CHUGONG 3: NHIET BPONG LUC
HOC CUA CAC
QUA TRINH HOA HOC

(Théi lugng: 6t LT + 2t BT)
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1. Cac khai niém — Hé va mai truéng
Hé 1a tap hdp cac vat thé x4c dinh trong khong
gian nao d6 va phan con lai xung quanh 13 moi
truong
Po6i véi hoa hoc, hé 1a lugng nhat dinh cia mot
hay nhi€u chat & di€éu kién nhiét do, 4p suit,

nong do nao doé.
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1. Cac khai niéem — Hé va moi trucng
s* Cac loai hé:
= ¢ hé: 12 hé co sy trao doi chat va ning lugng véi
mo1 truGng bén ngoai.
=H¢ kin: chi c¢6 sy trao d6i ning lugng véi moi
truéng bén ngoai.
= H¢ ¢6 ldp: 13 hé khong c6 su trao doi chat hoic

nang lugng vé1 mo1 truGng bén ngoai.
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1. Cac khai niéem - He va moi truéng

Hé dong thé: hé cé cdc tinh chat 1y héa
gidng nhau & moi diém cla hé (nghia 1a
khong c6 bé mit phan chia hé thanh nhitng

phan ¢6 tinh chit héa 1y khic nhau)

Hé di thé: trong hé c6 bé mit phan chia
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1. Cac khai niem — He va moéi truong
Pha: phan dong thé clia hé di thé, c6 thanh phan
ciu tao, tinh chat nhat dinh va dugc phan chia véi
cdc phan khic bing bé mit phan chia ndo d6 (bé
mat phan chia pha).
Hé can bing: hé c6 nhiét do, dp suit, thanh phan
gidng nhau § moi di€m clda hé va khong thay doi

theo thdsi1 gian
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1. Cac khai niém - Trang thai cua hé

* Trang théi cua hé dudc xdc dinh bang tip hgp cdc thong
s6 bi€u dién cdc tinh chat Iy héa cia hé nhu nhiét do, ap
sut, thé tich, thanh phan, ning luong

= Thong sO dung do: 1a nhirng thong so ty 1€ véi lugng chit
nhu thé tich, khoi luong, s6 mol,...

= Thong sO cudng do: 1a nhitng thong s6 khong phu thudc
vao lugng chit nhu nhiét dd, 4p sudt, thinh phan, khoi
lugng ri€ng,...

 Him trang thdi: 1a dai lugng nhi€t ddng c6 gia tri chi phu
thudc vao cdc thong so trang thdi cia hé; khong phu thudc
vao dudng di cda hé (cdch bién doi clia hé)


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

1. Cac khai niém - Qua trinh
* Qud trinh: 13 su bi€n d6i x4y ra trong hé gin lién
vdi su thay doi clia it nhat 1 thong so trang thai.
Qué trinh P =const ding 4p
V =const dang tich
T =const ding nhiét

* Qua trinh thuan nghich: 1a qua trinh xay ra theo 2
chiéu ngudc nhau trong cing mot diéu kién

 Qua trinh bat thuin nghich: qud trinh x4y ra theo
mot chiéu ma khong can tiéu ton cong bén ngoai

7
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1. Cac khai niém — Nang lugng, Qva A

Ning lugng 12 thuéc d6 su chuyén dong cla cic
chat

Nhiét 12 thugc do su chuyén dong nhiét hdn loan
clia cdc ti€u phan tao nén hé.

Cong 1a thudc do su chuyén ddng cé trat tu, cd
hudng clia cdc ti€u phan trong trudng luc.
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2. Nguyén ly thi nhat cta

nhiét dong hoc

2.1 Khai niém ndi nang U va cong A
2.2 Phat biéu nguyén ly thi nhat
2.3 Nhiét dang tich, nhiét dang ap

2.4 Ap dung nguyén ly 1
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2.1 Khai niém ndi nang

3 Ning ludng toan phan E ca hé bao gom:

bong ning cua toan hé (E,)
Thé ning cta toan hé (E,)
Ning luong sin c6, 4n dau bén trong (U)
m==) E=EFE,+E+U
O N&u hé khong chuyén dong, E; =0

0 Néu tuong tdc cua modi trudng doi véi hé nhd va khong

doi, E, =0
mmm) E=U

U dudgc goi 1a ndi ndng cua hé.

10
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2.1 Khai niém ndi nang
= L3 ning luong sdn c6 an dau bén trong hé
» La dai lugng ning lugng xac dinh trang thai cua
he
= L3 thong sO dung do.
* La mOt ham trang thai.
= P bién d6i ndi ning khi hé chuyén tir trang th4i 1

sang trang thai 2 :
A T T — T T _ T T https//fb.comvtailieudientucntt 11


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

2.1 Khai niém cong A

Poi v6i cdc qud trinh hda v,
hoc cong A la cong dian nd > A = Jpav
chong la1 ap suat bén ngoai. v,

{1. Qua trinh dang tich J

[V = const}

12
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2.1 Khai niém cong A

{2. Qua trinh dang 4p ]

MP = const]

, L \
A=P(V,-V,) =PAV

Qud trinh xay ra trong N€u qud trinh x4y ra
hé¢ khi ly tudng va trong hé néng chdy,
T = const

—) PV =nRT
== A =P AV =AnRT
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2.1 Khai niém coéng A (tham khao thém)
{3. Qua trinh dang nhiét trong hé khi Iy tuéng J

b ViT =constva P,V, =P,V, nén: )

V2 V2
B I B InRT B V2 B Pl
A~ JPdV — dvV " nRT In —  nRT In —
V V P

vV, 1 2

vy

[4. Qu4 trinh dun néng hay lam lanh dang ap n}
mol Kkhi 1y tuong:

L A=PAV=nRAT

14
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2.2 Nguyén ly | nhiét dong hoc

Nguyén 1y I: “N€u trong qud trinh ndo d6 ma cé
mot dang ning lugng da mat di thi thay cho né phai
c6 mot dang ning lugng khic xuit hién vdi lugng
tuong duong nghi€ém ngat”.

Khi cung cdp cho hé mot lugng nhiét 12 Q thi
lugng nhiét nay dudc dung dé€ lam ting noi

%néng U cla hé va dé thuc hién mot cong A

chong lai cdc luc bén ngoai tic dung 1€n hé.

—
—
https://fb.com/tailieudientucntt

15


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

2.3 Nhiét dang tich — Nhiét dang ap
 Noi nang va nhiét dang tich
G diéu kién ding tich
Vi V=const > dV=0 > A=0

—> Qy = AU =U,-U,

Lugng nhi€t ma hé thu vao trong qua trinh

%dfmg tich Qv dudc dung dé€ ting ndi ning U

uuuuuuuuuuuuuuu m https://fb.com/tailieudientucntt 16
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2.3 Nhiét dang tich — Nhiét dang ap
» Entanpi va nhiét dang ap
J diéu kién dang 4p.

—> Qp=AU + PAV = (U, + PV,) - (U, + PV,)

Q,: nhiét diang 4p
AV: do thay doi thé tich cla cdc chit trong qud
trinh phan Ung
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Entanpi va nhiét dang ap
= H I tinh chat cda hé.
* H la da1 luong nang luong xac dinh trang thai
cia hé, 1a thong s6 dung do, va 1a ham trang

thai.
= H dugc goi la entapi

A 2 e B A < .
— nhi€t dang ap Qp bang do ting entalpt AH

18
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2.4 Ap dung nguyén ly 1 vao hoa hoc -
Nhiét hoa hoc

2.4.1 Hi¢u ung nhiét cua phan ing
2.4.2 Pinh luat Hess va hé qua

2.4.3 Su phu thudc cua hiéu wng nhiét
vao nhiét do

19
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2.4.1 Hiéu ung nhiét cua phan Gng héa hoc

a. D0 tang ndi ning, do tang entanpi va hiéu @wng nhiét

Lugng nhi€t ma
hé trao doi trong
cic qua trinh

héa hoc dudgc
dung dé:

Bi€n doi (ting
hay giam) no0i
nang AU

Bi€n do6i (ting
hay giam) entanpi

HIEU UNG NHIET

AH

20
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a. D0 tang ndi ning, do tang entanpi va hiéu @ng nhiét

A o A NE A e -
D0 bi€n do1 nd1 nang

Hiéu tng nhiét - 6t
1I€u uUng nhie (hi€u Ung nhi€t dang tich)

cua cac qua
trinh hdéa hoc g

dugc xac dinh D6 bién doi entalpi
bing: (hiéu tng nhiét ding 4p)

Céac qua trinh phan &ng héa hoc thuong xay
ra ¢ ap suat khong doi nén thuong duge xac
dinh bing AH

21
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a. b6 tang ndi nang, do tang entanpi va hiéu ung nhiét

3 Cha y dén moi lién hé giita AH va AU

Phan tng chi cé
chat 16ng va rin
tham gia

AV = () AH = AU

v

Phan tUng co6
chit khi tham— AH =AU + PAV = AU + AnRT
gia:

Chi tinh cho chat khi

22
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b. Hiéu ting nhiét tiéu chuan
Hiéu ving nhiét tiéu chudn: dai luong dudc tinh

vSi 1 mol chat va tuong Gng diéu kién chuin 13 4p

suat 1 atm, nhiét 6 thudng 14y 1a 25°C.

d Ky hiéu AH°,, hay AH°

L L \ 2/ ~ 2’ A2 ge A
[ So liéu nay co thé tra trong cac bang so liéu

23
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c. Nhiét tao thanh va nhiét dét chay
Nhiét tao thanh la hi€u tng nhiét cua phan tng

tao thanh 1 mol chit tir cdc don chat & trang thdi

tv do bén vitng nhit trong nhitng di€u kién da

cho vé 4p suat va nhiét do.
Vi du: AH g cyo (1) = -157,3 kd/mol
Cu+%0,=CuO

Nhiét tao thanh tiéu chuan (ky hi€u AHC,q , clia cdc don

chiat bén dugc quy uGc bang khong

24
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c. Nhiét tao thanh va nhiét dét chay

Nhiét dot chdy ctia mot chat 13 hiéu tng nhiét

cia phdn ng dot chiay biang oxy 1 mol chat dé

tao thanh cdc oxyt cao bén & di€u kién phan ng
Nhiét dot chdy tiéu chuan ky hiéu: AHC

26
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Phu luc 3. NHIET POT CHAY TIEU CHUAN AHjg4. (kd/mol)
CUA MOT SO CHAT HUU cO

7 AR S i in?s‘dlfbcomlt i i

Chat AH2ogde Chat AH298de
Hydrocacbon Rugu
CH, (k) 890,35 |CH3OH (1) -725,71
CzH; (k) ~1298,88 | C2HsOH (1) -1367,58
CaHg (k) -1411,14 CzHa(O}j)g( l) -1189,6
CoHeg (k) ~1559,8 | CaHs(OH)3 (/) -1656,27
CaHg (k) _2058,44 | CgHsOH (r) -1170,77
CaHyp (k) -2876,71  |Andehyt, Xeton, Ete Este
i- CgHy o (K) _2868,87 '
CsHy2 (1) -3536,11  |HCOOH (k) -S63.46
CeHg (1) | -3267.62 CHyCHO (1) 9 -ﬂqe 02 |
xyclo- CgHyz (1) _3919,.82 | CHCOCH; (1) @HQMMMM
| CeHsCH3 (1) ., cugcoocm (n -wem
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d. Phucong trinh nhiét hoa hoc
» La phuong trinh phan tng héa hoc c6 ghi kem
theo hi€u ung nhiét:
= dau () vGi phdn Ung phat nhiét (chi sy gidm
entanpi)
* dau (+) v6i phdn Ung thu nhiét (chi sy ting
entanpi cua hé)
» Ngoai ra con ghi cac ky hi€u chi trang thai cua
cdc chat trong phdn tng : r (rdn), [ (16ng), k (khi),
dd (dung dich), gr (graphit) ...

Zn(r) + 2HCI(dd) = ZnCl, (dd) + Hypyp  AHpe = 152,57 kJ

— o 0 —

28
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d. Phuong trinh nhiét héa hoc
Zn(r) + 2HCI(dd) = ZnCl, (dd);  AHCqe=-152,57 k]

0) .

Piéu kién xdy ra phan @ng dua trén hiéu ¥ng nhiét:

0 nhfi’ng nhi€ét do binh thu’(‘)’ng phan tng phat

nhiét c6 kha nang tu Xay ra, con phan ung thu
nhiét khong thé ty xdy ra, mudn x4y ra phdi
tiéu tOn ning lugng.

J nhiét do cao, quy luat nay khong ding ntra

29
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2.4.2 Cac dinh luat nhiét héa hoc va hé qua

“ Dinh luat Lavoiser — Laplace
Luong nhiét dugc hap thu khi mot chat phan
hiy thanh cdc nguyén t6 bing lugng nhiét phat

ra khi tao thanh hgp chit do tir cdc nguyén to.

B H, (K)+ %L (k)=HI (k) AH, = +26,48 kJ/mol

HI (k)=%H, k) + %L, (k)  AH®q=-26,48 kJ/mol

30


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

Dinh luat Hess
Hiéu tng nhiét cua phan tng héa hoc chi phu thudc
vao ban chit va trang thdi cGia cdc chat dau va sin
phim cudi cht khong phu thudc vao dudng di cia
phdn ¢ng, nghia 1a khong phu thudc vao s, dic di€m
cua cac giai doan trung gian

* He qua:
e Hé qud I: Hiéu G¢ng nhiét clia phin G¢ng bing tong
nhiét tao thanh cia cic san phdm phin tng trir di
tong nhiét tao thanh cta cdc chat dau.

e Hé qui II: Hiéu ¢ng nhiét clia phin ¢ng bing tong
nhiét dot chdy cla cic chit dau trir di tong nhiét dot
chdy ctia cdc sdn pham phdn Gng

ngThanCong.com https://fb.com/tailieudientucntt
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Vi du:
P61 v6i phdn tng tdng quat:
aA + bB = ¢cC + dD

AH = ZAHtt,sp — ZAHtt,cd =
[cAH, . + dAH,] — [aAH, + bDAH ]
AH — ZAHdC,Cd_ ZAH

dc,sp =

[aAH ., + DAH, 5] — [cAH4 . + dAH 4 5]

32
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Tinh hiéu Ung nhiét phan Gng hdéa hoc

O diéu kién chuan

» Trong truGng hdp nay st dung nhiét tao thanh,
nhiét dot chdy tiéu chuin

Vi du I: Xac dinh AH cuia phan tng
C(gr) + 20,(k) = CO(k),
Cho biét:

C(gr) + 0,(k) = CO,(k), AH °= -393.51 kJ/mol
(1)

CO(k) + ¥20,(k) = CO,(k), AH ?2 = -282,99 ki/mol
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AH ©

C(gr) — CO,(K)
Af\ A o
cok

TU sd do chuyén héa, theo dinh luat Hess:

Vay:
AH®qgg = AH°, - AH°
= —-94,1 + 67,74 =—- 126,46 kcal

34
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Vidu 2: Xac dinh hi€u tng nhiét cua phan tng

CaCO, (r) = CaO (1) + CO, (k)

AH®y kJ/mol . 1206,92 -635,09 -393,51
AH o = AoO -+ AH 0 — AH 0

298 298 ttCaO 298 ttCO 298 ttCaCO

=-635,09 — 393,51 — (- 1206,92) = 178,32 kJ/mol
Vidu 3:
Xac dinh hiéu tng nhiét cua phan tng:

3

CH,COOH(!) + C,H,OH(/) = CH,COOC,H.(/) + H,0(])

AH%., -874,58 -1367,58 -2238,36 0
kJ/mol

35
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2.3.4 Su phu thudéc cua hiéu ing nhiét vao
nhiét do

e Tinh chinh xac: hiéu 'ng nhiét theo nhiét do:
dua trén phuong trinh Kirchoff:

AH, = AH, + | Ac ar = AH, +ACp (T,-T))

C, la nhiet dung mol dang ap.

Vi du: Tinh hiéu ng nhiét ciia phan Gng sau § 398°K:
NO(k) + 1/20, = NO,(k), bi€t AH%4, = - 57,07 kJ/mol va
nhiét dung mol dang dp cia NO, O, NO, tuong tng la
29,84;29,36; 37,2 J/mol.dd

36
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CuuDuongThanCorL.oom

——— .

. A, (25°C) §°(25°C) s (28°C) 39'2:'@*-1

| kJ mol! J'mo|’1.d(°-‘ kJ mol J.mol~".d¢

| Catpm ~186.20 42,00 -147.20

| Calm) 635,09 39.75 604,05 42,80
CaS(r) 482,40 66,50 477,40 47,40
CacOH), () 986,09 83.39 898,56 87,49
Cafmn -1219,60 6887 | 116730 67.03
CaClyn) -795,80 104,60 ,‘ - -748,10 72,59
CaBgir) -682,80 130,00 s -663,60
Calyr) -533,50 142,00 -528,90
CaiNO; ), () -938,39 193,30 -743,20 149,37
CaC,(r) -59,80 69,96 -64,90 oa.nj
CaCOj (r. calcite) 1206.92 92,90 1128,84 5 81,88
CaCOj, (r, aragontite) -1207,13 88,70 -1127,80 125
CaSO,(n) -1434.11 106,90
Casiogm ~1634,94 81,92

 CaMg(COg); (r, dolomite) i lf:-’%:

¥ e - 0,00 52,30

it — Toado | 16481 |
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2.3.4 Su phu thudéc cua hiéu ung nhiét vao
nhiét do

e Tinh gan dung:

Khi x4c dinh gan ding hi€u ng nhiét 3 nhiét do

khic chuan van dua vao cdc dai lugng nhiét tao

thanh, dot chdy tiéu chuén dé tinh.

38
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Vidu: Tinh AH;4 cua phan Gng

COk) + %20,(k) = CO,k)
Cp (cal/mol.dd) 6,97 7,02 8,88
AH°,,, (kcal/mol) -26, 42 —94,10

e Gan ding:
AH;ge = AH®, g = —94,10 — (-26,42)
= — 67,68 kcal/mol .
e Chinh xac:
AHyoq = AH ¢ +[ (8,88 — 6,97—-7.02/2)(398-298)] x 103 =
— 67,84 kcal/mol.

39
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Moi lién hé gitta AH va AU?

2 ZnS(r) + 30, (k) — 2ZnO(r) + 2S0,(K)
AH®, (kJ/mol) 205,6 3483 -296,8

Tinh AH, AUcua phan rng trén & diéu

kién chuan (25°C, 1 atm)?

40
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Moi lién hé gitta AH va AU?

2KClO,4(r) — 2KCl (1) + 30,(k), AH®,¢ = - 21, 35 kcal
AH®,  -93,5 a="?
(kcal/mol)

Tinh a, AU cua phan wng

trén ¢ diéu kién chuan (25°C, 1 atm)?

41
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3. Nguyén ly Il va entropi (S)

42
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3.1 Phat biéu nguyén ly I

Nguyén 1y II: Nhiét khong thé tu chuyén tir vat

thé ngudi hon sang vat thé néng hon.

43
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3.2 Khai niém vé entropi

Viéc ap dung nguyén ly II kh3o sdt su trao doi

n
~
n

hiét cia hé v6i moéi trudng trong qua trinh hé
huyén tir trang th4i nhiét do cao T, sang trang thdi

hiét do thap T, 1am xuit hién dai lugng nhiét dong

Entrop1 S

Lugng nhiét Q ma hé trao doi lién quan véi su bién
doi entropi cia hé va véi nhiét dd tai d6 xay ra su
trao doO1 nhiét. DAau = x4y ra khi qud

trinh la thuan nghich

| > AS=S,-S,>2
T

44

Bi€u thic todn hoc
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Entropi va chiéu dién ra cia cac qua trinh
trong hé co lap

H¢ co lapnén Q =0, nén AS >0
N€u qud trinh thuin nghich thi AS =0

N€u qué trinh bat thuan nghich AS > 0 nghia 1a
entropi cua hé tiang.

Trong hé co lip nhirfng qua trinh ty
@) xay ra 1a nhitng qui trinh ¢6 kém
theo sy tang entropi.
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Y nghia vat ly cta entropi

e Entropi 13 thudc do do hon loan cta hé (S ting dod
hon loan ting).

eEntropi 12 thuGc do xdc suat trang thdi ctia hé (S
tdng xac sult trang thai tang).

> X4c suat trang thdi clia hé 14 tong sO trang thii
cla cdc ti€u phin tao nén trang thdi toan hé trong
thdi di€m da chon.

> X4c suat trang thdi 12 mot dai lugng dugc dung dé
néi 1én khd ning xdy ra cua qud trinh. Xdc suit 16n
thi qud trinh c6 nhi€u kha ning x4y ra.
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Entropi tiéu chuan

Entropi tiéu chuin S: tuong Gng di€u kién 25°C,
1 atm, khi 13 khi Iy twéng, dung dich ¢6 nong do

1 don vi1 (1 mol/Iit).

Pon vi tinh Entropi: J/mol.d0 hay cal/mol.d6
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CuuDuongThanCorL.oom

——— .

. A, (25°C) §°(25°C) s (28°C) 39'2:'@*-1

| kJ mol! J'mo|’1.d(°-‘ kJ mol J.mol~".d¢

| Catpm ~186.20 42,00 -147.20

| Calm) 635,09 39.75 604,05 42,80
CaS(r) 482,40 66,50 477,40 47,40
CacOH), () 986,09 83.39 898,56 87,49
Cafmn -1219,60 6887 | 116730 67.03
CaClyn) -795,80 104,60 ,‘ - -748,10 72,59
CaBgir) -682,80 130,00 s -663,60
Calyr) -533,50 142,00 -528,90
CaiNO; ), () -938,39 193,30 -743,20 149,37
CaC,(r) -59,80 69,96 -64,90 oa.nj
CaCOj (r. calcite) 1206.92 92,90 1128,84 5 81,88
CaCOj, (r, aragontite) -1207,13 88,70 -1127,80 125
CaSO,(n) -1434.11 106,90
Casiogm ~1634,94 81,92

 CaMg(COg); (r, dolomite) i lf:-’%:

¥ e - 0,00 52,30

it — Toado | 16481 |
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Cac dac diém cula entropi

» L3 dai lugng xdc dinh trang thai cua hé

" La dai lugng dung do, khong phu thudc vao
dudng di cua qua trinh.

" Nhi€t d0 tdng lam tang entropi

= Ap suat ting 1am gidm entropi

» Hé cang phitc tap, phin t0 cang phic tap thi
entropi cang 16n.

* Cung mOt chat thi cdc trang thdir, 1, k s& ¢6
entropy kh4c nhau va ting dan lén.

= Nhiét d0 va d4p sudt c6 anh hudng 16n dén
entropy
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3.3 Tinh do bién doi entropi cua
phan ung héa hoc

Pinh tinh: dva vao su bién doi thé tich clia phdn
utng AV>0 — AS>0;

AV <0 — AS <O0;
AV=0 - AS=0
Vidu :

C(gr) + CO,(k) = 2CO(k) AV =2V — 1V > 0 — AS>0
N, (k) + 3H,(k) = 2NH,(K)AV = 2V — 4V < 0 —> AS<0
C(gr) + 0,(k) = CO,(k) AV =1V — 1V =0 — AS=0
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Dinh lugng
AS= 2. S, — 2. S.q=(¢Sc +dSp) — (aS, + bSp)
Vi du : Tinh AS cua phan tng sau ¢ 298°K va

1500°K :

C(gr) + CO,k) = 2CO(K)
S°9¢ (cal/mol.dd) 1,37 51,06 4700
S, (cal/mol.dd) 8.0 69,80 59,50
O 298°K:
AS,os = 2x 47,22 — (1,37 +51,06) = 42,01 dve.
O 1500°K ;

AS ) = 2% 59.50 — (8,0 + 69,80) = 41,20 dve .
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4. THE DPANG AP VA CHIEU XAY RA
CUA CAC QUA TRINH HOA HOC
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4.1 Khai niém vé thé dang ap
Cac yéu td entanpi va entropi ciia qua trinh
>Bdn thAn moi dai lugng nhiét dong H hay S chua

gidi quyét dugc van dé chi€u xdy ra cda qué trinh
» AH phan anh khuynh huéng tap hop

» AS phan anh khuynh huéng phan tan
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»Trong cidc qua trinh héa hoc: khuynh huéng tu
nhién la khuynh huéng giam entanpi AH < 0 va
tdng entrop1 AS.

> AH goi 1a yéu t0 entanpi

> AS goi 12 yéu td entropi
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Thé dang ap va phuong trinh co ban cua
nhiét dong hdéa hoc
D061 v6i cdc qud trinh x4y ra & nhiét dO va ap suat
khong doi, dua vao cdc nguyén 1y I va II, ta co:
G=H-TS
G: thé ddng dp ddng nhiét hay don gidn thé ddng

dp (con dudc goi la ndng luong tu do Gibbs).
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Pic diém cua thé dang ap:

> La tinh chat ctia hé nhuv U, H..., 1a dai ludng ning
luong xac dinh trang thai cua hé, 1a dai lugng dung
do, khong phu thudc vao dudng di cua hé.

>DéE xét chiéu x3y ra clia qué trinh dua vao AG.
Trong qud trinh dang nhiét dang ap:

AG = AH - TAS
> Day la phuong trinh co ban cua nhiét dong luc
hoc, n6 cho phép tinh dudc AG cua ciac qua trinh
xdyra § di€u kién t° = const va P = const.
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Thé dang ap tiéu chuan AG°,,, hay AG®

>Thé diang 4p tiéu chuin 12 dd bi€n ddi thé ding
iap & diéu kién chuin: ndong do6 hoic 4p suit

riéng phan cia moi chat bing 1 don vi (1 mol/lit

hodc 1 atm), chit khi phai 12 khi Iy tudng, chat

rin va 16ng phdi 6 dang da hinh bén.
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Thé dang ap tiéu chuan AG°,,, hay AG°

»>Thé ding 4p tao thanh ti€u chuin clia mot chat
(tinh khi€t) 12 do bi€n doi thé ding 4p cda phin
tng tao thanh 1 mol chit tir cdc don chat dng vdi
trang th4i tu do bén vitng & 4p suat 1 atm, nhiét do
298°K va dugc ky hi€u AG®,g

»>Thé dang 4p tao thanh tiéu chuin cla cdc don

chit bén quy u6c bing 0.
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CuuDuongThanCorL.oom

——— .

. A, (25°C) §°(25°C) s (28°C) 39'2:'@*-1

| kJ mol! J'mo|’1.d(°-‘ kJ mol J.mol~".d¢

| Catpm ~186.20 42,00 -147.20

| Calm) 635,09 39.75 604,05 42,80
CaS(r) 482,40 66,50 477,40 47,40
CacOH), () 986,09 83.39 898,56 87,49
Cafmn -1219,60 6887 | 116730 67.03
CaClyn) -795,80 104,60 ,‘ - -748,10 72,59
CaBgir) -682,80 130,00 s -663,60
Calyr) -533,50 142,00 -528,90
CaiNO; ), () -938,39 193,30 -743,20 149,37
CaC,(r) -59,80 69,96 -64,90 oa.nj
CaCOj (r. calcite) 1206.92 92,90 1128,84 5 81,88
CaCOj, (r, aragontite) -1207,13 88,70 -1127,80 125
CaSO,(n) -1434.11 106,90
Casiogm ~1634,94 81,92

 CaMg(COg); (r, dolomite) i lf:-’%:

¥ e - 0,00 52,30

it — Toado | 16481 |
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4.2 D6 bien doi thé dang ap va diéu kién
Xay ra cua cac qua trinh héa hoc

Ly thuyét nhiét dong chitng minh ring: A _=- AG
A_ 1a cOng co ich cyc dai hé thuc hi€n dudgc trong
qua trinh thuidn nghich.

Do do:
+ Qua trinh tv xay ra khi A_>0 < AG <0
+ Qua trinh khong xayrakhi A_<0 < AG >0
+ Khi AG =0 hé can bing bén viing
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Anh hudng ctia nhiét dé dén chiéu dién ra
cua cac qua trinh héa hoc

O nhiét do thap (= 0°K):

>»TAS ~0 > AG = AH, diu AG dudc quyét dinh
bdi dau clia AH, nghia 12 & di€u kién nay cé thé
dua vao hiéu Ung nhiét d€ xét chiéu x4y ra qud

trinh.
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‘)

e U nhiét do cao: vi T ludn ludn ducng nén dau
TAS phu thudc vao AS:

AS > 0: khi1 T cang cao —TAS cang am, qua trinh
cang c6 kha ning xay ra.

AS < 0 : khi T cang cao —TAS cang dudng, qua
trinh cang it c6 kha ning xay ra.

G diéu kién ndy AS chi€m vu th& nén c6 thé

dua vao né xét chiéu qud trinh.
e O nhiét do khong cao khong thap: dva vao cd
AH, AS dé Xetchléu xay ra.
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4.3 Tinh do bién doi thé dang ap cla cac
phan ung héa hoc

PE tinh AG chd y&u dua vao phuong trinh:

AG = AH - TAS

Trong trudng hdp nay khi khoang nhiét @6 khao
sat khong qud 16n, c6 thé st dung truc ti€p AGO,
AS° @€ tinh AG.

Ngoaira cé thé dua vao:

AG: 2 AGttsp - ZAG tted
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Vidu 1:

Cho phan tng :

C(er) + H,0(k) = COK) + H,Kk)
AH0298,tt
(kj/mol) 0 —241,8 —110,5 0
%08
(J/mol.dd) 5,7 188,7 197,9 130,6
AG

(KJ/mol) O —228,6 —137,3 0
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* Tinh ¢ 298°K :
AG%gs = AH%%¢—298 S = (—110,54+241,8) -
298(197,9 +130,6-5,7—-188,7)x10~3 =91,3 kJ/mol
AG®9g = AG®95 co — AG®%95 120
=—137,3 +228,6 = 91,3 kj/mol

“* Tinh ¢ 1000°K :

AG® 500 = AH%¢ —1000 S°,4¢ = 131,3 — 1000 x
134,1x 10— =-2,8 kj/mol

65


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

Vidu 2

Cho phan trng sau tai 25°C:
2KClO,(r) — 2KCI (r) + 30,(k), AH?,,, = - 21, 35 kcal
AH®, (kcal/mol) - 93,5 a=7?
SO (cal/mol.°K) 34.17 19,76 49,003

a. Tinh a, AU, AS, AG ctia phan tng trén & diéu kién chuan
(25°C, 1 atm)?
b. Tim diéu kién nhiét do (°C) ma tai d6 phan ung bat dau xay ra

(xem nhu AH, AS khong phu thudc nhiét do)?
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Vidu3

Cho phan trng sau tai 25°C:
22nS(r) +30, (k) — 2ZnO(r) + 2S0,(Kk)
AH®, (kJ/mol) 205,6 -348,3 -296,8
S? (J/mol.°K) 57,7 205,0 43,64 248,1

a. Tinh AH, AU, AS, AG cua phan tGng trén & diéu kién chuan
(25°C, 1 atm).
b. Tim diéu kién nhiét d6 (°C) ma tai d6 phan Gmg bat dau xay ra theo

chiéu thuan (xem nhu AH, AS khéng phu thudc nhiét do).
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Vidu 4

Cho phan trng sau tai 25°C:
H,S(k) +%2 0, (k) — H,O (k) + S(n)
AH®, (kJ/mol) - 20,63 - 241,82
SO (J/mol.°’K) 205,68 205,03 188,72 31,8

a. Tinh AH, AU, AS, AG cua phan tng trén & diéu kién chuan
(25°C, 1 atm)?
b. Tim diéu kién nhiét do (°C) ma tai d6 phan ung bat dau xay ra

(xem nhu AH, AS khong phu thudc nhiét do)
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THANK YO

CuuDuongThanCong.com

https://fb.com/tailieudientucntt
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