang yéu va nguoc lai.

Vi du: g’, =-2,714V nén

Na® /Na

Dang khir Na - e = Na' hoat dong rat manh

Dang oxi hoa Na' + e = Na rat kh6

Trai lai cap MnO4 Y2 Mn** ¢6 thé dién cuc tiéu chuén rat 16n
g;noj\Mn“,Pt =+1,507V

nén dang 6xi hod MnO; hoat dong rit manh con dang khtwr Mn?* hoat dong yéu.

2. Cap 0xi hod khtr nao c6 thé dién cuc tiéu chuan 16n thi dang 6xi hod cia n6 c6 the

0xi hoa dugc dang khir cua cap c6 thé dién cyc ti€u chuan nho hon.
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Vide: e, =-0,763Vva=+0,799V

nén phan irng x4y ra la:
Zn + 2Ag = Zn*" + 2Ag
Qua nhan xét nay suy ra chi nhitg kim loai nao c6 thé dién cuc tiéu chuin nho

hon khong méi day dugc hydro ra khoi dung dich axit lodng.

9.2.3. Phwong trinh Nernst
Mot trong nhitng anh huong 16n dén gia tri thé dién cyuc 1a ndng do cua ion kim
loai lam dién cuc. Sy phu thugc dé dugc tinh bﬁng cong thirc Nernst

0 RT n+
SM“*/M = SM“*/M +EIH[M ] (9-2)

Néu thay cac gia tri R, F va T = 298K r6i tinh theo 16ganit thap phan, ta c6:

e 0,059
SMn+/M _SMn+/M + n

Ig[M™] (9-3)

Trong do: €y the di€n cuc ti€u chuén cua kim loai

n % S electron trao d6i trong phan tng dién cuc
[M™] ndng d6 mol cta ion kim loai
Trong trudong hop tong quat ddi voi mot dién cuc bat ky:
nA; S n'iA'i
Thi cong thirc Nernst c6 dang:

hi .
= io + 07059 lg [Al] — [O‘XZ]
no LA, [kA]

(9-4)
9.2.4. Chiéu ciia phan wng oxi hoa khir

Nhiét dong hoa hoc da xac dinh mbi lién hé quan trong gitra DG va SPD cua cac

cap oxi hoa khtr.

AGy = - nFE (9-5)
& nhiét do T = 298°K:
AGS,, = -nFE° (9-6)
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Nhu vdy phan tmg 6xi hoa khir chi c6 thé ty xay ra khi E > 0 - tirc 1a DG <0 (diéu

kién tir dién bién ctia qu4 trinh). Suét dién dong duoc tinh bing cong thic:
SPDb = ¢ - ¢, (9-7)
Trong d6: e - thé dién cuc cip oxi hoa khir dwong hon
ey~ thé dién cuc cap oxi hoa khtr &m hon

Gia tri thé dién cyuc cua cac cip oxi hoa khtr trong dung dich nudc dugce tinh theo
cong thtrc (9.3) va (9.4). Truong hop phéan tmg dién cuc xay ra trong moi trudng axit hodc
bazo thi trong phuong trinh Nernst s& c6 mit ctiia [H;0'] hodc [HO']

Vi du, d6i v6i phan tng:

MnO7, + 5e¢ + 8H;0" = Mn*' + 12H,0

Ta co:
R
nO; H,0° M2 /Pt n0; H,0" M2, 5 (M)
Vi dién cuc khi HO/O,, Pt
0, + H,O +2e =2HO"
Ta co: £ =&’ 0,059 1 Polz/z

HO™ /0,,Pt HO™ /O,,pt + 2 g[H07]2

9.2.5. Mt s6 vi du xét chiéu phan ng oxi hoa khir

Vi du 1: Xét chiéu ciia phan mg oxi ho khir trong pin Danien- lacobi:
(-) Zn%Zn*" || Cu*" % Cu(+)
Véi €, =-0,763V; € o, = 10337V

7n%* 70 cu?

Ta c6 cac phan ung dién cuc:

Cu*" +2e=Cu e, . =+0337V (1)
Zn*" +2e=7n 2, =-0,763 (2)

Phan tmg (2) chi ty xay ra theo chiéu nguoc lai vi ¢6 ¢° < 0 nén ta co thé viét:

Cu’ +2e=Cu e®=+0337V
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Zn-2e=27n"" e’=+0,763V
Chiéu phan tng:

Cu’ +Zn — Cu+Zn*' E=1,10V
Vi du 2: Xét chiéu ciia phan tng

2Cu*" +4I' = 2Cul + 1,
Biét: e, . =+0,17V; ¢°

cu?t/cut 217 /1 =+ 0’54V
va Tey = 1072

Theo bai ra néu chi xét theo thé khur ti€u chuan ¢°_ > ¢°, | thi phan ung xay ra

207 /1y ot ot
theo chiéu
I, + 2Cul — 2Cu*" + 41
Trén thuc té do co su tao thanh Cul it tan lam néng do Cu" giam dan dén thé cua
cap ¢ . thay doi

cu?* /cu

[Cu™]

+

€, .=¢g%, ,1+0,059g

cu/cut cut/cut

Cu

Thay [Cu'] = % ta ¢

2+ _
£ on = 0,17 40,0591 S ]

Cul
Néu (I) = 10™ mol/1 thi
e, .=0,819+0,059 Ig[Cu®]

Thé nay 16n hon thé cip 2171, do @6 phan tng xay ra theo chiéu nguoc lai: 2Cu*" +

41 - I, + 2Cul
9.2.6. Trang thai can bing cic phén wng oxi hoa khir

Khi c4n bang cua phan tng duoc thiét 1ap ta c6: DG°r = -nFE° =0
Mit khic: DG = -RTInK = -nFE°
Suy ra:
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FE° nE°
InK = ™= hay 1gK = 9-8
RT yie 0,059 ( )

Trong d6: E° - thé dién cuc tiéu chuan

n - s0 electron trao doi trong phan Ung.

9.3. QUA TRINH BIEN POI HOA NANG THANH DPIEN NANG

9.3.1. Dién phan

Trong cac phan trén ddy ching ta chi cha ¥ khdo sat trang thai cin bang giira dién
cuc va dung dich khi khong c6 sy luu thong dong dién trong hé dién hoa. Néu trong
truong hop cac phan tng trén dién cuc duoc gy ra bang mot ngudn dién bén ngoai (trong
hé dién hoa c6 sy Iuu thong dong dién) thi do 1a sy dién phan.

Vay su dién phan la qua trinh oxi hod va khur xay ra & dién cuc khi cho dong di¢n
mot chidu di qua chat dién li nong chay hodc dung dich chat dién li.

Cac phan tng xay ra trén dién cuc 1a thé ning luong dién ning; trong d6 catot -
chat khir vi n6 cho cation electron, anot - chit oxi hoa vi n6 nhén electron.

Vi du su dién phan mudi NaCl noéng chay trén hinh 9.5

Dohg electron
ANOT | o— o |_KATOT
Na*

Ve, €4 @ .

S — > @
S cr S

O cr
kK Na° A

Hinh 9.5: So' do dién phéan néng chday muoi Clorua Natri
Trén catot xay ra qua trinh khir cation Na" bang electron ctia ngudn dién:

Na' +e=Na
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Pong thoi trén anot xay ra phan (mg oxi hoa con CI” bang ning luong ciia ngudn
dién:
2CI'-2e=Cl, T
Dé hiéu duoc 16 hon cac quy luat xay ra trén catot va anot, cAn lam quen véi céc

khai ni€ém su phan cuc dién cuc, thé phan huy va qua thé.

9.3.2. Su phan cuc

Khi dong dién di qua ranh gidi phan chia dién cuc - dung dich thi lam cho trang
thai dién cua di¢n cuc thay ddi. Hién tuong do goi 1a sy phan cuc dién cuyc. néu sy thay
ddi thé dién cuc dich chuyén vé phia duong hon so voéi thé can béng thi goi 1a sy phan cuc
anot va nguoc lai - sy phan cuc catot.

Su phan cuc dién cuc dugc chia thanh cac loai nhu: phan cuc néng dd, phan cuc hoa hoc,
phan cuc dién hoa.

Su phan cuc néng dd sinh ra boi sy bién doi néng do con & 16p gén bé mat dién
cuc khi c6 mit ciia dong dién di qua. Trong truong hop nay thé cia dién cuc anot ting
(tré thanh duong hon) do néng do cua ion kim loai hoa tan tdng I€n, trai lai thé dién cuc
catot giam (trd thanh 4m hon) do ndng d6 ion trén bé mit ctia nd giam.

Sy phan cyc hoa hoc sinh ra do phan tng gitta moi truong hodc chat dién 1i véi vat
liéu 1am dién cuc khi c6 dong dién di qua 1am bién ddi tinh chat cua bé mit dién cuc dan
dén sy thay doi thé.

Su phan cyc dién hoa duoc sinh ra do dong electron (dén catot ndi voi cuc Am va
rOi anot ndi vai cuc duong cua nguén dién) khong di qua dugc dung dich dién 1i khi co
dién ap gilta 2 cuc chua dat dugc mdt gia tri can thiét lam xuét hién mot hiéu dién thé
nguoc chidu véi chiéu ciia ngudn dién ngoai.

9.3.3. Thé phén huy

Nhu d3 néi trén ddy, su dién phan chi bat dau xay ra & mot dién ap hoan toan xéac
dinh. Dién ap tdi thiéu gitra hai dién cuc dé sy dién phan bat dau xay ra goi 1a thé phan
huy (ki hiéu e,,). Thé phan huy dugc xac dinh bang thuc nghiém. Trén bang 9.2 14 thé

phan huy ctia mot sé chit dién phan.
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Bang 9.2. Thé phan huy mot so chit dién phan véi ndng dd cation 1g-ion/lit

Chit dién ] Chit dién
epn(V) Chat dién phan epn(V) epn(V)
phan phan

HNO; 1,69 NaNO; 2,15 AgNO; 0,70
H,SO, 1,67 Na,SO, 2,21 CuSO, 1,49
H;PO,4 1,70 HCl 1,31 ZnS0O, 2,35
NaOH 1,69 HBr 0,94 NiCl, 1,85
KOH 1,67 HI 0,52 NiSO4 2,09

9.3.4. Qua thé

Hai qué trinh dién hoa (mdt xay ra trong nguyén t6 ganvani va mot trong dién
phan) déu c6 chung mot ban chat. D6 1 phan Gmg oxi hoa dién cuc. Diém khéac nhau cia
hai qua trinh nay 14 ching xay ra theo huéng khac nhau. Do vdy dé cho su dién phan bét
dau xay ra, vé mit 1y thuyét chi can dat mot dién ap c6 gia tri bang SPD cua nguyén tb
ganvani tuong tng nhung nguoc chiéu.

Vi du: SBP ciia nguyén t6 ganvani:

() Ni| Ni'? || 2CT| Cl, (+)

Véi €3, =-0250V; & =+ 1,359V tinh theo cong thue (9-7) la:

E =1,359 - (-0,250) = 1,609 (V)

Vay vé ly thuyét chi can dat mot dién ap 1,609V nguoc chiéu 1a sy dién phan dung
dich NiCl, s€ xay ra. Trén thuc té, gia tri thuc nghiém can thiét & bang 9.2 1a ey, =
1,850V. Hiéu s giira thé phan huy va SPD cta pin goi 13 qua thé:

€= &n - E

Trong vi du trén:

gq = 1,850 - 1,609 = 0,241 (V).

9.3.5. Cac loai dién phan
9.3.5.1. Dién phdn nong chay
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bién phan nong chay thuong dugce st dung dé diéu ché cac kim loai hoat dong nhu
liti, natri, canxi... tir cac mudi clorua twong tng. Cac mudi ndy cé nhiét d6 néng chay thap
hon cac mubi khac. Pai da s6 cac mudi ndy & trang thai nong chay ton tai dudi dang ion
c6 kha ning di chuyén twong ty nhu ion cua cac dung dich. Vi du dudi day 1a so d6 dién
phéan nong chdy canxi clorua:
CaCl, = Ca’ + 2CI
(-) Katot: Ca" + 2e = Ca
(+t) Andt: 2CI' = CI, + 2e
9.3.5.2. Dién phdn dung dich
Trong dung dich nudc ngoai ion cac chat dién li con ¢ cic ion phan li ciia nudc
H;0" va HO". Do vay khi thiét 1ap mot dién ap gitra hai dién cuc thi ion H;0" cung voi
cation kim loai s& di vé catot con ion HO™ vé4i anion sé& di vé anot. Do vay trén cac dién
cuc sé xdy ra cac phan tng canh tranh giita cac ion ctia nude véi cac ion cta chat dién li.
* Trén dién cuc catot:
Néu thé phong dién cua cation dwong hon thé phong dién ciia H;O" thi s& xay ra su
khtr kim loati:
M" +ne=M (1)
Trudng hop nguogc lai thi H;O" s& bi khir
H;O0" +e=H+H,0
2H = H,-
nhung ndng d6 H;O" rat nho (107M) nén ngudi ta coi nhu H,O bi khir
2H,0 +2e=H, + 2HO (2)
Nhu vy trén dién cuc catot c6 thé xdy ra ba trudng hop
1. Nhitng ion kim loai c6 thé dién cyc tiéu chuan nho (tir Li" &én AI’") khong bi khir trén
catot ma chi H,O bi khr (phan tng 2)
2. Nhitng ion kim loai c6 thé dien cuc tiéu chuan nho hon hidro nhung 16n hon nhom (tr
AI*" dén H;0") bi khir cung véi H,O trén dién cuc (phan Gmglva 2)
3. Nhitng ion kim loai ¢6 thé dién cuc 16n hon hidro (tir Cu** dén Au’") bj khir hoan toan

trén dién cuc (phan tng 1)
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Vay khi dién phan dung dich nudc, chi nhitng kim loai nao ding sau nhom va
khong ké nhom mai thodt ra trén dién cuc.
Néu dung dich chira cac ion kim loai khac nhau thi phan tng khtr s& xay ra theo

huong giam dan thé dién cuc ti€u chuan tuong tng véi kim loai.

Vi du déi voi hon hop Ag’, Cu®', Fe’' thi Ag bi khtr truée (&5, =+0,779V)
tiép dén Cu’" (&l =+ 0,337V) va cudi cung 1a Fe*" (&2.. . = - 0,440V)

* Trén dién cwc anot:
Céc phan tng x4y ra trén anot ngoai su phu thudc vao su c6 méat cua H,O con phu
thudc vao vat liéu lam dién cuc: anot tan va khong tan.
1. Néu sir dung anot tan nhu Cu, Ag, Zn, Cd, Ni, Fe... thi phan tng trén dién cuc 1a phan
g hoa tan anot: M - ne = M"" chir khong phai anion dung dich bi oxi ho4.
2. Néu str dung anot khong tan (anot tro) nhu than, graphit, Pt thi trén dién cuc c6 thé
anion dung dich hodc ion HO" bi 6xi hoé:
- Néu anion dung dich 1a nhiing ion khong chtra oxi (Cl', Bv, I, Sz', CN'...) thi chung sé&
bi oxi hoa trén anot.
Vi du:
2CI' - 2e =2Cl
2Cl > CL, T
- Néu anion dung dich 1a nhiing ion ¢6 chua oxi (NO™, SO,*, PO,”...) thi chung s&
khong bi oxi hod trén anot ma chi c6 HO™ bi oxi hoa:
HO -2e=H"+0
20=0,-1
Nhung do néng d6 HO™ rat nho (107M) nén ngudi ta coi nhu phéan tir H,O bj oxi hod:
2H,0 - 4e =4H" + 0,
Néu dung dich chira cac anion khac nhau thi phan g oxi hod trén anot s& xay ra
theo thtr ty: dau tién 1a cic anion khong chira oxi, tiép dén HO™ va cudi cung 13 cac anion
chtra oxi.

Vi du: So d6 dién phan dung dich CuCl, véi dién cuc graphit nhu sau:
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Catot: Cu®"+2e=Cu
Anot: 2Cl -2e=Cl,
Cu*" +2Cl'=Cu+Cl,
Hay CuCl, > Cu+Cl,
So dd dién phan dung dich K,SO, véi dién cuc tro
Catot: 2H,0 + 2e = H, + 2HO"
Anot:  2H,0 - 4e =0, +4H"
6H,0 = 2H, + O, + 4HO™ + 4H"
Nhu vay ¢ vung gﬁn catot tao thanh kiém, & vung gﬁn anot tao thanh axit. Néu dién
phan khéng c6 mang ngin thi ion H' va HO™ tac dung véi nhau tao H,O nén phan tmg
cudi cung cua sy dién phan K,SO, 1a:

2H20 = 2H2 =+ 02
9.4. PIN VA ACQUY

Nhu di khao sat trén ddy ¢ phan nguyén té ganvani, dién nang c6 thé san xudt truc
tiép tir ning lugng clia cac phan img hoa hoc xdy ra trong cac nguyén to dién hoa. Trén co
s& cac hé oxi hoa khir khac nhau, vé& nguyén tic co thé thiét 1ap duoc rat nhiéu cic nguyén
t6 dién hod cho phép bién ddi hoa nang thanh dién ning. Tuy nhién trong thuc té chi c6

rat it mot s6 hé dién hoa sinh ra dong di¢n dugc ting dung.
9.4.1. Pin kho

Pin 12 mot loai ngudn dién so cip dugc ché tao trén co s& cac phan Gng khong
thuan nghich khién cho viéc tai tich dién khong thuc hién dugc va méi khi phan img trong
pin di két thic thi pin duge b di.

Vi du, loai pin Le Clanche hay con goi 1a pin "khd" dang duoc dung phd bién hién
nay c6 so @6 mach nhu sau:

() Zn| NH4CI(20%) | ZnCL,| MnO,, C (+)
Mot trong nhitng hinh dang cdu tao ctia pin dugc trinh bay trén hinh 9.6 P. Cac phan

ung co ban xdy ra khi cé sy phong dién trong pin nhu sau:
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- Tai cuc am:
27n — 27Zn°" + 4e
27n*" + 4NH,Cl — [Zn(NH;)4]CL, + ZnCl, + 4H"
- Tai cyc duong:
2MnO, + 4H" + 4e — 2MnO(OH),

Loai pin nay c6 SBD khoang tir 1 - 1,5V
) 1

/L >( ) 1. Cuc duwong (dong)
VY o
3 2. Phan cach dién
// — ~ . h)
3. Loi than chi
LIRS,
J5358 25358 . .
0::::: X ::::0 —4 4. Cuc am (nhém)
POCOce O 92020 %
POLece oo 02020 % 5 o~
SRLIILKSS 5. Bot nhdo(NH,CI)
58 253585
ERIILLIEIRRS
KEIRLRLRK 6 .
SR IRPELAR 6. Bot (MnO,
SRR
oS OH 950 92050 = 7. Lop vo ngoai
BB
SOSITRIBIIIEL
SIRIARILRL
SILRIBIIEIEL
RREHREHRELS
S0 000 | I 4

Hinh 9.6 : So' d6 cdu tao ciia Pin khé

9.4.2. Pin nhién li¢u

Pin nhién liéu hay con goi 1a may phat dién hoa 1a mot thiét bi truc tiép bién hoa
nang thanh dién ning bo qua giai doan tich tu ning lwong nhu ddi véi cac ngudn dién hoa
hoc khéc (pin kho, acquy)

V& nguyén tic, dé ché tao pin nguyén liéu, nguoi ta sir dung oxi khong khi hay oxi
tinh khiét 1am chat oxi ho4, con nhién li¢u thi dung hydro, metanol, axit focmic... Hinh
9.7 md ta so d6 pin nhién liéu loai hydro - oxi ding dién cuc niker nhiing trong dung dich
KOH:

(-) N1, H, | KOH(30-40%) | O,, N1 (+)
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+ Chat oxy hoa
—

B

San phdm
f——>

Hinh 9.7 : So' do Pin nhién liéu
Khi pin lam viéc:
- Tai cuc am xdy ra phan ung dién cuc: 2H, + 4HO = 4H,0 + 4e
- Tai cuc duong: O, + 2H,0 + 4e =4HO"

2H2 + OZ = 2H20

Loai pin nay cho dong di¢n mot chiéu c6 dién ap 0,7-0,9V

9.4.3. Acquy chi
Acquy 14 loai nguyén té ganvani ché tao trén co s& cic qué trinh dién cuc hau nhu
thuan nghich. Moi qua trinh xay ra trong sy phong dién co thé dao nguoc lai trong sy tich
dién.
Mot trong nhitng acquy ¢ dién nhét va ciing 1 phd bién nhat 1a acquy chi ¢6 so dd
sau:
(-) Pb| H,SO4(32 - 34%) | PbO,, Pb (+)

Qua trinh tich di¢n va phong dién xay ra theo phuong trinh

hon,;
Pb+PbO, + 2H,SO; =—— 2PbSO, + 2H,0

tich dién
Suat dién dong cua loai acquy nay c6 thé dat téi 2,1V. Pay 1a tri s6 SPP cao nhét

cua cac nguon dién hoa hoc dung dung dich nudc cac chat dién li. Tuy nhién acquy chi c6
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nhuge diém co ban 1a dung luong riéng nhé va thoi gian sir dung twong dbi ngan do qua
trinh tu phong dién khi acquy ¢ trang thai khong sir dung tao ra chi sunfat theo phan ting:
Trén cuc Pb:
Pb +S0O,” — PbSO, + 2¢
{2H30+ +2e — 2H,0 + H,
Trén cuc PbOy:
PbO, + 2H,S0, + 2¢ — PbSO, + 2H,0 + SO,
{ Pb +S0O,” — PbSO, + 2¢

9.4.4. Acquy kiém

Acquy kiém cling 1a mot loai acquy kha phé bién dugc su dung trén thyc té.
Vi du acquy kiém niken - sit c6 so do:
(-) Fe | KOH (20%) | NiOOH, Ni (+)
c6 SbD khoang 1,4V
Qua trinh tich di¢n va phdng dién xay ra theo phuong trinh:

tich
2Ni(OH), + Fe(OH), 2= 2NiOOH + Fe + 2H,0
phong
Ngoai ra nguoi ta ciing sir dung tuong ddi rong rii cac loai acquy kiém nhu: niken -

cadimi, niken - kém, bac — kém.
9.5. AN MON PIEN HOA VA CACH CHONG AN MON DPIEN HOA

An mon kim loai va hop kim 13 qué trinh ty pha huy cau trac kim loai va hop kim
duéi tac dung ctia méi truong xung quanh. Tuy theo co ché pha huy kim loai ma ngudi ta
phan bi¢t sy an mon hod hoc, an mon sinh hoc va an mon dién hoa.

Su an mon dién hod rat phd bién trong tu nhién khi kim loai hay hop kim tiép xtic
v6i dung dich dién phan (dn mon trong chat 16ng), tiép xtic voi khong khi (in mon trong

khi quyén) va tiép xuc v6i dat (An mon trong dat)

9.5.1. An mon kim loai nguyén chit trong axit
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Su hoa tan ctua kim loai vao trong axit dugc xem la mot kiéu dn mon dién hoa. Xét

su hoa tan cua kém vao axit
Zn+2H > zZn* +H, T

Trén day 1 phan tng tong quat cta qua trinh hoa tan. Qué trinh d6 dugc xay ra
nhu sau:

Khi nhiing k&m vao dung dich axit, dé thiét 1ap mot sur can bang giira kim loai kém
va dung dich, mot s6 ion Zn*" di vao dung dich Zn - 2e —» Zn*" va do d6 dién cuc, kém
tich dién am (du electron) - dung dich tich dién duong. Sy tao thanh mdt 16p dién cuc kép
ma trong do thé dién cuc cta kém Am hon thé dién cuc cua hydro s& dan dén su phoéng

dién ctia ion H;0" trén bé mit thanh kém theo phuong trinh:
H3()+ +e— %Hz =+ Hzo

Sy tiéu thu electron theo phwong trinh ndy khién cho mat do electron trén kém
giam di va do d6, dé thiét 1ap lai thé can bang (ting mat do electron) thi k&m tiép tuc hoa
tan- k€m bi an mon.

Nhu vay sy an mon dién hoa dugc gay boi su léy di cac electron kim loai. Qua
trinh nay khong chi xay ra dudi tic dung ciia ion H30" ma con c6 thé bdi mot tac nhan
oxi hoa bat ky, dic biét 13 oxi hoa tan trong méi trudng dn mon. Trong méi trudng trung
tinh hay kiém su ion hoa oxi xay ra theo phuong trinh

0O, +4e + 2H,0 — 4HO"

Con trong moi trudng axit:

O, + 4e + 4H;0" — 6H,0
9.5.2. An mon kim loai khong nguyén chit (kim loai nhiém)

Trong thyc té rat it gap nhiing kim loai hoan toan tinh khiét ma thuong & mot mure
d0 nao d6, kim loai c6 1an mdt hodc nhiéu cac kim loai tap chat. Cac kim loai nhiém tap
chat nay rat dé bi an mon. Xét sy &n mon sit co 1an dong xay ra trong moi trudng axit

HCI.
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Hinh 9.8 : Sor d6 hoat ddng cdp nguyén t6 gavani

Khi sit va dong tiép xtc voi nhau, ta ¢ cip pin:
(-) Fe | HCI|Cu (+)
Hinh 9.8 : Sit hoat dong manh hon chuyén electron cho cic nguyén tir ddng va di vao
dung dich dudi dang ion Fe®", con ion hydro bi khtr trén cuc déng:
2H;0" +2¢=2H,0+H, T
Ton HO™ trong dung dich tac dung véi Fe*
Fe*" + 2HO = Fe' (OH),
4Fe(OH), + 2H,0 + O, = 4Fe(OH);
Mot phan ctia hgp chat Fe(OH); tach H,O theo phan tng

P 0)
Fe(OH); =Fe __ +H,0
OH
O
. v ; ,
Hop chat Fe - hay Fe,O;. H,O la thanh phan chinh cta gi sat.
OH

Qua trinh tao gi sat ciing co thé gay ra boi phan tmg khir oxi.
O, + 4e +2H,0 =4HO

126
https://tieulun.hopto.org



9.5.3. Phwong phap chéng in mon kim loai.

Dé chdng an mon kim loai hodc hop kim ngdy nay nguoi ta st dung nhiéu phuong
phap khac nhau, cha yéu la:
- Tao ra trén bé mit kim loai can bao vé mot 16p phu 1a kim loai, phi kim loai, oxit...
(cach 1i kim loai véi moi trudong)
- X1r Iy va thay d6i thanh phan méi trudng, hodc thay dbi thanh phan kim loai (hop kim)

- Bao vé dién hoa (bao vé€ catot va anot)

9.5.3.1. Tao lop phu kim logi

Dé bao vé kim loai, ngudi ta dung phuong phap ma dién (hoic ma hoa hoc) dé phu
1én kim loai nén mét 16p phu kim loai khac. Trong su che phu anot, kim loai che phu can
phai c6 thé can bang e° 4m hon thé can bang cuia kim loai nén. Vi du dé bao vé sit ngudi
ta dung kém lam 16p che phu. Nguoc lai trong su che phu catot, kim loai chon che phai
can c6 thé can bf;“mg duong hon kim loai nén. Vi du dé bao vé sét co thé dung déng, kém

1am ho4 chat che phu.

9.5.3.2. Tao lop bao vé phi kim loai

Quan trong va don gian nhat ciia phuong phap nay 13 dung mét 16p bao vé bang
nhitng hop chét hitu co nhu dau, mé, vazolin, parapin... Thuong trong cic chat trén nguoi
ta con cho thém cac hop chét (rc ché an mon kim loai. Nguoi ta ciing str dung cac hop
chit v co nhu men, str... dé tao 16p phu bé mat kim loai. Kim loai cling c6 thé duoc bao
vé bdi cac phan g hoa hoc (dién hoa hoc) gitra kim loai vé1 moi truong tao thanh cac
oxit kim loai.

Vi du, 6 thé nhung céc vat liéu sat, thép can bao vé vao dung dich kiém dic dé tao
16p bao vé Fe;0, hodc FeO hoic tao 16p oxit ALO; dé bao vé nhém bing phan tmg oxi

hoa...

9.5.3.3. Thay doi méi truwong in mon
Trong mot sd diéu kién thich hop ¢ thé bao vé kim loai bang cach thay d6i moi

trrong dn mon: gidam ham lugng chat khir hoac dung cac chat e ché:
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- Pé giam ham luong chat khir ta c6 thé: hodc 1am cho mdi truong bét axit dé tranh an
mon bdi sy khir phan cuc hydro hodc loai oxi hoa tan vao moi truong xam thuc dé tranh
an mon bdi su khir phan cyc oxi.

- Viéc st dung chét trc ché thuong can ctr vao diéu kién xur 1y vat liéu va moi truong. Noi
chung céc chét e ché dugc dung hodc c6 tac dung 1am giam tdc d6 hoa tan anot kim loai
hodc 1am giam tbc do giai phong hydro trén catot. Vi du, dé bao vé gang, thép trong nudc
hodc trong cac dung dich mubi nguoi ta dung NaNO,; dé bao vé cac thiét bi lam lanh thi
dung K,Cr,07, K,CrO4. Ngoai cac hop chit vo co, mot sb hop chit tc ché thuong duoc

dung 1a cac amin hiru co.

9.5.3.4. Bao vé dién hoa

Viéc bao vé dién hoa kim loai c6 thé thuc hién bang hai phuong phap: phuong
phap bao v¢ catot va phuong phap bao vé anot
- Phuong phap bao v¢ catot dugc thuc hi¢n khi thé cua kim loai chuyén dich vé phia &m
hon gié tri thé catot 1am cho tdc do hoa tan cua kim loai giam déng thoi 1am tang toc do
giai phong hydro. Su phan cuc catot co thé thuc hién nhd mot nguén dién ngoai hodc mot
dién cuc "hi sinh"

|t

Hinh 9.9. So d6 bdo vé catot bang nguon dién ngodi

Trong phuong phap bao vé nho ngudn dién ngoai nguoi ta ndi vat liéu kim loai can
bao v¢€ vo1 cuc am cua nguén dién, mot dién cuc phu dugc ndi véi cuc duong cua ngué)n
dién (hinh 9.9 ). Néu bao vé sy an mon kim loai trong dét thi dat sé 1a dién cuc phu.
Trong phuong phap bao vé catot v6i viéc thay nguon dién bén ngoai bang mot dién cuc
"hi sinh" ¢6 thé can bang 4m hon thé can bang cta kim loai can bao vé thi nguoi ta lap dat

chung nhu hinh 9.10 .
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Aadihg ang

Zn2+

Zn2+

Kem

Hinh 9.10 : So do lap dat bao vé sdt bang dién cwe Ohi sinhO la kém

Day 1a phuong phép bao vé protector, theo d6 dién cuc "hi sinh" duoc ché tao bang
Mg, Al, Zn hodc nhitng kim loai thich hop. Vi du trong hinh 9.10, sat dugc bao vé béng

dién cuc "hi sinh" 1a kém. Trong qué trinh lam vi¢c, k€m s& phéa huy con sat dugc bao vé.

- Phuong phép bao v¢ anot dugc thyc hién béng cach chuyén kim loai can bao vé vao
trang thai thu dong, mot trang thai ma tai do thé ctia kim loai c6 thé dat téi mot gia tri xac
dinh tng véi gia tri cuc tiéu cua toc do hoa tan anot kim loai. Kim loai c6 thé chuyén sang
thy dong bang con duong hoa hoc khi sir dung mét s tac nhan oxi hoa nhu tac dung ciia
axit nitric 1én thép, nhung ciing c6 thé bang con dudng dién hoa khi phan cuc anot kim

loai vé phia duong hon béi mot dong phan cuc anot tir bén ngoai.
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