Chuwong VII: Thé Ding Ap Nguyén son Bach

CHUONG vII: THE PANG AP PANG NHIET

VA CHIEU DIEN RA CUA CAC QUA TRINH HOA HQC
I. Qua trinh thuin nghich va bat thuin nghich:

1.Qua trinh thuan nghich: 14 qué trinh c6 thé dién ra dong thoi theo hai chiéu nguogc
nhau trong cung mdt diéu kién, va khi dién ra theo chi€u nghich thi hé cling nhu méi
truong s€ tré vé dang trang thai ban dau ma khong ¢ mot bién d61 nhéd nao.

TD : » Qua trinh dao déng cua con lic khéng cd ma sét.

« Cic qué trinh chuyén pha ctia cac chat 1 cac qua trinh thuan nghich dang nhiét
dang ap: (ndéng chay, dong dac); (bay hoi, ngung tu); (hoa tan , két tinh)...
2.Qua trinh bt thuan nghich: 14 qua trinh khong héi du cac diéu kién trén, co nghia 13
co thé dién ra theo chi€u nghich nhung h¢ va moi truong da bi bién doi, thi du hé da
dugc cung cap cong hodc nhi¢t tir moi truong.

TD : » Qua trinh dao déng cta con lic co ma sat.
« Qua trinh pha loang axit H,SO,dac ...

Trong ty nhién hau hét cac qua trinh tu xay ra déu 12 qua trinh bét thuin nghich, thi du
nhu nudce chdy, gid, khuéch tan khi, truyén nhiét. ..

I1. Nquyén ly Il nhiét dong hocva entropi S:

1. Nguyén Iy 11 nhiét dong hoc:s “Nhiét chi c6 thé truyén tir vit thé cé nhiét dé caohon
sang vdt thé co nhiét do thap hon”. Qua trinh truyén nhiét 1a qua trinh bat thuan nghich.

e Qud trinh truyén nhiét (chuyén nhiét ning thanh cdéc dang nang lwong khdc) khong
bao gio dat hieu suat chuyéen hoa 100% ma luon co mot phan nhiét khong the
chuvén hoa dwoc, phan nhiét nay chi dwoc dung dé truyéen cho vat thé co nhiét do

Ag =2

T

thcfp hon va lam cho vit thé nay bién doi entropy mot lwong la AS, voi:

A e 4 r.e r b) A . = d
Dau “=" tng vdi qua trinh thuan nghich: 4s = [&
T

AL e e r 3 A A . d
Dau “>” ing voi qua trinh bat thusn nghich: 4s > | ©
.

« Néu hé 1a ¢ lap: Q=0 =>AS 20 . Nghia la ddi véi h¢ ¢6 1ap, qua trinh thuan
nghich khong lam bién doi entropy (AS = 0), CON gud trinh bat thudn nghich tw xdy ra
lam tang entropy (AS > 0).

2. Y nghia vt Iy ciia entropi S:

o X¢ét hé théng hai binh cau duoc ndi voi nhau bﬁng mot i’
khoa K. M6t binh chita khi tro He 1a hé khao sat , binh kia ¢
la chéan khoéng. V. W

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

®)
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Chuwong VII: Thé Ding Ap Nguyén son Bach

Trang thai cudi: khéa K mé, khi He khuéch tén ca hai binh.

Nhén xét: hé nhu thé 1a ¢6 1ap, qua trinh khuéch tan khi 1a bat thuan nghich dang
nhiét nén theo nguyén 1y II cOAS > 0( tdng entropy).

Xét murc do hén loan cia céc tiéu phdn trong hé: trang thai cudi hon loan hon
trang thai dau. Qua trinh bat thuan nghich lam tang do hon loan dong nghia voéi
tdng entropy cua h¢.

Vayy nghia 1: entropy S la thwéc do mikc dp hén loan vé trit tw ciia vt chit.

Mit khéc, xét xdc sudt trang théi nhiét dong ciia hé (chinh la tong sé cdch phdn
bé céc hat vi mé tai mot trang thai cua hé hay la téng s6 trang thai vi méco trong
mét trang thdi vi mé): trang thai cudi co xac suét trang thai 16n hon trang thai
dau. Qua trinh bat thuan nghich 1am ting xac suat trang thai dong nghia véi ting
entropy cua hé.

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

Tom lai:Qud trinh bdt thudn nghich tw xdy ra luén kém theo sw ting entropy,
tang xdc sudt trang thdi, tang d¢ hon loan.

Nhan x¢ét vé bién do61 entropy ciia mot s6 qua trinh:

*Cdc qud trinh lam ting dp hén loan ciia hé cé4S > 0 : nong chay, bay hoi, hoa
tan chat ran, pha loang dung dich, phan ing tang s6 mol khi...

*Cdc qud trinh lam gidm dé hon loan ciia hé c64S < 0: dong dic, ngung tu, két
tinh, c6 can dung dich, phan img gidm s6 mol khi...

3.Tinh chit ciia entropi S:

Entropi S 1a dai luong c6 tinh dung d, 1a ham trang thai gidéng nhu U, H
Pon vi: J/mol.Khay cal/mol.K.

Entropi tiéu chuan ( S%sgg) dugc do ¢ cac diéu kién chudn gidng nhur (H%s).
H¢ cang phirc tap, entropi cang lon{TD: Sow< Sozx< Sosw}

Déi véi ciing mét chit.di tiv trang thdi rin— léng—Khi -entropi ting dan.

Nhiét dp ting, dp sudt giam lam ting entropi va ngwoc lgi.

4. Tinh toan vé entropysS:

a) Tinh entropy S tai mét trang thai :

Tinh cho 1 tiéu phin (1 hat vi mo):

_ R
S~ kInW = —hWwW
N

0

Biéu thirc Boltzmann:

Trong d6:  *k: hang sé Boltzmann
*R: hing sb khi (= 8.314 J/mol.K = 1,987 cal/mol.K)
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*No: s6 Avogadro (= 6,023%10%)
*W: x4c sudt trang thai ctia hé.

e Tinhcho 1 mol: Nhan bidu thtrc trén cho N :

e Tinhcho nmol:S = n.R InW,

o Nguyén IV IIINPH(Pinh Iudt Nernst): “Entropi cta cic chit nguyén chat dudi
dang tinh thé hoan hdo & nhiét d¢ khong tuyét doéi =0 .

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

b)Tinh dé bién ddi entropi AS trong cac qua trinh:

e CAc qué trinh thuan nghich: Tinh truc tiép tir NL Il NPH: |4s = —|(cht ¥ d4u)

Q
-

7. } , ) . AH
D6i véi qua trinh dang ap dang nhiét]AS = W _2H

T T
e (éc qua trinh bét thuan nghich;AS = S,-S,

Ap dung:

‘AST(PU) = ZST(SAN PHAM) ~ ZST(CHAT DAU)‘
*Ch0 y:nhén hé so ty lwong

TD: Tinh 4s® va 4s® cua phan Gmg

298 1500

C(gr) +COy(k) — 2CO(k)

Biét: s (J/mol.K) 5.74 213.68 197.54
s (J/mol.K)  33.44 291.76 248.71
Giai:
Ag = 2Xs, (CO)[S,, (C)*T S, (CO )
= 2%197 .54 ~[5.74 T 213 .68]
=175 .66 J / K
As o ~2XAs_(co) [As,, (C)tAs. . (CO )

= 2% 248 .71 ~[33 .44 T 291 .76 ]
=172 223 /K

Nhdn xét: Khi nhiét do ting, AS cta phan tng ting khong dang ké . Do d6, néu khoang
nhiét do thay doi khong qua 16n, mot cach gan ding, c6 thé su dung truc ti€p entropi
tiéu chuan clia cac chat :AS’r = ASg

TD,:TinhAScua quatrinh néng chay va déng dic 1 mol nudc ¢ 0°C va 1 atm, biét nhiét

0 = .
néng chay cua nudc da la AH " = 6007 j/mol
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A~ AHD 6007 (3 /mol ) _
S - - — 22 (J /'molK )

nc

T 273 (K)

Ay O -
H 6007 (J / mol
Ag = ®_ = ( ):_ZZ(J / molK )

“ 273 (K )

TD,: Cdc qud trinh dan né dang nhiét cuia 1 mol khi Iy tuwdng:

w
As=s,7s, “Rh —

TD: Tinh AScua qua trinh din nd dang nhiét 5 mol khi Ar & 25°C tir 4p suét 10 atm dén
1 atm.

Giai: qua trinh nay duoc xem nhu dbi voi khi 1y tudng. ta ¢ :

\
AS =pR In === 1R In L:5X8,3l4 *In10 = 95,72 j/do
Vl pZ

¢) Sw bién ddi entropi theo nhiét dd

v’ Cdc qud trinh ding dp

9Q, T dH ~C dT
Tag P T _F
as =[S - fcp—: fcpdlnT
T T
Tl Tl Tl

Néu khoang nhiét do khong 16n 13m, c6 thé coi Cp khong phuy thudc vao nhiét do

T
As=c i+
T

1

TD: Chos:, cta nuéc 1a 69.89J/mol.K, nhiét dung phan tir dang 4p cua nudc la

298

75.24)/mol.K. Xac dinh entropi tuyét dbi cua nude & 0°C

Ag? =g —g% =¢ |p 28 = 6.59 (J /mol .K)
Giéi: 273 ~ 298 298 273 p 273
s =g’ —Ag? = 69.89 ~ 6.59 = 63.3J /mol .K

273 298 273 ~ 298

v’ Cdc qud trinh ddng tich:  Chtng minh twong tu:  |As = ¢, i Te
T

1

v Thyc té: trong khoang nhiét do bién thién khong 16n 1am c6 thé xem AS
thay doi khong dang ké theo nhiét dd: AS+ =AS,gg
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Chuwong VII: Thé Ding Ap Nguyén son Bach
I1l. THE PANG AP PANG NHIET VA CHIEU DIEN RA CUA PHAN UNG
HOA HOC:

1. Anh hwéng ciia cic yéu t6 enthalpi va entropi 1én chiéu hwéng dién ra ciia cac
qua trinh hdoa hoc

e Tu nguyén Iy I va II thay rang,enthalpi va entropi lahai yéu t0 tac dong 1én chiu
hudng dién ra qua trinh hoa hoc. C6 thé nhan xét rang hai yéu t6 nay tac dong dong thoi
1én h¢, nhung theo hai khuynh huéng trai ngugc nhau.

e V& phuong dién hoa hoc, AH < O(phan tmg phat nhi¢t)khi cac nguyen tu két hop
v6i nhau dé tao thanh cac phan tir véi cac lién két bén viing (yeu t6 enthanpy thuén loi).
Nhung trong truong hop d6 AS <0 vi do hdn loan giam di (yéu td entropi 12 bat loi). Va
nguoc lai. Noi cach khéc, trong mdi qua trinh ludn ludn cé su canh tranh giira hai yéu t6
entanpi (giam nang luong) va entropi (tang do hon loan). Nhu vy chiéu hudng dién ra
ctia qué trinh héa hoc s& duoc quyét dinh boi yéu t6 nao chiém uu thé hon.

e Sucanh tranh cua hai yeu t6 entanpi va entropi trong cac qua trinh hoa hoc xay ra
0 nhiét do va ap suat khong doi dugc thé hién qua dai luong thé dang ap — dang nhiét G
(con goi tat 1a thé ding ap, entanpi tu do, ning lwong tu do Gibbs).

2. Thé ding 4p — ding nhiét G
e Theo nguyén ly I: Q=4u+A

e Theo nguyén Iy II, cho qué trinh déng nhiét: 4s = <
T
e Két hop hai nguyén ly, trong truong hop tong quat, néu xem cong A gom cong
dan no PAV va cong c6 ich A, ta co:
~ A 2Ay tpAyv ~ T4

= ijPvz*TszJ G v, TS, -
= ﬁZ—TSZ:— ﬁl—Tsl:
bat: G=H-T3
e Ta cé phuong trinh co ban cta nhiét dong hoa hoc: |[AG = AH - TAS

1 “AZ2G, G, "%
Vay ‘
hay A = ~Ag
Cong c6 ich s€ 1a cyc dai khi qué trinh 14 thuan nghich
A max = ~ 4G

e Y nghia: Trong qua trinh nhiét dong khong phai toan bo lugng nhiét cung cap cho
hé (AH) dugc chuyén thanh cong co ich (4c), ma con mot luong khong thé chuyén
thanh cong dugc (TAS).
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* A’ — cong cd ich bao gom tat ca cac dang cong hé thuc hién dugc (nhu cong cua
dong dién trong pin dién hoa, cong chong lai tir truong, cong cua cac phan ing quang
ho4...) trir cong co hoc (cong dan no).

o Thé dang ap tiéu chuan:*c’, (do & diéu kién ti€u chuan)

e DPonvido. kI/mol hay kcal/mol

3. Bien doi the dang ap va dieu kié€n dién ra cia cic qua trinh héa hoc

a. Dieu kién dién ra cua cac qua trinh hoa hoc
A max = 'AG

e Khi qua trinh sinh céng c6 ich (A’ > 0) xay ra la qua trinh tu xay ra

e Qua trinh phai tiéu ton cong c6 ich (A <0) méi xay ra duoc 14 qué trinh khong tu
Xay ra

Tom lai: diéu kién dé xét chiéu dién ra ciia qud trinh bét thudn nghich:
e 16 <0: qua trinh tu xay ra; phan ng xay ra theo chiéu thuan
e 4G >0: qua trinh khong tu xdy ra; phan Gng xay ra theo chiéu nghich
e Ag =0: qué trinh dat trang thai cAn bang

b. Du dodn chi¢u huéng dién ra cia cic qua trinh héa hoc

e O nhiét d va ap suat khong doi mot phan @ng sé tw xay ra Kkhi:
AG = AH - TAS < ()
Ung vé6i 2 yéu to thuin loi:AH <0 va AS >0

e Dau ciia AG do diu ctia AH va AS quyét dinh, c6 4 trudng hop:

Truwong Diu Két lugn
hop | AH | AS | AG (C6 thé)
1 - + - Tw xdy ra 6 moi T
2 + - + | Khong tu xdy ra 6 moi T
3 - - +/- | Twxay ra & T thap
4 + + +/- | Twxayraé T cao

c.Cac cach tinhAG cua cac qua trinh héa hoc

- Theo dinh luat Hess: Ag, =L Ag, ~XAc,

T(sp)

- Theo phuong trinh: AG = AH - TAS

- Theo hang so can bang: AG = “RT h K, (chuong 8)

- Theo stic dién dong ctia nguyén t6 Ganvanic: (chuong 16)
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*Thuc té: co thé dua vao 2c, dé du dodn chiéu cua qud trinh:

298

0
298

o Ag’ <-ak thi phan ung co thé xay ra

o AG' >+41 thi phdn umg khéng thé xdy ra

298

o sk <Ac! <40k phan ung co thé xdy ra thudn nghich

TD: Tinh 462, va Ac?, cua phan ung:
Cign)+ HO (k) = CO(k) + Hz(k)

Biét: AH 2098 (kK /mol ) 0 -241,82 -110,52 0
S,s (J/mol .K) 574 118,72 197,56 130,57
Giai:

A 0 =rA 4 © — Ay O — X

H 298 [ H 298 (CO )] H 298 (H 2O) 131 ,3k]
0
298

I 0
Ag [S 208

o (CO) *S5 (H,)-[S5, (C *S5 (H,0] ~133,67 |

O298K: A’ =An? ~2084s’ =oue6 j>0 => phan ing khong xay ra

298 298 298

O1000K:2G?° =An° ~—1000 As’ =~An?° —1000 s’ =-2370) <0 =>phan ing xay ra

1000 1000 298
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