Chwong XI DUNG ] Nguyén Minh Kha
HUONG DIEN RA PHAN UNG HOA HQC

CHUONG VI: NHIET HOA HQC
I. CAC KHAI NIEM CO BAN:

1. Khai niém vé nhiét dong hoc, nhiét dong hoa hoc, nhiét héa hoc va nhiét phan tng:

Vit chat khong ngimg chuyén dong, moi qua trinh chuyén dong déu di kém theo su bién
d6i niang luong. Dé nghién ciru qué trinh chuyén dong cta vat chit can nghién ctru cac qui
luat bién doi giira cac dang ning luong véi nhau.

a. Nhiét dong hoc (Thermodynamics): 13 mon hoc nghién ciru sy chuyén héa tuong hd

giitka tat ca cdc dang nang lwong voi nhau, dac biét 1a nhitng qui luat c6 lién quan tdi cac bién

d6i nhiét nang thanh cac dang niang luong khéc.

Co s6 ly thuyét cua Nhiét dong hoc 13 3 nguyén Iy I, II va III. Trong d6 quan trong
nhat 1a nguyén 1y 1 va II.

b. Nhiét dong héa hoc (Chemical thermodynamics): 12 mdt nhanh cua nhiét dong hoc

nghién ctru cac qui ludt vé sy chuyén hoa tuong ho gitra_hda nang va cdc dang nang lwong

khdac trong cac qua trinh hoa hoc.

c. Nhiét héa hoc (Thermo chemistry): 1a mon hoc chuyén nghién ciru sy chuyén héa giira

héa ndng va nhiét nang, nghia 1a chuyén niang luong ctia phan tng hoa hoc thanh nhiét nang.

d. Nhiét phian tng (hay con goi hi€u wng nhiét cua phan ung): 1a lugng nhiét di kém theo

mot phan ng dudi dang thu vao hay phat ra. Nguoi ta phan biét:
e Hiéu tng nhiét trong qué trinh dang ap ( P = const): ky hiéu AH.
e Hiéu tmg nhiét trong qué trinh dang tich ( V= const): ky hi¢u AU.
Quy wéc vé ddu: * qua trinh phat nhiét c6 AH, AU < 0.
* qua trinh thu nhiét c6 AH, AU > 0.

(A = trang thai cudi — trang thai dau )

2. Khai niém vé hé, trang thai, qua trinh:

a. _HE (nhiét dong): 1a luong xac dinh cua mdt hay nhiéu cdu tr & diéu kién nhiét do, ap suat
va néng dd xac dinh. Phan con lai bao quanh hé dugc goi 1a mdi truong.

Cac loai hé:
o H¢ ho: hé co the trao doi chat va nang lugng voi moi trudng ngoai.

o H¢ kin: hé khong trao dbi chat ma chi trao doi nang lugng v4i mai truong.
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e H¢é co lap: 1a hé khong trao doi ca chat va nang lugng véi moi trudng ngoai.

o H¢ dong thé: tat ca cic cAu tir trong hé cing mot pha hay 13 khong c6 bé mit phan chia
gita cac cdu tir. Hé dong thé c6 cac tinh chit hoa, 1y giéng nhau & moi diém trong hé.

o Hé di thé: cac cau tir trong hé khac pha hay 1a c6 bé mit phan chia gitta cac ciu tir (
cac cht cing mot trang thai ran, 1ong, khi van c6 thé khac pha, thi du hon hop dau hoa

va nudc ).

b. Trang thai (nhiét dong) ciia hé va théng s trang thai, ham trang thai:

e Trang thai cia hé dugc xac dinh béng tap hop cac dai lugng dac trung cho cac tinh
chat hoa Iy cta hé nhu nhiét d6, ap sudt, thé tich, thanh phan, ning lwgng...Cac dai luong noi
trén 13 cac thong sé trang thai. Trang thai clia hé s& bién d6i khi co it nhat mot thong so trang
thai bién doi.

e Thong sb trang thai duoc chia lam hai loai:

*Théng so dung dg: ty 18 véi luong chat cua hé nhu: sé mol n, khéi lwong  m, thé

tich V, nang luong E, ... Cac thong s6 dung d6 co tinh cong (c6 nghia 1a cong dai lugng nay
clia cac chat thanh phan thi bang dai lugng nay cta hdn hop )

“Thong 56 cuwong dg. khong ty 1€ voi lugng chét ciia hé nhu: nhiét ¢ T, ty khdi d,

ndng do C, khdi lugng riéng p, thé tich mol ... Cac thong sé cuong do khéng ¢b tinh cong.

o Ham trang thdi 13 ham biéu dién mdi quan hé giita cac thong so trang thai. Ham trang
thai c6 gia tri chi phu thudc vao cac thong sb trang thai ciia hé chir khong phu thudce
vao cach bién dbi cua hé (nghia 1a khéng phu thudc vao dwong di cia qud trinh). Nhiét

do T, ap suét P, thé tich V, noi nang U, enthalpy H, entropy S, thé déng ap G ... la
nhting ham trang thai.

*Luu y: “Thong sé trang thai” khdc véi “thong s6 qud trinh”. Thong s6 qua trink la cdac

théng s6 phu thudc vao dwong di ciia qud trinh (nhw nhiét Q,cong A...)

e D¢ tién so sanh, doi chiéu, 1ap dir li€u,cac dai lugng nhiét dong dugc quy udc ¢ dicu
kién chuan cta nhiét hoa nhu sau:

o Chat phai tinh khiét va & trang thai tdp hop bén dudi p va T chuan.
o Chat rin phai ¢ trang thai da hinh bén & diéu kién p va T chuan.

o Chat khi phai 14 khi 1y tuong (& p chuan).

o Chat trong dung dich thi ndng d6 phai 1a 1 mol/l.

o Ap suit chuan 1a 1 atm (101,325kPa )
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o Nhiét do chudn co thé 1a bat ky, tuy nhién thudng 1y 1a 298,15°K (25°C)

o Trang thdi cdn bang: 13 trang thai co gid tri cla cac thong s trang thai & moi diém cia
hé phai nhu nhau va khong thay d6i theo thoi gian.

c. Qui trinh (nhiét dong): khi mot hé chuyén tir trang thai nay sang trang thai khic ngudi ta
no6i hé thye hién mot qua trinh

o Qud trinh dang dp: p = const
o Qud trinh dang tich: V = const
o Qud trinh dang nhiét: T = const

o Qua trinh doan nhiét: Q = const. H¢ khong trao ddi nhiét song co thé trao d6i
cong véi mai trudong xung quanh.
o Chu trinh:1a qua trinh bién do6i hé qua mot ) giai doan dua h¢ dén trang thai

cudi trung voi trang thai dau.

II. NGUYEN LY I VA HIEU UNG NHIET:

1. Nguvén ly I nhiét dong hoc va hiéu wrng nhiét:

a. Noguyén lv I nhiét dong hoc:

e Nguyén ly I nhiét dong hoc chinh 1d mot cach phat biéu khac cua dinh luat bao toan
ning luong: “ Khong c6 mét dang ning lwong ndo tw sinh ra hodc tw mat di, chiing chi
dwoc chuyén tiv hodic chuyén thanh mot dang ning lwong khdc véi lwong phdi dwoc bdo
toan”

e Phat biéu nguyén 1y I: Khi cung cdp cho hé mét lwong nhiét Q thi lwong nhiét nay

ding lam ting néi ning U ciia hé va gitip hé thwe hién mt cong A chong lai cdc luc bén
ngoai tac dong lén hé.

e Biéu thirc todn hoc: |Q =AU + A Voi:
A =] PdV|

e (Cong A la cong do hé thuc hién trong qué trinh
chuyén tir trang thai 1 sang trang thai 2 dé chdng lai
cac luc bén ngoai tdc dong lén h¢ nhu: ap suit, dién

truong, tr trudong, sic cang bé mat. ..

¢ Quy udc ve dau:
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Hé nhdgn cong: A <0 ;  Hésinhcong: A> 0
Qua trinh déng tich (AV=0) | Cong ddnng A =0 Qv=AU
Qua trinh dang ap Cong din ng A = P.AV Q,=AU+P.AV

b. Noi nang U:
e Noi ning U cua hé 13 ning luong sin co, tim an bén trong hé, bao gdm: ning luong
ctia chuyén dong tinh tién, chuyén dong quay, chuyén dong dao dong cua nguyén ti,
phan tir, hat nhan, e trong hé; ning luong twong tac hut day

‘ o ‘ ] cua cac phan tu, nguyén tu, hat nhan, e, nang lugng bén
: trong hat nhan. N6i tom lai, U 14 nang luong toan phan cta
hé trir d6ng ning va thé ning cua toan hé.

‘ e NOi nang U la ham trang thai, 1a thong s6 dung do, dugc do
bang don vi nang luong (J/mol; cal/mol). U phu thudc vao ban chat, luong chat, T, P, V,
thanh phan cua hé.

e Nguoi ta khong thé xac dinh dugc chinh xac tuyét ddi gia tri ndi nang cua h¢ tai mot
trang thai (vi khong thé dua hé vé nhiét d6 0 tuyét dbi), nhung dua vao ning luong phat ra
hay thu vao ctia hé ngudi ta c6 thé suy ra mot cach chinh xac do bién thién ndi ning AU cia
h¢ khi hé chuyén trang thai:

AU=Ux-U;=Qy
c. Enthalpy H:
e Dbi voi qua trinh dang éap ta co:
Qp = AU +PAV = (U2 —-Uy) +P(V2—-Vy)
= (Ux+PV2)— (Ui + PVy)
= H> - Hi=AH

Voi: |ﬁ =U+ PVI. H duoc goi 1a enthalpy va cling 1a mot ham trang thai cia hé. H
bao gom ndi nang U va khd nang sinh cong tiém an A cia hé. Vay H 1a ning luong du triv

toan phan cta hé. Pon vi do ciia H: kJ/mol hay kcal/mol.

2. Hiéu @ng nhiét cia cac qua trinh hoa hoc va phuwong trinh nhiét hoa:

a.Hiéu wng nhiét:

Vay: Hiéu Gmg nhiét ctia qué trinh déang tich 1a AU.

Hiéu ting nhiét ciia qua trinh déng ép 1a AH.  Véi: |AH = AU +PAV|

* Higu vng nhiét tiéu chudn ki hiéu AH%os ; hodc AH® néu khong chii y dén T.
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* Quan hé giiva AH va AU:

e Trong cac phdn ikng chi cé chit léng va chit rin tham gia hoic phan ng xay ra &
trang thdi dung dich thi AV c6 gia tri khong dang ké. Do d6 khi qua trinh nay duoc thue hién
& &p suat thap (ap suat khi quyén) thi PAV ~ 0 nén AH = AU.

e Trong cac phan ing c6 su tham gia cua pha khi, gia st khi 1y tuong, ta co:

PV =nRT
Suy ra: PAV =An.RT (Diéu kién dang nhiét, dang ap )
Nén: AH = AU +An.RT]|

KhiAn=0 =>AH=AU  Véi: { An = )1 khi (SAN PHAM) -Y_11 khi (CHAT PAU) }
R=1,987cal/mol’K = 8,314 J/mol’K

b. Nhiét tao thanh tiéu chuén:

o Nhiét tao thanh tiéu chuin ctia mot chat (AH s « hay AH%os ¢ )1a hiéu Gng nhiét cua
phan tng tao thanh 1 mol chat d6 tir cdc don chat bén vitng nhat & diéu kién tiéu chuin
(25°C.latm).

TD  : C(graphit) + Oz(k) — CO2(k) ; AH%9s = -393,51 KkI. =>

AH%98 ¢ cox0 = -393,51 kJ.mol!

e Quy wdc: Nhiét tao thanh tiéu chuin cia cic don chit bén (vi du: Cl khi, Brz long, I,

ran, C graphit, S ta phuwong,P do...) bang 0.
e Nhiét tao thanh ctia cac chét co gid tri cang 4m thi cang bén.

¢. Nhiét d6t chay tiéu chuén:

o Nhiét dot chdy tiéu chudn ciia mot chat (AH%os ac hay AH%og b ) 14 hiéu tmg nhiét cta
phan tng d6t chay 1 mol chat d6 bang oxy vira du dé tao thanh cac chat bén ving nhét & diéu
kién tiéu chuan (25°C, 1 atm).

e Déi vdi cdc chat hitu co, nhiét ddt chay 1a hiéu tng nhiét cia phan tng dbt chay 1 mol
chat hitu co bang oxy vira du tao thanh khi CO,, nudc 10ng va mot s6 san pham khac ( Na, Xo,
HX...)

TD: CoHe (k) + 3,5 O2(k) — 2 COz (k) +3H20 (1), AH%9s = -1558,39 kIJ.
= AH%98 dc Catis (k) = -1558,39 kJ.mol'!

66

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Chwong XI DUNG ] Nguyén Minh Kha
HUONG DIEN RA PHAN UNG HOA HQC

e Nhu vay c6 mot sd phan tng vira 1a d6t chdy chét nay cling vira 1a sinh ra chat kia,

nén:
TD:  AH%98 ¢c c(eraphit = AH%08 t coxpe) 3 AH%208 de Hak) = AH 208 t H20(1)
* Nhiét tao thanh tiéu chudn va nhiét dot chdy tiéu chudn la cdc dai lwong tra bang.

d. Phuwong trinh nhiét hoa va chiéu dién ra ciia cic qua trinh hoa hoc:

o Phuong trinh nhiét hoa 1a phuong trinh phan ung héa hoc thong thuong c6 ghi kem
hi€u ing nhiét va trang thai tap hop, dang thu hinh cta cac chat.

o C6 thé xir Iy cdc phwong trinh nhiét héa nhw nhitng phwong trinh dai so (céng, trir,

nhén v6i mét hé so, doi chiéu...thi AH ciing chiu ciing cdch xir Iy)
TD: Cho: (1)  C(graphit) + O2(k) =CO2(k), AH%os 1)
(2)  C(graphit) +1/2 Oa(k) »CO(k), AH%os2)
Tinh: (3) 2CO(k) + Oa(k) »2COax(k),  AH%95 o= ?
Nhan xét: [(1) — (2)]2 = (3) => AH%os (x) = 2[AH 98 1y - AH%95 (2)]

* Dw dodn chiéu hwéng dién ra ciia phin g héa hoc: ¢ diéu ki¢n nhi¢t dp thép, phéin
urng phat nhiét (AH < 0) la phdn irng co kha nang xdy ra tw phat.

TD:
Zn(r) + 2HCI(dd) — ZnClx(dd) + Ha(k), AH%os=-152.6kJ
72 Ha(k) + %2 Cla(k) — HCI(k) , AH%95=-92,8k]J
C(graphit) + HoO(k) — CO(k) + Ha(k), AH%9s=+131,3 kJ
Chii y: Hiéu tmg nhiét ctia phan tng ty 18 v6i lugng chat ciia phan tng
TD: Ha(k) + Cla(k) — 2 HCI(k) AH95= - 185,6k]J

3. Cac dinh luat nhiét hoa va hé qua

a. Dinh luat Lavoisier — La Place:

Hiéu g nhiét ciia phdn iing nghich bang hiéu g nhiét ciia phan g thudn nhung
trdi dau.
Vidu: % Hao(k) + % Ia(k) — HI (k) AH%95=+26,48 kJ
HI(k) — % Ha(k) + % Ia2(k) AH%95=-26,48 kJ
b. Dinh luat Hess(1840) va chu trinh Born -Haber:
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Hiéu ung nhiét cua phan ung hoa hoc chi phu thuoc vao ban chdt va trang thdi cua

cdc chat dau va cudi chir khéng phu thuée vao dwong di ciia qud trinh, nghia la khéng phu

thugc vao so lwong va dac diém cua cac giai doan trung gian.

Noi cach khac: néu co nhiéu cach bién doi hé tw trang thai dau sang trang cuodi thi tong

hieu vng nhiét cua moi cach phai bang nhau.

c. Céac hé qua:
o Hé qud 1: Hiéu irng nhiét cia phdn irng bang tong nhiét tao thanh cia cdc san pham
triv di tong nhiét tao thanh ciia cdc chat dau.

\AH°298 pu = > AH%os ¢t sinpraM) = Y, AH 208 t (cHAT DAU)‘

o Heé qua 2: Hiéu itng nhiét ciia phan irng bang tong nhiét dot chdy ciia cdc chat dau triv
di tong nhiét dot chay ciia cdc san pham phan iing.

\AH°298 pu = > AH%98 ac (cHAT PAU) - Y, AH 208 dc (sAN PHAM)‘

o Heé qua 3: Hidu iing nhiét ciia phdn vmg bang tong ning lwong lién két trong cdc chat
ddu triv tong nang lhwong lién két trong cdc san pham.

\AH0298 pU = Y Eik (cHAT PAU) - ) Eik (SAN PHAM)|

TD: 2CHa(k) — CoHa(k) + 3Ha(k) ; AH%08x = ?
* AH%98 x = AH%08 tt conz) - 2AH 208 t chagi)
* AH%98 x = 2AH 298 dc chak) - AH208 de comago) - 3AH 298 de H2(e)
* AH%98 x = 2AH 98 ¢c crak) - AH208 de comag0) - 3AH 298 1 12001
* AH%98 x = 8Ec—n — Ec=c — 2Ec—11 — 3En—n

* Ap dung dinh ludt Hess va hé qud:

TDi: Cho: (1)  C(graphit) + Ox(k) — CO2(k) , AH%9g(1y= -393,5 kJ
Q) COK) + %0x(k) — COx(k) , AH %050~ -283,0 kJ
Tinh AH%5 « co ?
Giai: Lay (1) — (2) taduge:  C(graphit) + % Oa(k) — CO(k)
=  AH%sucoxwy — =-393,5 -(- 283,0) = -110,5 kJ/mol

TD,: Phan img phan huy da voi CaCoOs :
CaCO3(r) — CaO(r) + COa(k)
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AH%s ¢ (kJ/mol)  -1206.9 -635.5 -393.5

=> AH%gs= (-635.5 - 393.5) - (-1206.9) =+ 177.9 kJ.
TDs: Tinh ning luong lién két O—H trong phan tir H>0, biét:
2H(k) + O(k) — HxO(k), AH®=-924.2 k] => Ephan1ty 0= 924.2 kJ/mol

Theo céu trac phan tir thi trong HoO c6 2 lién két O—H, nén ning luong lién két s& la:
Eo—n= "2 Ephan1y 0= ¥2(924.2) = 462.1 kJ.

4. Sw phu thuoc cia hiéu wng nhiét vao nhiét do - Nhiét dung:

a) Nhiét dung:
o Nhiét dung ciia mot chat 1a nhiét lvong can cung cip dé nang nhiét do cua chit d6 1én
thém 1°C.
o Nhiét dung riéng — nhiét dung mol 13 nhiét dung twong tmg v6i 1 gam hay 1 mol chat.
Néu xét hé ¢ diéu kién ding ap hodc ding tich, ta c6 nhiét dung mol dang 4p (C,) hodc nhiét
dung mol dang tich (Cy). Pon vi do: J/mol.K hoic cal/mol.K

de dQV
= C =
Co=ar "oodr

O,=4AH | Qr=A4U
o _dAH | _dAU

P dT Yoodr

e Dbi voi cac khi 1y tudng: Cp — Cy =R.

b) Su_phu thudc ciia hiéu rng nhiét vao nhiét do: dugc thé hién bang phuong trinh

TZ
Kirchhoff: AH, = AH, + [ AC,dT

T

Néu khoang nhiét d6 thay d6i khong 16n 1am c6 thé coi Cp khong phu thudc vao nhiét
do, Iuc dé phuong trinh c6 dang:

IAH, = AH, + ACp (T2-T))

Véi: ACp = Y Cp(san pham) - Y'Cp(chat dau)

TD: Tinh AHos ctia phan tng: CO(k) + %40a(k) — COx(k) biét AH %05 = -283,0 kJ va nhiét
dung mol déng ap cua cac chat CO, O, va CO» lan luot 1a Cp=6,97; 7,05; va 8,96 cal/mol°K.
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Gidai:  ACp=38,96-6,97 - 1..7,05 =-1,535 ca/K =- 6,42 J/K

= AH%395= AH%9s +ACp (398 — 298)
=-283,0 - 0,642 =- 283,642 kJ

Nhdn xét: Khi nhiét d6 tang, AH ctia phan ung ting khong dang ké. Do d6, néu khoang nhiét
d6 thay doi khong 16n 1dm, mét cdch gan ding, cé thé xem AH cia phdn ing khong phu
thudc vao nhiét @: AH’t = AH 3.

CHUONG VII: THE PANG AP PANG NHIET
VA CHIEU DIEN RA CUA CAC QUA TRINH HOA HOC

I. Qua trinh thuin nghich va bét thuin nghich:

1. Qua trinh thun nghich: 13 qué trinh c¢6 thé dién ra dong thoi theo hai chiéu ngugc
nhau trong cung mdt diéu kién, va khi dién ra theo chi€u nghich thi hé cling nhu méi
truong s€ tré vé ding trang thai ban dau ma khong c6 mdt bién déi nho nao.

TD : » Qua trinh dao dong cua con lic khong c6 ma sat.
« Céc qua trinh chuyén pha clia cac chét 1 cic qué trinh thuan nghich dang nhiét
dang ap: ( néng chay, dong diac); ( bay hoi, ngung tu); (hoa tan , két tinh)...
2. Qua trinh bét thuin nghich: 1a qua trinh khong hdi du cac diéu kién trén, co nghia
1a co6 thé dién ra theo chiéu nghich nhung hé va méi trudong da bi bién doi, thi du hé da
dugc cung cap cong hoac nhi¢t tir moi truong.

TD : » Qua trinh dao ddng cua con lic co ma sat.
* Qua trinh pha loang axit H,SO, dac .

Trong tu nhién hau hét cic qué trinh ty xay ra déu 14 qua trinh bét thuan nghich, thi du
nhu nudce chay, gid, khuéch tan khi, truyén nhiét..

I1. Nguyén ly I1 nhiét dong hoc va entropi S:

1. Nguyén ly II nhié€t dong hoc: “Nhiét chi co thé truyén fir vt thé cé nhiét do cao
hon sang vt thé co nhiét do thap hon . Qua trinh truyén nhiét 1a qua trinh bat thuan
nghich.

s Oud trinh truyén nhiét (chuyén nhiét nang thanh cdc dang nang leong khdic)
khong bao gio dat hieu suat chuyvén hoa 100% ma luon co mot phan nhiét khong
the chuyen hoa dvwoc, phan nhiét nay chi dwoc dung de truvén cho vdt thé co nhiét
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do thap hon va lam cho vit thé nay bién déi entropy mét luong la AS. véi:

AS > % Diu “=" ung v&i qua trinh thudn nghich: AS = J' d7Q

Déu “> " tng v6i qua trinh bat thuan nghich: AS > j d7Q

« Néu hé 1 ¢6 1ap: Q =0 => AS >0 . Nghia la d6i voi hé c6 lap, qua trinh thuan

nghich khong 1am bién doi entropy (AS = 0), con qud trinh bdt thudn nghich tw xdy ra
lam tang entropy (A4S > 0).

2. Y nghia vit Iy ciia entropi S:

Xét hé thong hai binh cau dugc ndi v6i nhau bang
mot khoa K. Mot binh chtra khi tro He 1a hé khao sat ,
binh kia la chan khong.

e Trang thai dau: khéa K dong, khi He chi ¢ trong mot
binh.

e Trang thai cudi: khoa K mo, khi He khuéch tén ca hai
binh.

- \/ e Nhan xét: hé nhu thé 1 c6 1ap, qua trinh khuéch tan

khi 13 bat thuan nghich ding nhiét nén theo nguyén ly
IT ¢c6 AS > 0 ( tang entropy).
Xét mire d6 hon loan cia cdc tiéu phan trong hé: trang thai cudi hon loan hon
trang thai dau. Qua trinh bat thuan nghich lam tang dé hon loan dong nghia vai
tang entropy cua hé.

Vay y nghia 1: entropy S la thuic do mivc dé hon loan vé trit tw ciia vit chit.

Mit khac, xét xdc sudt trang thdi nhiét dong cia hé (chinh la téng sé cdch phan
bé cdc hat vi mé tai mét trang thdi ciia hé hay la tong s6 trang thdi vi mé c6
trong mot trang thdi vi mé) - trang thai cudi c xac suat trang thai 16n hon trang
thai dau. Qua trinh bat thuan nghich 1am ting xac suit trang thai dong nghia voi
tang entropy cua hé.

Vay y nghia 2: entropy S la thuwdc do xdc sudt trang thdi ciia hé.

Tom lai: Qud trinh bt thudn nghich tw xdy ra luén kém theo sw ting entropy,
tang xdc sudt trang thadi, tang do hon logn.

Nhan xét vé bién do6i entropy cia mot s6 qua trinh:

*Cdc qud trinh lam tang do hén loan ciia hé c6 4S8 >0 : nong chay, bay hoi, hoa
tan chat ran, pha loang dung dich, phan tng tang s6 mol khi...

71

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Chwong XI DUNG ] Nguyén Minh Kha
HUONG DIEN RA PHAN UNG HOA HQC

*_Cde qud-trinh lam gidm do hon logn ciia he'c6 AS'ST) : dong dic, ngung tu,

két tinh, c6 can dung dich, phan Gng giam s6 mol khi...

3. Tinh chét ciia entropi S:

e Entropi S 1a dai luong co tinh dung d¢, 13 ham trang thai giéng nhu U, H
e Don vi: J/mol.K hay cal/mol.K.

e Entropi tiéu chuan ( S%uos) duoc do & cac diéu kién chudn gidng nhu (Hog).

4. Tinh to4n vé entropy S:

a) Tinh entropy S tai mot trang thai :

e Tinh cho 1 tiéu phan (1 hat vi mo):

Biéu thitc Boltzmann: S=klnW = Nian

0

Trong d6:  *k: hang s6 Boltzmann
*R: hang s6 khi (= 8.314 J/mol.K = 1,987 cal/mol.K)
*Nj : s6 Avogadro (= 6,023x10%)
*W: x4c suit trang thai ctia h¢.
e Tinh cho 1 mol: Nhén biéu thttc trén cho Ny :
e Tinh cho n mol: ‘S =n.R lnM
Nguyén ly Il NDH(Dinh ludt Nernst):

Tir nguyén 1y 111 ta c6 thé xac dinh duoc entropi tuyét ddi ciia cac chat & bat ky
nhiét do nao.

b) Tinh d6 bién d6i entropi AS trong cic qua trinh :

e Céc qua trinh thuan nghich: Tinh truc tiép tir NL Il NDH: [AS = % (chuy
dau)

e Cac qua trinh bét thuan nghich:

Ap dung:

AStePU) = D ST(SAN PHAM) - ) ST(CHAT PAU)
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*Chii y: nhdn hé sé ty lwong
TD: Tinh AS),, va AS;, cua phan ing
C(gr)+ COxk) — 2CO(k)
Biét: s%, (J/molLK) 574  213.68 197.54
s%,(J/molK) 3344  291.76 248.71
Gidi:
ASSe = 2% 85 (CO) —[Syus (C) + S (CO,)]

=2x197.54—-[5.74 +213.68]
=175.66J / K

AS) 500 = 2% A8, 560 (CO) = [AS, 569 (C) + AS 500 (CO, )]

=2x248.71-[33.44+291.76]

=172.22J /K
Nhdn xét: Khi nhiét do ting, AS cta phan tng ting khong dang ké . Do d6, néu khoang
nhiét d§ thay doi khong qué 16n, mot cach gan dung, co thé sir dung truc ti€p entropi
tiéu chuan cua cac chat : AS% = AS%os
TD: Tinh AS cta qua trinh ndng chay va dong dic 1 mol nude ¢ 0°C, biét nhiét nong
chay ctia nudc dala AH? =6007j/mol

_AH)  6007(J/mol)

ASVIC
T 273(K)

=22(J / molK)

AS,, = AH), _ —6007(J / mol) — _22(J / molK)
‘  § 273(K)

o Cdc qud trinh dan né dang nhiét thudn nghich cia khi Iy tuwong:
AS=5,-S, = Rln2z

1

AS =RIn’2 = Rin Pr
4 D,

TD: tinh AS cua qua trinh dan no dang nhiét thuan nghich 5 mol khi Ar ¢ 25°C tir ap
suat 10 atm dén 1 atm.

Giai: qué trinh nay dugc xem nhu ddi vé6i khi Iy tudng. ta co :

AS :ann%:ann&:5><8,314><1nlO:95,72j/do
1 D,

¢) Su bién ddi entropi theo nhiét dd
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v’ Cdc qud trinh dang dp
80, =dH = C,dT

T, T, T,
ASzid?Q:Jde%lepdlnT

Néu khoang nhiét d§ khong 1on 1dm, c6 thé coi Cp khong phu thudc vao nhiét do
AS=C, ln£

1

TD: ChosY, ctua nudc la 69.89J/mol.K, nhiét dung phan tir dang 4p cua nudc la
75.24J/mol.K. Xac dinh entropi tuyét ddi ciia nude & 0°C

298
Gii: AS3s 205 =Sy =Sy =C, In N3 = =6.59(J / mol K)
Sy = Spes —ASys 295 =69.89—6.59 = 63.3J / mol K

, Lo 2 , , . T.
v’ Cdc qud trinh dang tich: ~ Chling minh tuong tu:  [AS=C, IHFZ

1

III. THE PANG AP PANG NHIET VA CHIEU DIEN RA CUA PHAN UNG
HOA HOC:

1. Anh hwéng ciia cic véu td entanpi va entropi Ién chiéu huéng dién ra ciia cac
qua trinh hoa hoc

e Tu nguyén Iy I va II thdy rang, entanpi va entropi la hai yeu to tac dong lén
chiéu hudng dién ra qué trinh héa hoc. Co thé nhan xét rang hai yéu té nay tac dong
ddng thoi 18n hé, nhung theo hai khuynh huéng trai nguoc nhau.

e V& phuong dién hoa hoc, AH < 0 (phan (g phat nhiét)khi cdc nguyén tir két
hop voi nhau dé tao thanh cac phan tir v6i cac lién két bén vimg (yeu to enthanpy
thuan lo1). Nhung trong truong hop do AS <0 vi do hdn loan giam di (yéu té entropi 1a
bét 1o1). Va nguoc lai. Noi cach khac, trong moi qua trinh ludn ludn c6 su canh tranh
gitra hai yéu td entanpi (giam ning luong) va entropi (tang do hon loan). Nhu vay
chiéu huéng dién ra cua qua trinh héa hoc s& duge quyét dinh bsi yéu té ndo chiém vu
thé hon.

e Su canh tranh cta hai yéu t entanpi va entropi trong cac qua trinh hoa hoc xay
ra & nhiét d§ va ap suat khong doi duogc thé hién qua dai lugng thé dang &p — dang
nhiét G (con goi tat 1a thé dang &p, entanpi tu do, nang luong tu do Gibbs).

2. Thé ding ap — ding nhiét G
e Theo nguyén 1y I: Q=AU+A
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e Theo nguyén Iy II, cho qué trinh dang nhiét: AS 2%

e Két hop hai nguyén 1y, trong trudng hop tong quat, néu xem céng A gdm cong
dan né PAV va cong co ich A', ta co:

TAS > AU + PAV + A
—A > AU+ PAV —TAS

> (U, +PV,-T8,)-(U, + PV, -TS,)
2 (Hz _TSZ)_(HI _TS1)

Pit:
e Ta c6 phuong trinh co ban cua nhiét dong hoa hoc: AG = AH - TAS
~A4>G,-G,=AG
hay A <-AG

Vay

Cong c6 ich s€ 1a cuc dai khi qua trinh 1a thuén nghich
A'nax = —AG

e Y nghia: Trong qué trinh nhiét dong khong phai toan bd luong nhiét cung cap
cho hé (AH) dugc chuyén thanh cong coé ich (AG), ma con mot luong khong thé
chuyén thanh cong duoc (TAS).

* A’ — cong co ich bao gdm tat ca cac dang coéng hé thuc hién dugce (nhu cong cua
dong dién trong pin di¢n hoa, cong chong lai tir truong, cong ciia cac phan ing quang
hoa...) trr cong co hoc (cong dan né).

o Thé dang dp tiéu chudn: AGY, (do & diéu kién tiéu chuén)
e Donvido: kJ/mol hay kcal/mol

3. Bién doi the dang ap va di€u kién dié€n ra ciia cac qua trinh héa hoc

a. Dicu Kkién di€n ra cua cac qua trinh héa hoc
A’max =-AG
Toém lai: diéu kién dé xét chiéu dién ra cua qua trinh thugn nghich :
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e AG=0: qua trinh dat trang thai can bang

b. Du do4n chiéu huéng dién ra ciia cic qua trinh héa hoc

e O nhiét d6 va ap suat khong d6i mot phan Gng sé& tu xay ra khi:

|AG = AH —TAS < 0]
e Diu ciia AG do dau ciia AH va AS quyét dinh

STT Dau Két lugn
AH | AS | AG (C6 thé)
1 - 0 - Ty xdyraomoi T
) i - + | Khong ty xdy ra 6 moi T
3 - - +/- | Tu xay ra ¢ T thip
4 - - +/- | Tuxayra o T cao

¢. Xac dinh d thay doi thé ding dap AG ciia ciac qua trinh héa hoc

- Theo dinh luat Hess: AG; = AG;,, = D AG; )
- Theo phuong trinh: AG = AH - TAS
- Theo hang so can bang: AG=-RTInK, (chuong 8)

- Theo stic dién dong cua nguyén té Ganvanic: (chuong 16)

*Thwe té: c6 thé dwa vao NGl dé dir dodn chiéu ciia qud trinh:
o AGY, <—40kj thi phdn vmg c6 thé xdy ra
o AGY, >+40kj thi phdn vmg khéng thé xdy ra

o -40kj< AG., < 40kj phdn vmg c6 thé xdy ra thudn nghich

TD: Tinh AGy, va AG,,, cla phan ung:
C(gr) + H,O (k) = CO(k) + Ha(k)

Biét: AHY,, (kJ/mol) 0 241,82 -110,52 0
SO (J/mol.K) 5,74 118,72 197,56 130,57
Giarn:

AHg98 = [AH298(C0)] - AHg%(HzO) =13 L3k]
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AS3s =[S55(CO) + 8305 (H,)1-[S35 (C) + S35 (H,0)] =133,67 j

O298K:  AGY, = AHY, —298AS%. =91466j>0 => phan (mg khong xay ra

O 1000K:  AG;,,, =AH,, —1000AS!,, ~ AH%, —1000ASs,, =-2370j< 0 => phan (ng xay ra

CHUONG VIII: CAN BANG HOA HQC

I. Can bing héa hoc:

1. Phan wng thuin nghich:

- Phan rng mét chiéu (phan tmg hoan toan): 1a phan Gmg héa hoc xay ra cho dén khi c6 it nhat

w9

mot chit tham gia phan tng hét. Khi viét phuong trinh phan tmg ta ding déu

MnOz,t0

TD: 2KCIO, = 2KCl1+30,

- Phan tng thuan nghich (phan tng khong hoan toan): 1a phan tmg c6 thé xay ra theo hai chiéu

2

nguoc nhau trong cung mot diéu kién. Khi viét phuong trinh phan tng ta dung ddu “=’

TD: Fe304(r) + 4Ha(k) == 3Fe(r) + 4H20(k)

Phan tng theo chiéu mii tén tir trai sang phai dugc goi 14 phdn ieng thudn. Phan tng theo
chidu ngugc lai dugc goi 1a phén teng nghich.

*Pic diém ciia phan g thudn nghich la: khong co chit ban dau nao tham gia  phan tng hét, hdn
hop phan tng lac nao ciing c6 du cac chit cua phuong trinh phan Gmg, hay néi cach khac phan tng
khong c6 thoi diém két thuc ma chi dat dén trang thdi can bang héa hoc.

2. Trang thai cin bing héa hoc
a. Dinh nghia: Cn bing hoa hoc 14 trang thi ctia phan tmg thun nghich tai d6 toc d6 phan mg cua

TD:  Thi nghiém I Hak) + Lk) <«2XC,  2HIK)
Trudc phan tng (mol/1): 1 1 0
Can bang (mol/1): 0,2 0,2 1,6

Pén mot lac nao d6 tdc dd phan tmg thuan bang tdc do phan tng nghich nghia 13 trong mot
don vi thoi gian va mét don vi thé tich c6 bao nhiéu phan to HI dugc tao thanh thi ciing s€ co bz?iy
nhiéu phén tor HI bi phan hay, Iy luan twong tu cho Ha va L. Do d6 ndng d tit ca cac chat khong
thay doi nita, hay ti 1¢ s mol hodc ndng d giita cac chit 1a hang s6(10% Ha, 10%L,, 80% HI). Hé dat
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dén trang thai can bang. Tir 6 du co dé phan tng dién ra bao 1au di nita ti 1¢ nay van khong ddi néu
gitt nguyén céc diéu kién bén ngoai.

b. Dic diém ciia phan ng thuin nghich:

- Trong cung mot diéu kién (nhiét d9, ap sut, chat xuc tac) phan trng thuan nghich cé thé xay
ra theo ca chiéu thuan 14n chiéu nghich.

- Trang thai can bang khong thay ddi theo thoi gian néu khong ¢6 diéu kién bén ngoai nao thay
doi.

- Du xuét phat tir cac chat dau hay tir cac san pham cudi, nguoi ta ciing thu duoc cing mot két

qua nhu nhau:

Thi nghiém 2 (nguwge TN1) 2HI(k) «25%9¢ 4 Hak) + L(k)

Trudce phan ung (mol/l) 2 0 0
Can bang (mol/1) 1,6 0,2 0,2
80% 10% 10%

- Trang thai cAn bang héa hoc 13 trang thai can bang dong (phan tng van dién ra)
- Trang thai cin bang tmg véi AG =0

I1. Hang so cin bang va mirc do dién ra cia cac qua trinh hoa hoc:

1. Hang so can bang:

Xét phan tng ddng thé don gian tong quat: aA +bB = ¢C + dD
- Khi hé dat trang thai can bang: Vi = Vn

k,.C5.C) =k, .CL.CO

k _CCp
k. CiCp

n

K. =

V6i ke, kn 13 hing s toc do cua phan tng thuan va phan tng nghich.

- Vi k¢ va ky 1a nhiing hr?mg s6 & nhiét do x4c dinh nén K cling la h?mg sb6 & nhiét do xac dinh.
Hing s6 K. dugc goi 13 hing sb can bang biéu dién theo ndng db.

- Truong hop can bang duoc thiét 1ap gitta cac chat khi, ta co thé thay ndng do cac chat bang
dp sudt riéng phdn cua cic chit d6 trong biéu thic tinh hing sé can bang:

c C d c
K = pdeD _ (CCRT) (CDRT) _ CCCdD (RT)(C+d)—(a+b)

. =

pirk  (CRIF(CRT) €,

= ‘Kp = Kc (RT)A“| Trong d6:  An = ' khi(san pham) - ) 1 khi(chat diu)
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=> Khi' An'=0 ( phan (mg khong c6 chat khi hodc s mol khi khong d61) thi Kp = Ke

*Nhic lai:

e Ap suét riéng phin ti 1¢ thudn véi ti 18 mol khi do (x;) trong hdn hop:

e Tbng cac 4p suat riéng phan thi bang ap suit chung cua hdn hop: [P, = ZP,.

-

Giai:
Tinh hing s6 can bang theo ndng do:
Ke =K, (RT)?" =4,3.10* (0,082.(375+273)) > (") = 1214
Thiét 1ap 3 dong:

Nz (k) + 3Hz (k) = 2NH; (k)

Ban dau (M): 1 3 0
Phan tng: X 3x 2x
Can bang: 1-x 3-3x 2x

Tai can b'?lng, quan h¢ duoc thiét lap:

c d 2
K.= Ccclg = 1,214=L3 (Pidukién: 0<x<1)
CiCh (1-x)3-3x)

Nghiém phu hop cia phuong trinh trén la x = 0,558.

Vay ndng d6 cac chat & trang thai cin bang la:

[N2]=1-x = 0,4420 M
[Ha] =3 - 3x = 1,32600 M
[NH:] = 2x = 1,1160 M

2. Can bing trong hé di thé:
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- Doi voi phan g dilthe c6 s tham! gia cila céc chat khi. do 4p suat riéng phan cta chat ran

thing hoa va chat 1ong bay hoi ¢ nhiét ¢ xac dinh 1a hang s6 nén hing sé can bang Kp, K¢ chi phu

TD: CaCOs) < CaOg) + CO2)
K; _ PcaoPco,
Pcaco,

K, K! Pcaco, ~ Do,

Pcao

- Déi véi phan g di thé dién ra trong dung dich, do do tan cua chat khi va chét ran kho tan 1a

hang s6 & nhiét do xac dinh, ndng d6 cua dung méi coi nhu khong thay dbi trong qua trinh phan tng,
nén hang s6 can bang Kehilphythudevao nong do cac chat tan trong dung dich!

3. Hing sb cin bing va cac dai lwong nhiét dong

a. Quan hé giira hing s6 caAn bing va dé thay dbi thé ding ap:

D6i v6i phan tng:  aA +bB = ¢C +dD

e Néu phin tmg dién ra trong pha khi:{AG, = AGY + RTln(pch j (moi thoi diém)
pApB .

Khi phan tng dat trang thai can bang: AG,=0

b

c. .d
AG) =—RTln(MJ — —RTInK
cb

PAPE (1)
; . .x ) 0 Ce Cd
e Néu phan tng dién ra trong pha dung dich: AG; =AG; +RTIn| ——— o Cb
Khi phan tmg dat trang thai c4n bang: AG,; =0
C¢ Cd
AG} =-RTIn ( - j = —RTInK . 2
A B /ch

Biéu thirc (1) va (2) cho biét mbi quan hé giira hang s6 can bang K, va K. voi do bién doi thé
dang 4p. Hang sb can bang khong nhitng phu thudc vao ban chit phan tng (AG) ma con phu thudce
vao nhiét do. Khi AG® cang am (AG° << 0), hing sd can bang cang >1, qua trinh dién ra cang sau,
hiéu suat qua trinh cang cao.

TD: Tinh hing s6 can bang cua phan tmg:
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2 NOz(k) 2 N204(k)
& 298K khi biét AHY,,, =—58,040kJ va AS),, , = -176,6J/K

Giai: Ta c6: AGhy = AHY% — TAA,,0 =-58040+298.176,6 = -5412,3]

. K __AG _ 54123 2185
P RT 8,314x298
K, =89
Hay: pIj¢:8,9
Pro,

Nhu vy néu luc ban dau ta lay Px,0, = Pro, =1atm, ¢ nhiét do thuong phan Ung tu xay ra tao

nén N2Oj4 vai ti 1€ 16n hon.

b. Quan hé ciia hiing s6 cAn bing véi nhiét d6 va nhiét phan Gmg

Tu phuong trinh: AG® = AH® — TAS®
Va hé thirc: AG® =-RTInK,
0 0
— mg_=_2H | A5
 RT R

Goi K va K7 1a hang s6 can bang ¢ cac nhiét do T va T», ta co6:

0 0
K, = — AH® | AS
RT, R
0 0
K., = — AH’ AS
RT, R
K, AH’(1 1
h—2=—"r|——-—
K, R (T T,

TD: Tinh hing s can bang K, & 325°C ciia phan tng:

Biét: AH’=-57,07kJ/mol va K,=1,3.10° ¢ 25°C

CuuDuongThanCong.com
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ansgngH"( 11 J

K298 R T298 T598
In K5986:_57070 11 j > Kypsos = 12,45
1,3.10 8,314 298 598

IL. Céc véu t6 anh hwéng dén cAn bing héa hoc:

1. Sw chuyén dich cin bing:

Néu hé dang ¢ trang thai can bang ma ta thay d6i mot trong cac thong s trang thai caa hé (p, C, T...)
thi néi chung hé thirc trén s& thay doi (AG, #0) va hé s& tro nén khong cin bang, tirc 1a vi # Vn.
Phan tng xay ra (theo chiéu thuan hodc chiéu nghich) cho dén khi hé dat trang thai can bang mai,
twrong (mg vi cac diéu kién méi.

Sy chuyén tir trang thai can bang nay sang trang thai cAn bang khac duéi anh hudng cua tac dong bén

ngoai lén h¢ dugc goi 1a su chuyén dich can bc%ng.

2. Nguvén Iy chuyén dich cin bing Le Chételier (1850 — 1936)

a. Anh hwéng ctia ndng dd téi sw chuyén dich cin bing

Xét phan ting: Fe’* + 3SCN- = Fe(SCN); v, =kC_,.C:

Fe** ~SCN~
bo vV, = knCFe(SCN)3
v/ Khi hé dat trang thai can bang: v = vy

~ Néu tang ndng d6 Fe** 1én 2 1an: v, =k,2C,_.C} =2y,

v, =V

n n

Khi ting nong d6 Fe*", v; ting 1én 1am ting ndng d6 ciia Fe(SCN); (mau dé cua dung dich dam
hon) — cén bang di chuyén dich theo chiéu thuan — ndng d6 Fe** |.

Nhu vay:

b. Anh huéng ciia nhiét do téi sw chuyén dich cin bing

AH? AS°
+
RT R

Dua vao hé thuec: InK b=
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Ta thiy rang bién d6i cua hang s can bang theo nhiét 6 duoc quyét dinh boi ddu ciia AHY.

v Néu AH® > 0 (phan tmg thu nhiét), khi 71 — K, =%T — Khi T 1: k¢ tang manh hon

kn, nghia 13 v¢> vy va can bang chuyén dich theo chiéu thun (chiéu ciia phdan vmg thu
nhiéf). Nguoc lai, khi gidm nhiét @3, K giam, nghia 13 can bang dich chuyén theo chiéu
nghich (chiéu ciia phdn vng téa nhiét).

v Néu AH’ < 0 (phan tmg téa nhiét), khi 71 — K, :% I — Khi T 1: k, ting manh hon

ki, nghia 13 vo > v; va can bang chuyén dich theo chiéu nghich (chiéu ciia phan g thu
nhiéf). Nguoc lai, khi giam nhiét @, K ting, nghia 1a can bang dich chuyén theo chiéu
thuan (chiéu ciia phan irng téa nhiéf).

— MGt hé dang & trang thii can bang, néu tang nhiét d9 ciia hé, can bang s dich chuyén theo

v’ TD: Xét can bang : 2NO2(k) = N204(k) ,AH? = -58,04k]J

Mau nau khong mau
0 298°K ta c6 K, = 8,9, nghia la p, , =8.9py,

Khi 1am lanh hén hop can bing dé bang cach nhung binh dung hdn hop vao nudc d4, mau nau
nhat di vi can bang d3 dich chuyén vé phia tao thanh phan tir N,O4 khong mau.

That vay, & 273%K ta co: K AHC (1 1
In 273 _ _
Ko, R (298 273j
InSom _ = 58040 x(=3,07.107*) = 2,145
89 8314
InK,,, =2,186+2,145 = 4,331
K, = 76,02

nghiala p, , =76,02p;,

Nhu vay ¢ 0°C, ty 1& N2O4 trong hon hop ting 1én so véi khi & 25°C.

=> Nl vdy doi véi 2 véu té nong do va nhiét @b ta cé thé tém tdt theo so doé sau:

Q+A+B =2 C+D + Q

T
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¢. Anh huéng ciia 4p suit t6i sw chuyén dich cin bing

Gia st c6 mot hé phan rng gom céc chat khi ¢ trang thai can bang:

Vi du: 2NO(k)+ Oa(k) = 2NO2(k)
v, :kth,OCO2 v, =kan,02
v' Luc can bang co: vi = va
v/ Khi ting 4p suit chung cua hé 1én 2 1an bang cach giam thé tich xuéng mot nira, ndong do
cac chét déu ting gap doi. Lic nay:
v, =k,(2Cy, ) 2C, =8kCry.C, =8,
v, =k, (2Cy0, | = 4k,Cio, =4,
— Khi ting 4p suat chung ciia hé 1én 2 1an, v, > v, cin bang chuyén dich vé bén phai — tao
thém NO; — tong s6 phan tir trong hdn hop | — ap sudt chung cta hé |.

v Nguoc lai, khi giam 4p suét chung ciia hé xudng 2 1an bang cach ting thé tich 1én gip
d6i. Lap luan tuong tu ta thdy can bang dich chuyén vé phia phan hiy NO, thanh NO va
02, phia 1am ting ap sut cua hé.

Nhu vay:

e Mgt hé phin ting ciia cdc chit khi dang & trang théi can bing, néu tang dp sudt chung
ciia hé, can bing sé chuyén dich theo chiéu nao ¢ tac dung lam gidm s6 mol khi ciia
hé va nguegc lai.

e DGi véi cdc phan iimg khong c6 chdt khi (¢ trang théi dung dich hodc rin) hodc cd
chdt khi nhung 56 mol khi khdng déi thi sw thay d6i dp sudt ( hodc thé tich) khong lam
dnh lueéng dén trang thai cin bang.

CHUONG 11: DUNG DICH PHAN TU

I. HE PHAN TAN VA DUNG DICH
1. HE phan tin:
e Dinh nghia:

La nhitng hé trong d6 c6 chat phan tan va mdi truong phan tan dudi dang nhitng hat co
kich thude nho bé.

e Tinh chit:

84
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Tinh chit ciia hé phan tan phy thudc vao trang thai tip hop cua chat phan tan va moi
truong phan tan. Tuy nhién, tinh chit ctia hé nay phy thudc chu yéu vao kich thude cia chat
phan tan.

Theo tiéu chi nay, h¢ phan tan dugc chia thanh 3 loai:

o Heé phdn tan tho:

- Kich thuéc hat d >10° cm (c6 thé nhin thiy bing mit thudng hay kinh hién
vi).

- Hé phan tan tho khong bén nhiét dong

- Hai loai h¢ phan tan tho thong dung:

H¢ phén tan Tén goi
Rin phan tan vao 16ng Huyén phu

Long phan tan vao long Nhil tuong

o Hé keo:
- Kich thudce hat phén tan trong khoang [107<d < 10°] cm
- C6 thé quan sat hat keo duéi kinh hién vi dién tur.
- Hé keo kha bén nhiét dong.
- Vidu hé keo: swong mu, keo dan, AI(OH)s...

o Hé phén tin phin ik - ion (dung dich thuc hay goi tat lé dung dich): cht phan

tan c6 kich thude cta phan tir hay ion (d = 10® cm). Hé nay rat bén.
2. Dung dich:

a. Dinh nghia:
~ Dung dich 1a hé phén tan dong thé gom hai hay nhiéu cau tir ma thanh phan cia ching
c6 the thay doi trong mot gidi han rong.

e Dung dich gom:
o chadt tan — chat phan tan.

o dung méi — moi trudng phan tin (dung moi 1a cau tir ¢6 lugng nhiéu nhat va
phai c6 trang thai khong thay doi khi tao thanh dung dich)

e Tuy thudc vao trang théi tdp hop, dung dich co thé 1a rin, 16ng hay khi.

e (06 thé tao thanh dung dich 1ong bang cach hoa tan cac chat rin, 1ong, khi vao dung
moi long.
b. Qua trinh tao thanh dung dich.

Khao sat truong hop tong quat: hoa tan chit rin A vao dung méi nude. Co hai qua
trinh nguoc nhau dong thoi xay ra:
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Hoa tan
Chét A(tinh thé) «— Chét A(dung dich)
Két tinh

e Qud trinh hod tan: gom hai giai doan chuyén pha va hydrat héa

- Giai doan chuyén pha: Cac tiéu phan & bé mat tinh thé dudi tac dung chuyén dong nhiét va
tuong tac cua cac phan tr dung moi s& bi tach ra khoi bé mit tinh thé. Do 1a qua trinh pha v&

mang tinh thé chat tan dé tao thanh cic nguyén tu, phan tur
hay ion. Pay 1a qua trinh vét Iy, thu nhiét, ting d¢ héon loan
nén: AHchuyén pha = 0; Aschuyén pha > 0

- Giai doan hydrat héa (hay solvat héa): cic tiéu phan chat
tan sau khi tach khoi bé mit tinh thé s& khong ton tai doc 1ap
ma bi cac phan tir dung mdi bao quanh tao cac tuong tac tinh
dién. Qua trinh nay duoc goi la qua trinh solvat héa (dung
moi hoa; néu dung méi 13 nudc goi 13 hydrat héa). Day 1a qua
trinh héa hoc, phdt nhiét, giam dp hén loan nén: AHsolvat hea
<0 H AS solvat h6a< 0

Hai giai doan nay lam chat tan bi tan ra.

o Qud trinh két tinh: ddng thoi v6i qué trinh hoa tan, ton
tai mOt qua trinh ngugc chi€u: cac tiéu phan chat tan trong
dung dich va dap 1€n bé mat tinh thé va két tinh 1én trén do.

*Nhu vdy ton tai mot can bang cho qua trinh hoa tan va két tinh. Cdn bang nay la cdn bdng
inh hoa tan ~ 4ONg-
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c. Sw thay ddi cac tinh chit nhiét dong khi tao thanh dung dich

e Dong luc clia qua trinh hoa tan 1a sy giam thé dang ap (qua trinh bat thuén nghich):
AGht = ZAGgp - ZAGea <0
Ma AGne= AHp - TASk
o Xét sy thay d6i AHp cia cac qua trinh hoa tan:
AHn¢ = AH¢p + AH 501

AHep | AHsot | AHge
Khi / long - - -
Rin / long + - +/-

e Xét sy thay d6i ASp clia cAc qué trinh hoa tan:

ASht = ASep + AS 501
AScp | ASsol | ASh
Khi / long - - -
Rin / léng + - +/-

* Nhu vay, tuy thudc gid tri AHwva ASn ma AGn cé thé am hodc du’ong Co nghia la chat khi
hodic rdn cé thé tan hodc khéng tan trong dung méi long tuy thudc vao ban chat ciia né.

* Dung dich Iy twéng 1 dung dich khi hoa tan chét tan khong xay ra su thay doi thé tich va
khong keém theo hi€u (ng nhiét (AHn = 0 va AV = 0).Co thé xem dung dich Iy twong la dung
dich cé nong do chdt tan thét lodng dé tinh chat cia dung méi thay doi khéng dang ké so véi
dung méi nguyén chat. Can khang dinh la khdo sdt tinh chat ciia dung dich chinh la khio
sdt tinh chdt ciia dung moi trong dung dich chir khong phdi ciia chit tan trong dung dich.

d. Khai niém vé d6 tan S.

e Dinh nghia: khi cin bang hoa tan dugc thiét 1ap, ndng do chit tan trong dung dich d6
duoc goi la d6 tan.

Noi cach khac, nd 14 néng do chat tan trong dung dich bdo hoa.
e Ki hi¢u: S

e Thi nguyén: Do tan thudng dugce biéu bién bing sé g chdt tan tan téi da trong 100g
dung moi o mot nhiét do xdc dinh. Ciing c6 thé dugc bi€u dién bang nong do C% hodc Cum
cua dung dich bao hoa & mot nhiét do xac dinh.

e Do tan phu thujc vao:

+ Ban chit ciia chit tan va dung méi: Cac chat cd tinh chat twong fir nhau thi hoa tan t6t
vao nhau : chat co cuc tan tot trong dung moi c6 cuc (H20, rugu étylic, axit axetic, diétyl éte,
axeton...)(NHs tan tot trong nude do chung déu c6 cuc manh). Chat khong cuc tan tot trong
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dung mé1 khong cuc ( CSz, CCls, benzene, n-heptan...) ( Bra/ CCls...). Tuong tac gitra dung

moi va chat tan néu c6 1am tang dg tan (CoHsOH tan trong H>O theo moi ti 1€ do tao dugc
lién két hidro).

+ Nhiét d6 va ap suit:

e Hoa tan chat khi trong chét 16ng:
A(k)+ D(l) «<>A(dd)

o Anh huong cia ¢ ? : Cac qua trinh nay thuong c6 AHy < 0, nén

¢ iding Sé lam do ian'S gidni (nguyén 1y chuyén dich can bang Le

Chatelier)
o Anh hudng ctia P: theo nguyén 1y Le Chatelier Ptang, S'tang

e Hoa tan chat ran trong chat [dng: Hinh 11.2. Hoa tan chdt khi trong léng
o Anh hudéng cta nhiét do: ksl ] =L\
150F <7
\ A \ A ) A / e - 1 2 of
Tuy thudc vao dau cua AHy, ma d6 tan co thé tang . o[/~ o Eﬁ‘//”f ]z
~ * 2 A A & i i 3 i
hoac giam theo nhiét do. s & 7 L
' i . -l o G .
A i \ g 100 T S
- Néu BHWS 0TI (7ong thirong) WA
e —T oA | |
J4 & mm—m'b/ . o
- Néu AHR <0 thi T1> S ¥ .
5 , \ 2 plme o KC\’//i
o Anh huong cua ap suat: P hau nhu khong anh 3 * - =N =
5 A 5 A z £ B
hudong dén S cta chat ran S AL R
10502 ==CexS0.): - 9H:0°
=] |

1 20 - 3% 40 U v e lﬂ()
) . Hinh 11. 3 Hoa tanfefhwu?d(n trong long
e Hoa tan chat 16ng trong chat Iong:

Ba truong hop: hoa tan vo han, hoa tan hiru han va khong hoa tan.

o Anh huéng cia nhiét d6: Vi qué trinh hoa tan thuong kém theo hiéu @mg thu nhiét nén
khi tdng nhiét d9, d6 tan tuong ho thuong tang.

o Anh hudng cta ap suat: hiu nhu khong chiu anh huong ciia ap suét.
* Ngoai ra, do tan con phu thudc trang thdi tdp hop cua chat, sw cé mdt cua chat la...
II. CAC LOAI NONG PO DUNG DICH:

Loai nong do Kyhiéu Y nghia va don vi Cong thuc tinh

b 6 phan tri m,,.100%
Nong do phan tram C% c 0

: C%=
khoi luwgng

Nong d¢ phén tir C
gam/l (nong d¢ mol/l) M

Nong d6 phan mol N

N="4

5 n.1000
dm
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Nong d6 dwong lwong

sob
C,=——
gam/ o | e |

> Chuyén dbi giira cac loai nong do:
Cho dung dich NaOH 12% (d = 1,125g/ml). Tinh Cwm, Cm, Cn, N ?

e a% <& Cwm:
— my.a% _V,(ml).d(g/ml).a% V,@ml).C,
a1 00%. M 100%.M 1000

= ‘10a.d = CM.Nﬂ

10ad  10x12x1,125
40

o a% © Cu: Gia sir ldy dung 100 g dung dich NaOH 12% :
Ny w1000 12x1000

> C, =

=3375M

Cm = - =5,
m,, 40x(100-12)
o Cm<~Cn:

Vi b= M om= n.D ( mét mol c6 n duong lugng) =>

n

e a% © N: Gia st lay ding 100 g dung dich NaOH 12% :

, 1%
Nywon = AOH, N 4(8)8 =0,0578
on + o 1240+ 88

IIL. PUONG LUONG VA PINH LUAT PUONG LUONG :

1) Dinh nghia:
. Puong lugng tinh

bang gam goi 1a dwong lwong gam (ky hiéu 1a D , trong tiéng Anh 13 E).
TD: H» + Cl2 — 2HCI

2,016g Tlg

1,008g b =(1,008/2,016) .71 = 35,5¢
2) Cong thirc tinh dwong lwong:

Al LK A iy
n

TD: N,O : Dx = %= 14, NO; : Dx = %= 3.5

b) Hop chat: [D=—/| Véi: - ; n: tuy chat.
n
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e Axit—baz : n = sb ion H'(OH")tham gia pu/1ptir.
TD: H3;PO4 + 2NaOH = NaHPO4 + 2H>0
M 98 40
Puzpos = — = —=49¢g ; Prnaon = — =40 g.
2 2 1
e Mubi: n=sé ion + hoic - tham gia pu/1ptir . dién tich ion do.

TD: *Alx(SO4); + 6NaOH = 2AI(OH)3 + 3NazSO4

M 342
b = —=—=57
AR(SO4 = = = g
*Al(SO4)3 + 4NaOH = [AI(OH)2]2SO4 + 2Na>SO4
Dansosps = M 342 85,5g (c6 2 gbc S04 pu)
2x2 4
C6 thé tinh bang dinh luat duong luong: AL(SO#); + 4NaOH

e Chét oxy héa - khir : n = s6 e trao ddi / 1ptir
TD: K>Cr207 + FeSO4 + H2SO4= Cr2(S0O4)3 + Fea(SO4)3 + KoSO4 + H2O
2Cr*® + 6e —2Cr”  =>Dkocror =M /6
Fe?—le —Fe? => Drsou=M/1

3) Pinh luit dwong lwong va ing dung:

a) Pinh luit dwong lwong(Dalton): Cac chat phan (mg v6i nhau theo nhiing luong ti 18
v6i duong lugng cua chung.

TD: A+B »C+D = |Pa_Bal o ™M o g6 p, =56 DPs

my Dy 4 B

Vay c6 thé phat biéu : Cir mét dwong lwong gam chit nay thi phéin teng vira dii v6i mot
duong luwong gam chit khac.

b) Ung dung: Trong cic phép chuan do axit-baz hay oxy héa- khir ta co:
S6 Daxit = S6 Dbas => |Va-CN(a) = Vb-CN(b)|
SO Pox = SO Pxn => IVOx.CN(Ox) = VKh.CN(Kh)|
TD: Chuan d6 10ml dd FeSOucan dung 12ml dd KMnO4 0,05N .
12x0,05
10

=> 10. Cnresos)= 12.0,05 => CN(Fesos) = =0,06N

IV.DUNG DICH LOANG, CHAT TAN KHONG DIEN LY - KHONG BAY HOI:
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Gia sir khi tao thanh loai dung dich nay khong xdy ra hiéu tmg thé tich va hiéu tng
nhiét (AH = 0, AV = 0). Dung dich luc d6 dugc xem nhu dung dich ly tudng.

Xét cac tinh chét cua dung dich 10ng, lodng, phan tir, chat tan khong dién ly va khong
bay hoi.

1. D6 giam ap suét hoi bio hoa- Dinh luat Raoult I:

e Trén mit thoang cia mot chit 10ng ¢ can bang léng hoi:
Bay hoi, AH >0
Long < > Hoi

Ngung tu, AH <0

e Céc phén tir hoi khi chuyén dong nhiét phan tir va cham vao thanh binh chia tao ra

mot ap suat — goi 1a dp sudt hoi bdo hoa P. Khilnhict @6 ng thi P hoi bao hoa tang

. P hoi bao hoa ctia dung moi trong dung

dich (goi tit 1a P dung dich: Py).
o P; ti I¢ thudn véi nong dé phan mol ciia dung moi:
*Dinh ludt Raoult I:
Phat biéu 1:

P =FN, Véi : Po: P hoi bio hoa dung moi nguyén chit.

Ni: ndng d6 phan mol ctia dung méi trong dd.

Na: ndng d6 phan mol ctia chat tan trong dd.

Nhan xét:  P1<Po( ViNi<]). Khi Ny—1 =>P; — Py
Thay: Ni=1-N2 (ViNi+N2=1)
Ta duoc: P1=Po(1 —N2) = Po— PoN>
Y
=> 2= =
5 5

Phat biéu 2:

2. Do tang nhiét do soi va do giam nhiét do dong dac- dinh luat Raoult 11:

a. Nhiét do soi caa dd:
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chat soi trudce vi:

Khi dung mo61 s61:  Pdad < Pam = Pmt ngoai

Phai tiép tuc dun nita thi dung dich méi dat dugc P hoi
bao hoa = P moi trudong ngoai nén dung dich ¢o nhid
dd so1 cao hon dung moi nguyén chat

—1 atm [2°

e Khi dun nong df)ng thoi luong tuong duong cia du
modi nguyén chat va dung dich thi dung moi nguy

Pressure

-/Aﬁ 5_1'{

nh 11.4. Gian do pha ciia nuée

e Dung dich c¢6 nong do chat tan cang cao thi nhiét d so1 s€ cang cao, nén trong qua

trinh s61 nhi¢t do soi s€ tang dan.

b. Nhiét do dong dac cua dd:

e Chét long dong dic ¢ nhiét do tai d6 ap sudt hoi ctia pha 16ng bang ap suit hoi cta pha

ran.
. —

e Dung dich c6 ndng do chét tan cang 16n s& déng dic ¢ nhiét dd cang thap.

e Nhiét do dong dic cua dung dich 13 nhiét d6 bat dau xuat hién tinh thé dau tién cta
dung moi. Vi khi dung mdi cang két tinh thi ndng do chat tan trong dung dich cang
tang, ap suat hoi bao hoa cang giam xuong nén nhiét do két tinh ctia dung dich cang

thap.

*Dinh ludt Raoult 11:

ATs = KsC

Véi:

CuuDuongThanCong.com
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Chuwong XVI: Dién Héa Hoc Nguyén Minh Kha

e AT, va ATq— d0 ting nhiét do s6i va d6 giam nhiét d6 dong dic.
e K va Ks—hiing s6 nghiém sbi va hiing s6 nghiém dong ciia dung moi.
e Cum— ndng dd molan clia chat tan trong dung dich.

Hiing s6 nghiém so6i va hing s6 nghiém dong cia mot s6 dung moi:

Dung moi K Kq
Nuéc (H20) 0.516 1.86
Benzen (CsHe) 2.67 5.12
Axit axetic (CH3COOH) | 3.1 3.9
Nitro benzen (CeHs) 5.27 6.9

3. Ap suat thim thiu

a. Sw thAm thiu va 4p suét thim thau

Normal Osmosis

Higher Contaminant Lower Contaminant
Concentration Concentration
Semipaermeable g

Membrane

Direction of
Water Flow

Hinh 11.5. Hién tuong tham thau
Su khuéch tan cac phan tir dung méi vao dung dich qua mang ban thim dugc goi 1a
hién tugng thdm thdu.

Luc tdc dung 1én mang ban thim d€ ngin khong cho dung méi di qua né dude goi
12 dp sudt thdm thdu.

b. Dinh luat Van’t Hoff:

7=C,RT

Trong d6:  m - 4p suit thim thau
Cwm — ndng d6 mol ctia dung dich
Nhan xét: Dang ctia phuong trinh nay rat gidng v6i phuong trinh trang thai khi 1y tuéng:

PV =nRT & P:%RT < P =CRT
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Chuwong XVI: Dién Héa Hoc Nguyén Minh Kha

Van’t Hoff (1887):

Chuong XII: DUNG DICH PIEN LY

I. Sw khac biét gitra dung dich phan tir va dung dich dién ly:

e Dbi v6i dung dich chtra cac chét tan dién ly(axit, baz, mudi), cac gia tri w, AP, ATs, ATq
xdc dinh bing thuc nghiém ludn ludn I6n hon so véi tinh todn 1y thuyét.
. AP AT" n
i=— =220
AP AT 7«
e Theo Van’t Hoff, cAn phai bd sung thém hé sd i vao cong thic cia dinh luat Raoult khi
ap dung cho cdc dung dich axit, baz v mudi:

AP'=iAP=iP,N,| Véi:

AT'=iAT = iKC,

n'=ir=iC,RT

o AP, AT, & - tinh theo cdc dinh luat Raoult
o AP, AT’, n’ - do dudgc bing thyc nghiém.

o

e Cic dung dich chét dién ly din dién trong khi nudc nguyén cha't khong din dién.

*Nhitng tinh chdt trén dwoc gidi thich la vi dung dich cdc chdt tan axit, baz, mudi da dién ly,
trong khi dung dich phdn twr thi khong.

IL. Sw dién ly va thuyét dién ly

1. Sw dién ly
a. Thuyét cé dién Arrhenius:

e Sau khi hoa tan vao nudc hoac khi dun néng, cac chit axit, baz va mubi phan ly thanh
nhitng ion duong (cation) va ion &m (anion) goi la sy dién ly.

e Cic tinh chd't bat thudng cua dung dich dién ly dugc giai thich do sy tang sé tiéu phan
cua dung dich dién ly so véi dung dich phan tu.

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Chuong XVI: Dign Héa Hoc Nguyén Minh Kha

e Tinh din dién cta chiing dudc gidi thich 13 do su di chuyén dinh hudng cua cac ion dudi
tac dung cua dién truong.

*Uu diém: giai thich dugc cdc tinh chat bat thudng clia cdc dung dich dién ly.

*Han ché: khong ké dén tuong tic giita chdt tan va dung moi

b. Thuyét dién ly hién dai (Cablucop):

" Y

) ‘k Khi cho mot chat dién ly vao nudc, nhitng phan tif

<J -4 ; yg’ nuéc huéng cdc diu cla ludng cuc vé phia nhitng ion

& “f")& @ trai dau trén bé mit tinh thé€ chat tan hinh thanh moi

?é/ & tuong tdc tinh dién. Ciing véi su chuyén dong nhiét

. i) S:(II’ % ndi tai, luc tuong tdc gilra cdc ion trén bé mat tinh thé

er 2 }@’@E& bi suy y€u lam cho céc ion tdch r&i nhau va di vao
B 912) dung dich. B6 1a hién tuong dién ly.

Hinh 12.2. Su dién ly *Trong dd nuéc khong cé ion ty do, chi cé cac ion
bi hydrat hoa.

e Néu trong phan tir chat tan c6 nhiéu kiéu lién két thi sy phan ly s& xay ra uu tién theo thir
tu: & lién két ion trudce, roi dén lién két cong hoa tri phan cuc manh...

Vi du: NaHSO4 = Na" + HSO4
HSO4 = H" + SO4*

2. Do dién ly a: 1a ti I¢ gitra 36 phén tir dién ly (n) trén tong sd phan tir dd hoa tan trong dung
dich (no), hay cling chinh 1a ndng d¢ di¢n ly trén nong d6 hoa tan.

Qua trinh dién ly
AmBn z > mA™ +nB™
Quaé trinh phan tr hoa
LGl g<as<t
ny C

e Phdn loai.:

o Chit dién ly manh: o = 1 (HCI, HNO3, NaOH, KCl...). Thyc té du 1a chat dién ly
manh o chi =1 khi néng do dung dich that loang.

o Chat dién ly yéu: o < 1 (HCN, H,COs, CH;COOH, NH4OH...)
o Chat khong dién ly: a = 0 (CsH120s, glycerin...)

o Cic yéu to anh hwéng dén do dién ly:

o Ban chat chat tan va dung moi.

o Nong d6 dung dich cang 16n do dién ly cang giam.
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Chuwong XVI: Dién Héa Hoc Nguyén Minh Kha

o Nhiét do cang tang do di¢n ly cang tang.
e Quan hé giita ava hé 56 Van’t Hoffi:
AnBn 2 mA™ + nB™

Ban dau no
Phan ly noo mnoat nnoat
Canbang  no(l-a) mnoo nnoot
i—1
=> o=—

_q—l

o q=m+n (tong s6 ion do mot phén tir dién ly)
o a:djdién ly biéu kién.

e Quy uwoc trong dung dich nude 0,1N

+ Chit dién ly manh: a>30%
+ Chit dién ly trung binh: 3% < a < 30%
+ Chit di¢n ly yéu: a<3%

II1. Can bing trong dung dich chit dién ly véu va hing sb dién ly:
1. Xét chit dién ly yéu don bic: AB = A" + B
Ban dau: Co

Dién ly: Coa Coa Coa
Canbang:  Co(1-0) Coo  Coo
Khi dat can bang hing s6 can bang chinh 1 hang s6 dién ly:

K :CA*'CB’ — (Coa)2
“ Cus C(-a)

Pbi vai chat dién ly yéu (o << 1) thi (1 - o) = 1, do d6:

=>Khi pha loang (Co giam), thi do dién ly a tang.

2. Doi voi cac chat dién ly yéu da bdc: moéi nac dién ly c6 mot hang so6 dién ly, nhung nac
dién ly cang vé sau cang yeéu:

rlaco] o o]

TD: H.CO3; =2 H" + HCO3 K, —
[H,CO,] HCO;

HCOs; = H' + COs*
*Chu y:
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Chuwong XVI: Dién Héa Hoc Nguyén Minh Kha

e Khi tinh [H'] trong dung dich H>COs chi tinh [H'] ctia nac thir nhat.
e [H']va[HCOs7] trong K va K> 1a nhu nhau.
IV. Cén bing trong dung dich chét dién ly manh va hoat dd

1. Ly thuyét chit dién ly manh:

e Trong dung dich chét dién ly manh xuét hién luc tuong tac gitta cac ion, mdi ion trong dd
duoc bao quanh bdi cac ion trai dau (bau khi quyén ion), con xa hon 1a cac ion cung dau.

Nhu vay trong dd ion khong hoan toan ty do.

e Ngoai ra, trong dung dich chit dién ly manh c6 thé xay ra sy lién hiép ion (vi du NaCl;,

Na,CI" ...), khi pha lodng céc lién hi€p ion nay lai phan ly thanh cac ion don gian.

e Do vay, sb ion trong dung dich chét dién ly manh nhé hon sb luong tinh theo 1y thuyét.

Do dién ly trén thyc té thé hién duoc goi 1a d6 dién ly biéu kién.
2. Hoat do a:

e Trong dung dich chét dién ly manh, nguoi ta dung khai ni€ém hoat do a thay cho khai niém

néng do C: 0<f<l

Do6i véiion 1: ai = fiG; f - hé so hoat do
DOI Vol Chat dl@n ly AmBn aAmBn N fAmBn CAmBn fA,,1Bn = (m+n\)’ f/:”lH an’»,,

AmBn

hé so hoat @0 cua chat

e avafco thé duge xac dinh bing thuc nghiém (cac phuong phap nghiém déng, nghiém

s0i, do d6 dan dién, strc dién dong...)
e (6 thé tinh gin ding duya trén cac phuong trinh Debye va Huckel:

Az’ NI

&S =T
| B A‘ZAH Z g ‘\/7
gfun = T
Trong do:
o A -hang s, phu thudc vao ban chat dung méi va nhiét do
o) z - dién tich ion

o I - lyc ion cua dung dich:  1=1) Cz}
e Dbi voi dung dich nude & 25°C: A=0,5

e Khil<0,01 phuong trinh c6 dang don gian nhu sau:
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Chuwong XVI: Dién Héa Hoc Nguyén Minh Kha
Ig f, =—0,5z2~T

Ig f4 5 =05

JI

ZA"* ZB””
Chuwong XIV:  CAN BANG TRONG DUNG DICH

CHAT PIEN LY KHO TAN va PHUC CHAT
I. Dung dich chit dién ly khé tan:

1. Cac chit dién ly khé tan va s dién ly ciia chiing.

Trong s6 cac chat dién ly c6 nhimg chat dé tan (cac mudi
nitrat, acetat...) va nhitng chat kho tan (cac halogenua cua Ag, Pb,
Hg(I); cac sulfate kim loai kiém tho, Pb...)

Dbi voi cac hop chit dién ly kho tan, ta van cd can bang
dién ly:

A B, < mA"™ +nB""

Hinh 14.1. chét dién Iv khé tan

2. Cén bing di thé ciia chit dién ly khé tan trong dung dich va tich s6 tan

e Chat ran it tan A,By: A,B, .y < mAy +nBl,)

° Ap dung dinh luat tac dung khéi luong:

K _ C;nn+ C;m,
CAmBn

Vi ndng d6 chat ran 1a dai luong khong doi nén

K.Cypy =C.CL,. = const

e Tich s0 tan: T, , =C}.C,, =const

e Tich sd tan ctia mot chat phu thudc vao ban chat ciia dung moi va chét tan ciing
nhu nhiét do.

e Mobi lién hé gifra tich sb tan va cac dai luong nhiét dong:

AG’ =—RTInT, , =AH" —TAS"
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Chuwong XVI: Dién Héa Hoc Nguyén Minh Kha

3. Tich sb tan va do tan ciia chit dién ly kho tan.

e Xét cAn bang tong quat ciia chét dién ly kho tan:
4,B,) < mA(”;d) +nB )
biénly:  S(mol/l) mS nS
e Ap dung biéu thirc tich s tan:
=C".C,,. = (mS)m (nS)” =m"n"S "

11111

e Nhdn xét: Trong cung diéu kién nhu nhau, chat ndo c6 T cang nho thi S cang
nhd, vay no cang it tan.
4. Anh huéng ciia céc ion trong dung dich dén dd tan S ciia chét dién ly khé tan.

e Két hop ta c6 biéu thirc:

(m+n)

T, 5 =ah.ah, =Co fh.Ch fr =(mS)" (nS)" f"s" =m"n"S"" "

11111

B

TA,B
S = (m+n)—”"(—)—
m_n m+n
mn A4,B,

e X¢ét anh hudng cua cac ion trong dung dich:

A

- Anh huéng cua ion cung loai: Khi c6 mit ion cung loai
vai cac 1on cua chat dién ly, do tan cua chat dien ly giam vi can
bang di¢n ly bi dich chuyén theo chiéu nghich.

- Anh huéng cua ion khéc loai-Khi c6 mit ion la, luc 1on
tang, dan dén giam hé s6 hoat d va do do6 s€ lam tang do tan cua

chét dién ly kho tan.
5. Didu kién hoa tan va két tiia ciia chat dly kho tan

e Chat dién ly s& két tiia khi: e

B""

>T, 5

e Chat dién ly s€ tan khi: c"..C!

A" Bm STAmBn
Véi C 1a ndng d6 cac ion trong dung dich thu dugc.
I1. Dung dich ion phirc chét (complex ions):

Nhiéu ion kim loai chuyén tiép( nguyén t6 d) c6 thé tao thanh cc phtic chat trong
dung dich hay ¢ trang thai ran. Ching gdbm mot ion kim loai dugc bao quanh bdi mét
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Chuwong XVI: Dién Héa Hoc Nguyén Minh Kha

nhém cac anion hodc phan tir trung hoa goi 1a cac phdi tir (ligands): Cu(NH;),>,
Ag(NH3)2+, CO(NH3)62+, SIlC142', Nl(OH)j, FC(H20)63+, Fe(H,0)4 (OHz)Jr

Trong dung dich cAc ion phirc tan ndy ton tai cdc can bang ion phuc sau (m01 mot
ligand tao lién két voi ion kim loai 1a mét giai doan ung voi mot hang s6 tao thanh hay

hing sb bén; tich s6 cua tat ca cac hang sd 14 hdang sé tao thanh chung cta ion phc :
Kj)

+ — + — [Ag(NH3)+] — 3
Ag'(dd) + NH3(dd) 5 Ag(NH3)"(dd) K, = g 1NH] 2,1x10

. - . - aevmyy]
Ag(NH3) (dd) + NH3(dd) 5 Ag(NH3)2 (dd) K, = [Ag(NH.) 1. INE] =8x10

Ag(NH, )2

Ag'(dd) + 2NHy(dd) 5 AgNHs)"(dd) K, =KiK, =7 5 ns

- =1,7x10’

K (hang s6 tao thanh) cang 16n, ion phtrc cang bén.

CHUONG XV: CAN BANG THUY PHAN

1. Phan ng trao ddi ion:

e L4 cac phan Gng trong do6 céc chat trao doi voi nhau thanh phan cac ion cia chiing va
khong co6 su thay doi so oxi hoa cua céc chat.

e Diéu kién dé phan tmg xay ra 1 sau phan tng c6 tao thanh mot trong cac chat: két tua,
chat bay hoi hodc chat dién ly yéu.

2. Su thiity phin va cin bing thiy phin:

a) Dinh nghia sw thuy phan:

Phan tmg thuy phan mudi chinh 14 chiéu nguoc cua phan tng trung hoa:

Thay phan

Mubi + Nudc > Axit + Baz
Trung hoa
MA + H O &S HA + MOH
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Chuwong XVI: Dién Héa Hoc Nguyén Minh Kha

b) Diéu kién xdy ra sw thiy phén va méi truong sau khi thiy phin:

Phan tmg thuy phén cting chinh la phan tng trao doi ion, nén dé phan mg xay ra dugc thi
sau phan ing céc axit hay baz phai la cac chat di¢n ly yéu (axit yéu ,baz yéu)

Sy thuy phan sinh ra méi trudng cua chit ndo manh hon.
o Mubi tao boi axit manh va baz manh: (NaCl, KNOs...): khong bi thiy
phan.

o Mudi tao béi axit manh va baz yéu: ( NH4Cl, Zn(NO3)2, Al(SOs)s...)thay
phén sinh ra moi trudng axit.

Pt phan tr: NH4Cl + H,O = NH4OH + HCI

Pt ion: NH4* + ClI" + H,O = NH4OH + H" + CI
Pt ion thu gon: NH4" + HoO = NH4OH + H*
Téng quat: M*+ H,O = MOH + H*

o  Mubi tao boi axit yéu va bazo manh: (CH;COONa, K»COs, Na3POsa...) thay
phén sinh ra moi trudng baz.

Pt phan tr: CH3COONa + H,0 = CH3COOH + NaOH
Pt ion: CH3COO" + Na'+ H,0 = CH3COOH + Na" +OH"
Pt ion thu gon: CH3;COO" + H,O = CH3COOH + OH
Téng quat: A +H,O = HA + OH-
o Mudi tao boi ﬂcmcomm, (CH;CO0),Zn
...) thiy phén sinh ra .
Pt phan tu: CH3COONH;4 + H,O = CH3COOH + NHsOH
Pt ion: CH3COO™ + NH4"+ HoO = CH3;COOH + NH4OH

Téng quit M"+ A"+ HO = HA + MOH

3. Do thiiy phan va hing s6 thiy phan:

D4 thiiy phdn h:13 ti s6 giita sb phan tir mudi bi thuy phan trén tong s6 phan tir dd hoa
tan trong dung dich.

Haing so thiy phdn K, duoc rit ra tir dinh luat tac dung khdi luong ddi véi can béng
thiy phan.

Nhdan xét:

o Do thuy phan phu thudc vao hang sé dién ly cta axit hay bazo yéu tao thanh trong
két qua thuy phan:

8D thiy phan phy thudc vao néng do dung dich, HOREIA0ICANE THAD: G0 Uy PhaH
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Chuwong XVI: Dién Héa Hoc Nguyén Minh Kha

o Do thuy phan phu thude nhi¢t do: nhiét do tang, do thuy phan tang.
o Hing s thiy phan dbi véi mdi mudi chi phu thude nhiét do.
4. pH ciia dung dich mudi bi thity phén:

- Muoi cua axit manh va baz yéu: dung dich muoi c6 moi truong axit:

pH =7_%(pr +1ng)

- Muoi cua axit yéu va baz manh: dung dich mudi c6 moi truong baz:

pH=7+%(pKa +1gC,)

- Muéi ciia axit yéu va baz yéu: pH cua dung dich mubi s& do axit hay baz manh hon quyét
dinh:

1
pH = 7+5(pKa - pK,)

Chuong XVI: PIEN HOA HOC
bién hoa hoc nghién ciru sur chuyén héa giira hai dang ning luong: héa ning va dién
nang. Co6 2 chiéu chuyén hoa: Pin dién héa hoc
Hoa nang > DPién ning
Pién phan

Co s& ctia sy chuyén hoa nay chinh 1a phan tng oxy hoa khur.
I. PHAN UNG OXY HOA - KHU vi DONG DIEN:
1- Qua trinh oxy hoa, qua trinh khiw - cap oxy hoa khu:
Mot phan ung oxy hoa khir ton tai song song hai qua trinh:
e Qua trinh oxy héa: chira chat khtr (Khi) va san pham cta né (Oxi): Cip

Oxy/ Khy .
e Qua trinh khir: chira chat oxy héa (Oxmn) va san pham cta né (Khmu): Cip
Oxn/ Khy .
QtOx: Ky = Oxy + ne. Cap Oxy/ Khy
QtKh: Oxp+ne = Kh. Cap Oxy/ Khyy
Khi + Oxp = Oxj + Khy.| (Pu Ox-Kh tong quat)
TD: QtOx:  Zn = Zn*" + 2e. Cap Zn*'/Zn
Et Kh: Cu**+2e= Cu. Cap Cu**/Cu

Zn+ Cu” = Zn""+Cu
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Chuwong XVI: Dién Héa Hoc Nguyén Minh Kha

Zn + CuSO4 = ZnSO4 + Cu (Pt phan tr)
2- Cach tién hanh phin ing Ox-Kh phat sinh dong dién:
Phan g oxy héa khir trén c6 thé tién hanh bang 2 cach:
e Truc tiép: nhung thanh Zn vao dung dich CuSOs, sy trao ddi e truc tiép tur
Zn sang Cu®".Héa nang chuyén thanh nhiét niang (AH).
e Gian tiép: c6 mot soi day dan ndi gitra Zn voi CuSOs, sy trao ddi e tir Zn
sang Cu'thong qua day dan: phat sinh dong dién. Hoa ning chuyén thanh
dién nang (pin cé suc dién dong E).

II. PIEN CUC :

1. Dién cwe kim loai:

i = hydraed MO taz 12 hé théng gdbm mot thanh kim loai nhung vao dung dich
- / ions  muoi cua nod. Trong hé dong thoi xay ra hai qua trinh :

é 15 s l - Céc cation kim loai ¢ nit mang tinh thé trén bé mit thanh kim
- + — © loai do chuyén dong nhiét va do sy hydrat hoa cuia cac phan tu

nudc s€ chuyén vao dung dich dé€ lai cac electron trén bé mat
water molecules

r thanh kim loai:
_J| > M, —ne, ->M"".
Hjnh ] L/.-.- de dc dd

- Céc cation trong dung dich chuyén dong, va cham voi bé mat
thanh kim loai, nhan electron trén thanh kim loai va két tia trén do:

n+
M, +ne, ->M, .

Khi hé dat trang thai can bang, tiy thudc vao ban chat ciia kim loai va nong do cua ion
M"™ trong dung dich ma bé mat thanh kim loai c6 thé tich dién 4m hodc duong. Do lyc hut
tinh dién, cac ion tich dién trai ddu v6i bé mat thanh kim loai s& b hut, tao thanh mét 16p tich
dién trai ddu. Nhu vay, gitra thanh kim loai va dung dich da xuét hién mot [6p dién tich kép.

Hinh 16.2. Qua trinh hinh thanh [0p dién tich kép

Hiéu dién thé cua 16p dién tich kép dic trung cho kha ning nhudng va nhan electron
cua kim loai lam dién cuc va duoc goi la thé dién cuc kim loai.

Thé dién cuc kim loai ki hiéu: Py
M

Néu ndng do cation bang 1 mol/l, ta c6 thé dién cuc tiéu chuin gofﬂy V
M
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Chuong XVI: Dign Héa Hoc Nguyén Minh Kha
Vidu: Zn-2e——>7n"" ,goz vy = =-0,74V
Zn
* Thé dién cuc khéng thé do truc tiép, nhing cé thé xdc dinh dé chénh léch ciia né voi

mét dién cue chudn lam dién cuee so sanh. Pién cuc chudn thieong ldy la dién cuc hydro tiéu
chudn.

Dién cuc hydro ti€u chuén 1a dién cyc hydro lam viéc ¢ di€u kién: a,. =1mol/l,
py, =latm. Quy udc thé dién cuc cua dién cyc hydro tiéu chudn & moi nhiét do

° =0,00V

iy,

2. Pién cuc oxy hoa - khir.

Dbién cuc kim loai nhu trén hoat dong theo nguyén ly:
Mdc _nedc —)M;L;
Trong do, chat khir chinh 13 kim loai lam dién cuc.

Ngoai ra, con mdt loai dién cuc thr hai ma trong do ca hai dang oxi hoa va khu lién
hop déu ¢ dang hoa tan trong dung dich;

Vi du: Mn?* + 12 H,O = MnO4* + 8 H;0O" + 5¢

Trong truong hop nay, nguoi ta nhiing mot dién cuc tro (vi du: Pt, grafit) vao dung
dich c6 chtra dong thoi ca hai dang oxy hoéa va khur 1ién hop trén. Pién cuc tro khong c6 kha
nang tan vao dung dich, n6 chi c6 tac dung chuyén electron. Trong h¢ ciing x4y ra hai qua
trinh:

- Dang khtr va cham véi di¢n cuc, nhuong electron cho dién cuc.

- Dang oxy hoéa s€ nhan electron tur di¢n cuec.

Khi trang thai can béng thiét lap, trén bé mat dién cuc cling xuét hién 16p dién tich
kép. Gia tri cia 16p dién tich kép c¢6 thé am hay duong phu thudc vao kha nang nhuong nhan
electron cua cdp oxy hoda - khir va nong d¢ cta chung trong dung dich. Hi¢u dién thé nay goi
1a theé oxy hoa - khi.

Thé kim logi va thé oxy héa - khir déu dic trung cho kha nang nhuong nhén electron
cua cdp oxy hoa - khur; chung duoc goi chung la thé oxy hoa - khur.

III. NGUYEN TO GANVANIC

1. Pinh nghia: nguyén t6 Ganvanic 1a mot thiét bi bién hoéa ning ctia phan tng oxy hoa - khir
thanh dién nang.

2. Chu tao: Ciu tao cla nguyén t& Ganvanic gém hai dién cuc ndi v&i nhau béi mot day dan.
O day, chat oxy hoa va chat khir khong tiép xuc truc tiép voi nhau, qué trinh oxy hoa va khir
xay ra & hai noi khac nhau trong khéng gian, electron duoc chuyén tir chit khir dén chét oxy
hoa thong qua day dan.

3. Hoat dong:
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Chuwong XVI: Dién Héa Hoc Nguyén Minh Kha

- Xét nguyén té6 Ganvanic Cu — Zn:

Ta c6 thé dién cuc ti€éu chuan cua dién cuc Cu va Zn:
0
w 2+
Cu %u

gogn% =-0.74,V

=+0.34,1
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Chwong VI: Nhiét hoa hoc Ngugén Minh Kha

Zinc atom, Zinc ion,

— Electrons | _

Voltmeter

| Metallic
| zine 3
/| electrode E (5% )
' - agar)
Az, % f//J) Salt bridge
. :Jﬁ Copper
ijL:]lfa;S P e —— | > atom, Cu
504 == 1 | .
| M CuSOy
o
Zn— Zn® + 2 Co?* + 26— Cu
Oxidation, anode Reduction, cathode

Hinh 16.4. Hoat dong cua pin Cu — Zn

Khi dong mach electron sé chuyén tr dién cuc Zn sang dién cyc Cu, lam pha vo
can bﬁng cua cac 16p dién tich kép trén hai di¢n. Dé thiét 1ap lai can bﬁng, trén dién cuc
am s& xdy ra qué trinh oxy hoa (Zn — 2e — Zn?": cuc am la anod). Nhu viy Zn sé tan ra,
dé lai electron trén dién cuc. Con trén cuc duong s& xay ra qua trinh khir (Cu?** + 2e —
Cu: cuc duong 1a catod), ion Cu®* tir dung dich s& dén dién cuc nhén electron. Nhu vay,
can bang cua 10p dién tich kép trén hai dién cuc duoc khoi phuc va qua trinh chuyén
electron lai xday ra. Nhu vay, trong h¢ da sinh ra m¢t dong dién nho phan ing oxy hoda -
khtr xay ra trén hai di¢n cuc.

4. Ky hiéu nguyén té6 Ganvanic:
() Zn | zn?" | | cu?* | Cu(#)

5. Sitc dién dong ciia nguyén t6 Ganvanic E.

E 13 hiéu dién thé cuc dai xuét hién gitra hai dién cuc khi nguyén t& Ganvanic hoat
dong thuan nghich, nghia la phan ung oxy hoa - khtr dién ra thuan nghich (nhiét dong).

Giita strc dién dong E ciia pin va bién thién thé dang ap c6 mdi lién hé:
AG = - nFE|

e n- s6 duong lugng gam chét da tham gia phan tng, néu chi tinh cho 1 mol
chat tham gia phéan ng thi
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Chuwong VI: Nhiét hoa hoc Ngugén Minh Kha

e F =96484 C( hang s Faraday)

Xét nguyén té6 Ganvanic hoat dong thuan nghich dua trén phan tmg oxy hoa - khir
tong quat:

aKh; + bOx; = cOx; + dKhy

c d
AG = AG" + RT In K
Kh!Ox,
c d
—nFE =—RT In K + RT anx'—Kth
Kh!Ox;
d
g Ry BT, 0K
nF nF  Kh'Ox}

O diéu kién tiéu chuan, nong do tat ca cac chat bang 1 mol/l thi:

RT
e E'=—"InK
nk

e AG’=-nFE/,

e E°—sitc dién dong tiéu chudn
RT Ox{Kh{
nF  Kh/ Ox2

Do do6: E=E"—

IV. THE PIEN CUC TIEU CHUAN

Thé dién cuc cua mot dién cuc bat ky 1a dai lugng béng hiéu dién thé cua nd so véi
dién cyc tiéu chuan. No6i cach khac, thé dién cuc ciia mot dién cuc co gia tri béng stc dién
dong cua nguyén t6 Ganvanic tao thanh tir dién cuc dé va dién cuc so sanh, thuong léy
dién cyc hydro lam dién cuc tiéu chuén.

Strc dién dong cua nguyén to Ganvanic:

c d
p_po R OxKI
nF  Kh'Ox}
o RT | Ox{Kh
b, —Q (0+ (0_ nF KR 0x2
o O+Eln0xlc B 0+RT Ox}
RS A Kh! N Khd
RT . [O . g
+»» Phwong trinh Nernst: qo:goo+—1nM Khi thay céc gia tri:
nF  [Kh]
e T=298K,

e R=8.314J/mol K,
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Chuwong VI: Nhiét hoa hoc Ngugén Minh Kha

e F=96500C
=> Phuong trinh Nernst: ¢=¢°+Ml 2]
[Kh]
o Ap dung phwong trinh Nernst:
» Dién cuc kim loai: Cu?t+2e = Cu.
0 0059 [Cu*] . 0059 0059 1 ..
A A elcul+ == 1glcu*]
pat o' =¢" -2 1ca] = |p=p e leleu]
» Caip oxy hoéa khir: Fe’" + e = Fe?'

3+
), 0059 g[Fe2 ]
1 [Fe™]

» Cap oxy héa khir c6 méi trwong tham gia: MnO4+5¢ +8H™ = Mn2™+ 4H,0

_ g 4 0059 g[Mno Nz T

5 [Mn*"]
> Dién cuc hydro: 2H"+ 2e =H>
0 0059 [H'F  , 0059 .
= +—Ilg——= ———1lg|H, |+0.0591g|H
p=¢’+— g = glH,] olH]

Dit ¢ = " _&2591 [#1,]=0.00 V (Vi la thé dién cuc hydrd tidu chuin)

=> ¢ =0.0591g[H" |=-0,059(-1g|H*]) => [p=—0,059pH
=> Néu la dién cyc hydrd tiéu chuan c6 [H] = 1M => pH = 0 => ¢° = 0.00V

*Quy wdc vé dau cua thé dién cuc ¢:

Theo tieu chuan chau Au:

Thé dién cuc ciia mot dién cuc 1a hiéu dién thé cua dién cuc d6 so vai dién cuc
hydro tiéu chuén. ¢ cua moi dién cuc & diéu kién nhat dinh s& c6 dau xéac dinh, phu thude
vao ban chit dién cuc so véi dién cuc hydro tiéu chuan; @ khéng phu thude vao chiéu viét
qua trinh dién cyec.

Vi du: Zn—2e - Zn*" o) .. =—0,763V
Zn** +2e—>7Zn @), =~ =-0763V

Theo tiéu chudn chdu My:

Dau cua ¢ phai c6 y nghia nhiét dong, nd1 1én kha ndng xay ra cta qua trinh dién
cuc: dau cua ¢ phu thudc vao chi€u viét qué trinh dién cuc.

Vi du: Zn—ne — Zn** @) . =+0,763V (chiéu oxy héa: dau +)
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Chuwong VI: Nhiét hoa hoc Ngugén Minh Kha

Zn*" +ne = Zn @, .., , =—0763V (chiéu khur: dau - )

V. CHIEU CUA PHAN UNG OXI HOA — KHU:

Xét cac cap oxy hoa - khir véi thé dién cuc tuong Ung:

Ox1 + ne = Kh; O

0Ox; + ne = Kh, 02

Chiui y: Gia tri cia ¢ cang > 0 thi dang(Ox) cua cap do cé tinh oxy hoa cang manh.

Gid tri cta ¢ cang < 0 thi dang (Kh) cua cap do co tinh khur cang manh.
Phén tmg néu c6 khi tron cac cip ndy voi nhau:
Kh; + Ox2 5 Ox; + Kh
Phan (g sé& xay ra theo chiéu thuan khi AG < 0
AG = -nFE = -nF(¢2 - 1) <0
¢2-¢1>0
02> Q1

*Quy tac nhdn biét chiéu dién ra cua cac phan wng oxy hoa - khu:

Phan tmg oxy héa khir xay ra theo chiéu dang oxy héa cta cip co thé dién cuc 16n

hon sé& oxy hoa dang khtr ctia cap oxy hoa - khir ¢6 thé dién cuc nho hon.
VI. SU PIEN PHAN: (SGK)

Eau de

Anode Cathode
a} ' TH
g

Saumre - S . - HaOH
diluée wers

¥ - —
concentration

vers ciroat de

- Sanmire
concentmbion dibage ves
concentration vers cirewt de
concentation

Sannmure
sahuee

Sarmre

= £ saturee

= —» -
1,0 ou soude H,0 ou scude
diluee dihuda

Hinh 16.5. Dién phan dung dich NaCl co va khong cé man ngan
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