LEp hoo phan UNUA-HOG Vién Nong Nghiép Viét Nam
hﬁps.//siJr@s.googl&oom/sPr@/lophoaphankﬂvnua/

CHUONG 3: NHIET PONG HOA HOC

M& bAU
MOT SO KHAI NIEM CO BAN
- Hé va méi trudng
Cac théng s6 nhiét dong
Ham trang thai. Ham qua trinh. Qua trinh nhiét déng
No6i nang- Céng - Nhiét
NGUYEN LY | NHIET DONG HQC (NBH).
> NOI DUNG CO BAN-BiEU THU’C TOAN-PHAT BIiEU NGLi | NDH
> AP DUNG NGUYEN Li | NDH VAO HOA HOC
- Hiéu trng nhiét phan trng.
Hiéu trng nhiét ding ap, hiéu trng nhiét déng tich
DPinh luat Hess va nhivrng hé qua
Sw phu thudc cta hiéu rng nhiét vao nhiét do
NGUYEN Li Il NHIET DPONG HQC
Néi dung co’ ban- Biéu thirc toan- Cach phat biéu ngli Il theo ham entropi-
Chieu hwéng giéi han xay ra trong hé co6 lap
Ham nang lwong tw do- Chiéu hwéng va giéi han xay ra trong hé kin
Chieu hwéng, gi¢i han xay ra trong hé mé

bién soan: Nguyén Kién

MO DAU

- Nhlet dong hoc la mét mén khoa hoc nghién
clru cac quy luat diéu khién su trao ddi ndng
Iu’dng, dac biét 13 nhu’ng quy Iuat co lién quan tai
cac bién doi nhlet ndng thanh cac dang nang
luong khac va nerng bi€n ddi qua lai gilta nhirng
dang nang lugng dé.

- Nhiét déng hoc hoa hoc la khoa hoc nghién
clru nhu’ng u’ng dung cua nhiét dong hoc vao hoa
hoc dé t|nh toan thang bang Ve nang Iu’dng va rut

ra mot s dai lugng lam tleu chuén dé€ xét doan
chidu hudng clia mot qud trinh hda hoc, héa Ii.

bién soan: Nguyén Kién
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I-M6t sé khai niém co’ ban vé nhiét déng hoc

1.1 Hé nhiét dong

Hé thdng Nhiét dong (goi tdt [a Hé): [a mot vat hay mot
nhom vat gom so I8n nguyén ti phan tir(mot phan cla v
tru) 18y ra dé nghién clfu. Phén con lai 90| la moi trerng

Ranh gigi gitra hé va moi trudng cé thé 1a thuc va cling
cé thé la tudng tuong.
Hé c6 1ap: la hé khéng trao déi ch&t va nang lugng v6i méi
trudng ngoai.
Thi du: Nudc dung trong phich kin (vGi gia thiét phich
kin hoan toan).
Hé déng (hé kin): la hé khdng trao dm chat nhung cé trao
doi nang lugng véi moi trudng ngoal
Thi du: Phan Ung trung hoa xay ra trong 1 binh thuy
tinh, coi nhu nuéc khong bay hai.
Hé mgé (hé hd) : |a hé cd trao ddi ca chét va nang lugng vdi
moi truéng ngoai qua ranh gidi.

Thi du : Cd thé sinh vat |a mdt hé ha.

bién soan: Nguyén Kién

1.2-Cac théng sé nhiét dong

Céc yéu to nhw ap suat (P), nhiét dé
(T), thé tich (V), sO mol (n) xac dinh 1 trang
thai nhiét dong duwoc gol la cac thong so
nhiét déng (Thong so nhiét déng la cac dai
lwong vi mo).

C6 2 loai thdng s6 nhiét dong:théng sé
cwong dé va théng so6 khuéch dé

bién soan: Nguyén Kién
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a. Théng s6 cwong do
Thong sb nhiét dong khdng phu thugc vao khéi
lwong, kich thwéc cia he, dac trung, cho mét trang
thai chuyen déng nao dé cla cac phan tir trong hé
dwoc goi la théng s6 cwdng d. N6 khdng cé tinh
chat cong tinh. ]
Thidu: P, To, diénthé... (P,,=P,=P,=...=P).

Chu y: Riéng dbi voi hé khi ly twéng thi P, = 2. Pi.
Khi d6 P tré thanh théng sb khuech do. Tpmeo DAN
TON).

b.Théng sb khuéch dé

Théng s6 phu thuéc vao khéi lvong, kich thude cua
hé duoc goi la thong sé khuéch dd. N6 c6 tinh chét
cong tinh.

Thi du: Khéi lvong (m), thé tich(v), sé mol, dién tich .
=2mi

bién soan: Nguyén Kién

1.3. Ham trang thai. Ham qua trinh. Qua trinh nhiét déng

Ham trang thai: Mot ham sb nhiét dong ma sy bién ddi ctia n6 chi phu
thudc vao trang thai dau va trang thai cudi ma khoéng phu thudc vao
céc dién bién trung gian dwoc goi la ham trang thai.

V& mat toan hoc, ham trang thai X co bién thién vé cling nhd la
mot vi phan toan phan ki hiéu la dX. Trong qua trinh ttr trang thai 1
dén trang thai 2, bién thién cGa ham dwoc tinh theo cbng thirc:
jux X, =X, =AX (31)
Trong mét chu tr‘|nh, bién thién d6 bang khong.

Ham qud trinh: |a dai lwong xuét hién trong qua trinh. Vi vay, né phu
thudc vao qua trinh. Cung di tir trang thai 1 sang trang thai 2 nhung
theo nhirng qua trinh khac nhau thi ham qua trinh c6 cac gia tri khac
nhau.

Trong nhiét dong hoc hai ham qua trinh quan trong la céng (W, A)
va nhiét (Q).

bién soan: Nguyén Kién
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Qua trinh nhiét déng.
Qua trinh chuyén hé tir trang thai nay dén trang thai khac ta néi
hé da thwc hién mét qua trinh.

*  Quaé trinh ddng tich: |a qua trinh xay ra & thé tich khéng dbi.

*  Quaé trinh ddng &p : 1a qua trinh xay ra & ap suét khong dbi.

*  Quaé trinh ddng nhiét : 1a qua trinh xay ra & nhiét dd khong dbi.

*  Quaé trinh doan nhiét : 1a qué trinh xay ra khéng co s trao dbi
nhiét v&i moi trwdng.

bién soan: Nguyén Kién

1.4 -Néi nang- Céng - Nhiét
a-Néi nang (E hay U).

N&ng lvong cta hé gdm 3 phan:
+ Pong nang:cé dwoc néu hé dang chuyén dong
+ Thé nang: c6 dwoc néu hé nam trong trwéong trong luc
+ Noi néng:I:é dai Iwong bao géom toan bé nang lwong cua céc
dang chuyén déng c6 trong hé. Bé la nang lwgng clia cac dang
chuyén dong tinh tién, chuyén doéng quay, chuyén dong dao dong
cla cac phan tr, nguyén tt, e va hat nhan nguyén tc.

Khéng thé do duworc gid trj tuyét doi cua ni nang. Nguoi ta
chi c6 thé xac dinh bién thién cda ndi nang (AU=U_-Ugs, hay
AE= E_4-Egs,) trong cac qué trinh thdng qua cac dai lwgng nhiét
dong khac (nhiét g va céng A (W)).

bién soan: Nguyén Kién
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b-Nhigt (q) q=CXATXm

150 mL

50 mL 100 mL
1000 259

e (4.18}/J/°C g) x (T, - 100) X (50 g)
G, = (4,184 JI°C g) X (T; - 25) x (100 g)

01 = -0
(T, - 100) X (50) = - (T, - 25) X (100)
Bl‘éfn ioasom@én Kién

C -Cong (A hay W)

2 A £ Nz 2
P, - Ap suat ngoai tac dung Ién
A=—[p,dV| " pitiong

1

Cong gian n® khi
trong xilanh:

Néu sw bién d6i khéng thuan nghich thi p, = const

2
Abtn = _pnjdv = _pnAV
1

Néu sw bién d6i thuan nghich thi p,= P, khi trong xilanh

P,=P, :—”ST

2
:> A, :—jnRTd—V:—nRTlnL
1 V Vl

Dvij: P(Pa); V(m?3); A(J); R =8,314JK 1. mol%; T(K)
Chu y: 1Pa =0,01mmHg

Abtn < Atn

bién soan: Nguyén Kién
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Vi dul: Tinh cong dan né cua pittong?

P, =6.0 atm V;=04L T =298 K C
P,=1.5atm, V,="?

PV=nRT P.1V;=P,V,
(6.0 atm) (0.4 L) = (1.5 atm) (V,) l
A: _Pgiénn() AV /t\
-(1.5atm)(1.6 - 0.4)L=-1.8 Latm ———
(-1.8 L atm)(101.3 J/L atm) =-182 J

bién soan: Nguyén Kién

Vi duy 2: Tinh cOng gian n¢

4 \ n A ‘? 0.4 L 1.2 L
khi vao chan khong? ideal gas vacuum
P, =6atm P,=7?
V,=04L V,=12+04L=16L
T,=298K=T,

|:)1 V1 = P2 V2 P,=1.5atm
A= P s AV = -0 atm) (L6 L - 0.4 L)
A=0

bién soan: Nguyén Kién
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Vidu | Vidu2
P,=6.0atm P,=1.5atm P,=6.0atm P,=1.5atm
V;=04L V,=16L V,=04L V,=16L
T1:T2:298K T1:T2:298K
A=-182 A=0

bién soan: Nguyén Kién

Don vi cla nhiét va céng 1a Jun (J) va nhiéu khi van quen dung
la calo (1cal=4,184J).
Trong Nhiét déng hoc quy wérc:
- Coéng va nhiét do hé sinh ra lam gidm nang lwong cla hé nén déu
dwoc coi la dam (A, W < 0), g<0).
- Coéng va nhiét do hé nhan vao lam tang nang lwong ctia hé nén déu
duwoc coi la dwong (A, W > 0), g>0).

q>0 q<0

A>0 A<0
Hé \

bién soan: Nguyén Kién
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II- NGUYEN LY | NHIET DPONG HOC (NDH).

1- NOI DUNG CO BAN-BIEU THIPC TOAN-PHAT BIEU NGLi | NDH

1.1- N6i dung co’ ban: 1a dinh luat bdo toan va chuyén hoa néng lwong
“Nang luong luén Iuép duoc bdo toan. Trong 1 qué trinh néu nhw ndng
Iwo’ng & dang nay méat di bao nhiéu thi ndng lrong & dang kia duworc sinh
ra bay nhiéu”,

1.2- Biéu thirc todn hoc:
Gia st c6 mot hé kin & trang thai 1(c6 nodi nang U,) chuyén sang trang
thai 2(co ndi nang U,)

Trang thai 2
U,

Trang thai 1
Uy

Khi d6 hé trao déi véi mai trwdng nhiét ndng q va coéng A.

Theo nguyén i | NPH, téng lwong nhiét trao ddi véi mai trwong
xung quanh bang bién thién ndi nang.

bién soan: Nguyén Kién

hay |AE=q+w (3.2)

Cong A bao gébm 2 loai cong:
- Cong gian n& (chdng lai ap suét bén ngoai): Ay, =-Pgian neAV
- Cbng cé ich A gbm tat ca cac loai cong khac ma hé trao dbi voi
mdi tredng nhw céng dién, céng hda hoc, cong co hoc...Khi dé
biéu thrc ctia ngli | NDH ¢6 dang:

[AU=q+A-pAV| (@33

Biéu thire (3.2), (3.3) la biéu thirc toan hoc cltia nguyén li | NDH.

1.3- Phét biéu nquyén Ii | NDH

Bién thién noi ndng khi chuyén hé ttr mot trang théi nay sang trang
thai khac (AU) bang téng dai s6 nang lwong da trao déi véi méi trueong
trong qua trinh bién doi nay.

No6i ndng ctia mét hé c6 lap luén lubn duwoc bdo toan

(trong 1 hé c6 lap g =w = 0 thi AU=0 = U =const)

bién soan: Nguyén Kién
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2 — AP DUNG NGUYEN Li | NDPH VAO HOA HOC

2.1- Hiéu trnq nhiét phan trnq héa hoc

Hiéu trng nhiét cta phan trng hoa hoc la luong I:)hi_ét toé‘ ra hay
thu vao trong mét phan rng héa hoc khi c6 1 mol chat ban dau tham
gia hodc 1 mol chat séan pham duwoc tao thanh.

DPon vi hiéu (rng nhiét thworng dwoc tinh bang Jun/mol,Calo/mol
(hay KCal/mol). 1 cal =4,1835 J~ 4,184 J

Cac qua trinh hoa hoc thuwdng duwgc xét la cac phan &ng hoa )
hoc, cac qua trinh hoa ly nhu: Qua trinh chuyén twéng, qua trinh hdp
phu...

Théng thwong, cac qua trinh hoa hoc dién ra trong 2 trwdng

hop: Hodc ding tich (V=const), hodc dang ap (P=const).

bién soan: Nguyén Kién

2.2- Hiéu trng nhiét ding tich( q,) — Hiéu trng nhiét dang dp (q,)

a. Hiéu trng nhiét dang tich( q,)

Theo ngli | ta co6:

AU =qg+A-pAV = q=AU-A +pAV
Trong qua trinh dang tich thi AV=0. Néu hé khéng thwc hién céng co

ich (A'=0), khi do: (3.4)
Vv

w)u vay, hiéu trng nhiét dang tich bang bién thién ndi ndng cua
é

b. Hiéu trng nhiét dang dp — Ham enthalpy

Trong mot qua trinh déng ap, néu hé khong sinh cdng cé ich (A=0) ta cé:

gp= AU + pAV.

Thay AU = U,-U;; AV=V,-V, ta co:

qp= Up-U+p(Vo-Vy) & Gp=Uy+ pVy-(Ui+ pVy).

bat U + pV = H goi la Enthalpy. Khi do:
|0,=HyH; =AH|  (3.5)

’l;lr)u’ vay, hiéu trng nhiét dang dp bang bién thién enthalpy cia
é

Céc puhh thwdng dwoc thue hién trong dk ap suét kq khéng déi nén
dk dang ap dwogc str di@ngoeat phaybigfien
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L6p hoc phan UNUA-HoOG Vién Nong Nghiép Vit Nam
htpsi//sites.google.com/site/lophocphanksivnua/

Ham enthalpy

Tw biéu thirc H = U + pV ta thay: Enthalpy chinh la
nang lwgng du tri Qﬂa hé gom n’éi nang va phan nang
lwgng sinh cdng chong lai ap suat bén ngoai. Nang lvong
du trr pV trao déi yé’i mdi trwdng trong qua trinh dang ap
dwdi dang cong bién thién thé tich.

Vi U, p, V la ham trang thai nén H cling 1a ham trang
thai va mang tinh cdng tinh.

Bién thién enthalpy cta hé dwoc tinh theo cong thirc:

AH= AU +p AV | (3.6)

bién soan: Nguyén Kién

c. Sw lién hé gilra q, va d,

oo = s = M © 6, AU+ pav
Mat khac, AU= g, . }—b 9=, + PAV | (3.7)

- V&i nhitng pw xay ra gitra cac chat & trang thai 16ng ho&c rén thi AV =0.

Khi dé:
(3.8)

- V6i cac pw cé chat khi tham gia. T pt trang thai khi ta co:

p AV = AnRT, thay vao biéu thirc (3.7) ta cé:

|G=Gy+* ANRT | (3.9)
+ D0i v&i cac pw ma An > 0 ( sO phan tt khi tang trong pw) thi g, > q,.
+ Dbi voi cac pu ma An = 0 ( sb phan t& khi khong thay dbi) thi q, = q,.
+ Dbi voi cac pu ma An < 0 ( s6 phan t& khi gidm trong pw) thi q, < q,.

bién soan: Nguyén Kién
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- Béi v&i cac phan 'ng ma An > 0 ( sb phan t&r khi ting
trong phan &ng ) thi q,>q,
Thidu: CaCys, + Hy0(l) = Ca(OH),(l) + C,H,(K)
An=1-0=1
- B6i v&i_phan (rng khi A n = 0(sb phan tl khi khéng
thaydoi) thi g, = q,
Thi du: H,(k) + Cl,(k ) = 2HCI(K)
] An=2-2=0 ]
-Doi v&i phan trng khi A n < 0(s6 phan ttr khi giam trong
phan tng) thi q, < q,.
Thidu: NH,(k) + H,O(l) = NH,OH(l)
An=0-1=-1.

bién soan: Nguyén Kién

2.3- Dinh luat Hess

2.3.1. Piéu kién ap dung dinh luat Hess
Dé ap dung dluat Hess thi hé thuc hién & moét trong 2 trudng hop sau:
- Hé thwc hién & dk dang ap va chi thyc hién cong gidn né ( A=-pAV).
- Hé thwc hién & dk dang tich va chi thyc hién cong gidn né ( A=-pAV).
2.3.2. Phat biéu dinh luat Hess (Gext -Nga) , 1836
”Hiéu rng nhiét cua phan trng hoa hoc chi phu thuéc vao trang
thai dau va trang thai cudi cua cdc chat tham gia va cdc chat tao
thanh sau phan trng ma khéng phu thuéc vao cdch tién hanh phan

2 7
wng~.
TGL | AH: TG2 AH,
AH,
A+B AH C+D

(chéat dau) (chét cudi)
AH, AHs

TG3

Theo dinh luat Hess ta co:

bién soan: Nguyén Kién
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Vi du: tinh hiéu rng nhiét phan trng
SO,y + /20,4y SOz AH = ?
Biét: S+ O SOz(k); AH, = -1242,648kj/mol
S(r)+ 3/202(k) - Sog(k); AH, = -1653,510kj/mol

AH,
S+ 3/20, SOz

AH,
/ AH

’ SO,y + 1/20,, ‘

AH=AH,-AH, =-1653,510 — (- 1242,648) = - 410,862kj/mol

bién soan: Nguyén Kién

2.3.3. Tinh hiéu (rng nhiét dwa vao sinh nhiét ctia chat

“Sinh nhiét hay nhiét tao thanh cua mét chat Ia hiéu &rng nhiét cua
phan trng tao thanh 1 mol chat do6 tir cac don chat & dang bén
vikng nhat cua cac nguyén toé twong teng, trong diéu kién da cho
vé nhiét dé va ap suat”

Sinh nhiét tiéu chuén, AH°, hay AHY

Thi du: sinh nhiét tiéu chudn ctia CaCOj, la hiéu (rng nhiét clia phan (ng
hinh thanh CaCO,

Ca+C,+0,= CaCO;; AH? =-1207,68Kj

’ Athe’m ng ~ X AHs, cubi- & AHs, dau ‘

bién soan: Nguyén Kién
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2AI(s) +Fe,04(s) =Al,04(s) + 2Fe(l); AH =?

AH = NZAHO san phdm - nTAH, tham gia
AH= [AHALOs(s) + 2 AHC Fe()]
- [AHC Fe,04(s) +2 AH Al(S)]
AH= [(-1676) + 2(15)] - [(-822) + O]k =-824KkJ

bién soan: Nguyén Kién

2.3.4. Tinh hiéu t*ng nhiét dwa vao thiéu nhiét (nhiét dét chay) ctia chéat

“Thiéu nhiét (hay nhiét dot chay) cua mot chét la hiéu tng nhiét cia
phén (rng dét chay 1 mol chét dé bang 6xi phan tir dé tao thanh céc
dang oxit cao nhét bén & diéu kién dé”

Thiéu nhiét tiéu chudn, AH%,

Thi du: thiéu nhiét tiéu chun ctia métan la hiéu &ng nhiét ctia phan
ng:
CH, + 20, = CO,(k) + H,O (I) ,_ AH®

tn,298

=-890,34kJ

Athém rng =% Ath, dau )Y Ath, cudi

bién soan: Nguyén Kién
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2.3.5.Tinh hiéu rng nhiét phan rng dwa vao nang lweng lién két

va nhiét ngtlr héa

+ Nang lwgng lién két la nang lugng can thiét dé pha v& 1 mol Ik thanh
cac ngttr ¢ thé khi

+ Nhiét ngttr héa clia mét chat la nhiét lwong can thiét dé phan hay 1mol
chat & thé khi thanh cac ngtlr & thé khi.

“ Hiéu irng nhiét ctia phan trng bang téng nang lwong lién két

trong céc chat tf!am gia trie di téng ndng lwong lién két trong
cdc chat san pham cua phan tng”

bién soan: Nguyén Kién

Vi du:

CH, (9) + 20, (9) — CO, (9)+ 2H,0 (9)

C-H A3k [4(C-H)+2(0=0)]
0=0 495 kJ - 1)+ 2(0=
C=0 799 kJ - [2(C=0)+4 (O-H)]

O-H 467 kJ = 8241

bién soan: Nguyén Kién
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- Trong sinh hoc: Binh luat Hess gilp ta tinh dwgc nang lwgng giai
phéng ra khi CO, khi 6xy hoa céc chét dinh dwéng trong co' thé.
Chang han khi 6xy hoa 1 mol glucoza:

CsH,,06 + 60, = 6CO, + 6H,0 + 675,8KCal

Du qua trinh dxy hoa dién ra trong co' thé cé phirc tap dén dau
di chéng niva thi san phdm cudi ciing van la CO,, H,O va giai phdng
ra 1 lwgng nang lwong la 675,8 Kcal. Nang lvong do giup cho co
thé sinh céng, va 1 phan tao nén than nhiét.

- Binh luat Hess ciing ap dung cho ca cac qua trinh hoa tan, hap
phu, néng chay, hoa hoi, thang hoa...

- Dinh luat Hess va cac hé qua cta né c6 mot (rng dung rat Ién trong
hoa hoc, né cho phép tinh hiéu (rng nhiét ctia nhiéu phan tng trong

thwe t& khong thé do duorc. (vidu puw tao CO ttr Cgr va 0,...)

bién soan: Nguyén Kién

2.4.Nhiét dung mol
“La nhiét Ivong cén thiét dé ndng nhiét d6 cda 1 mol chat nguyén
chat Ién 1 K trong khoang nhiét dé6 dé6 khéng c6 sw chuyén pha”

q:CAT szqi:Aj CV:qi\,:AU

Ta co AT AT AT AT

Y g,
Déiv(yichétkhiq C.,= Cy+ RAT =C,+R
Theo tinh toan gan dung cho chéat k%?;hi:

C,=3/2R
Cp =52 R 4ien conn: nouysn kien

9/26/2015
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| O,=5/2R(T-To)=10.1kJ = AH

Chu trinh canot 1 mol khi W :'Pext AV = -4.05k]
204 A ¢ 1 av=312R(Ty-To)= -4.55 ki = AE
oM | W =-P, AV = 0kJ
| I\/\ |
00 P gy =812R (T T,) = -152 ki= AE
=-P, AV =0kJ

IV qp= 5/2R(T5-Tp) = 5.07 ki= AH
=P, AV=-2.03k]

bién soan: Nguyén Kién

ll- NGUYEN LY Il NHIET DONG HOC (NDH).

1- NOI DUNG CO BAN

Xac dinh chiéu hu’(yng va gid¢i han cla qua trinh

Dé xéac dinh chiéu huwdng va gidi han clia qua trinh, nguyén li
I NDH can tra 1&i ba cau héi:

+ Qua trinh d6 ¢6 kha nang tw xay ra khong ?

+ Qua trinh d6 xay ra theo chiéu nao ?

+ Qua trinh d¢6 dién raldén dau va khi nao thi dwng lai ?

Trong hoa hoc viéc biét nhirng tiéu chuan cho phép tién doan
dwoc chiéu cta phan &rng hoa hoc va gigi han ty dien bién cla
chiing (do d6 x&c dinh dwoc hiéu suéat ctia phan &ng) la diéu rat
quan trong. . )

Trong hoa hoc, biéu dién nguyén li Il NDH dwéi dang ham
trang thai entropi la thuan Igi nhat.

bién soan: Nguyén Kién
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2 - HAM ENTROPY - BIEU THU'C TOAN — CACH PHAT BIiEU NGLi Il
NDH THEO HAM ENTROPI

Entropi la thira s6 khuyéch do ctia chuyén dong nhiét, ki hiéu Ia S.
Entrop[ la mpt ham trang thai, nghia la pién thién fantropi AS cla
phan (rng bang tong entropi clia cac san pham trir di tong entropi clia cac

chét tham gia (AS= Sg, phém'stham gia)-

Nhiét trong qua trinh thuan nghich dwoc biéu dién bang biéu thirc:
O = TAS

Trong d6 AS 1a bién thién ham entropi,

T d6 suy ra: AS d,

T
Déi voi qua trinh bat thuan nghich ta co: [A S > Jbt

Nhw vay, dbi véi qué trinh bt ki ta co:

AS 2>

—H|<a

bién soan: Nguyén Kién

Phat biéu nquyén li Il NDH theo ham entropi

D6i v&i hé ¢6 1ap g = 0 nén tir (3.22) ta c6:

AS=S,-S >0 <S,>S| (3.16)

T biéu thirc (3.16) ta phat bidu nguyén li [l theo ham entropi nhw sau:

“Trong hé ¢6 I4p, qua trinh twr dién theo chiéu tir trang thai c6 entropi nhé
sang trang thai c6 entropi I&n va dirng lai khi Entrépi cta hé dat gia tri curc dai”.

Nhuw vay, dwa vao nguyén |i Il da tim dwoc 1 tiéu chuan dé xét chiéu
hwéng va qua trinh xay ra trong hé co lap, dé la ham entropi

bién soan: Nguyén Kién
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Y nghia ham entropi

_Co thé nhan thay trong mét hé c6 Iap cac qua trinh déu tw xay ra
theo chiéu tang mirc d6 hon loan clia hé. Entropi la thuwdc do mirc dd hon loan
cla hé.

Thi du: Khi mét chét khi tw dong gidn né vao chan khéng, cac phan t
khi trwéc day chi dwgc chuyén dong trong mot thé tich nhé, nay dwoc chuyén
doéng tw do trong moét thé tich rong hon, véi nhiéu trang thai chuyén dong hon,
nghia la chang hén loan hon.

Khoéa K o

o
8§, ° o %o
o
oo%o 082\7
5% o °
0 op

Nhw vay,S 4, < Sisng < Skni

bién soan: Nguyén Kién

° — o o

ke = RIN, . o
W 2 W
=kgln 2 x2x2

for 1 mole gas

£ AS = kg In 2602x10% = 6 02 x 1028 kg In 2
=RIn?2

ASy . v,=RIn (V,/Vy)

bién soan: Nguyén Kién
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3— HAM NANG LUQNG TY DO - CHIEU HPONG VA GIOI HAN
CUA MOT QUA TRINH TRONG HE KIN

3.1- Khai niém vé ham nang lwong tw do.
S bién dbi entropi cho phép xac dinh tiéu chuén tw dién bién va gi&i
han clia cac qua trinh xay ra trong hé cé lap:
-Néu AS >0 = ST = hé tw dién bién.
-Néu AS =0 = S,,,,=hé & trang thai can bang

D6i véi mot hé kin (khéng co 1ap), trong do xay ra cac qua trinh déng

nhiét-déng ap hodc déng nhiét-dang tich.

Trong trong hop nay cé thé ding tiéu chuén entropi dé khao sat cac qua
trinh béng cach gdp hé vai thé tich da Ion ctia madi trwdng dé co thé coi nhw mot
hé c’é lap (khj d06 ASg4 1ap=ASns+AS i trueng)s CUNG tlr d6 ngudii ta tim ra mot tiéu
chuan méi dé xét cho nhirng hé khéng cb 1ap. D6 la cac ham nang Iwong tw do.

Hé co lap
AS

Hé khéng cé lap moi trwong 6 lap

AS

ASpe

moi truong,

AS 5 13p=ASneAS 14 truong

Ham nang lwong tw do ra doif seekRétNeEPEda%Rai nguyén Ii | va Il ciia NDH.

3.2-Ning lwong tw do dang nhiét,dang ap (thé dang
nhiét,dang ap hoac nang lwong Gibbs).

Gia sv & didu kién p =const va T= const hé trao déi v&i moi trwdng mot
lwong nhiét Q,= AH. Nhw vay méi trwdng s€ nhan mét lwgng nhiét 1a Q,= -AH .
Khi d6 theo nguyén Ii hai:

Q  AH
ASrnﬁitruong = ? = _?
Nhuw vay: AH
ASC() IépzAShé+ASméi trw(‘:fng= AShé - ?
+ Khi AS 5 0, >0 & AS,,, - 21 >0 hay AH-TAS,, < 0 qué trinh ty X3y ra.

. AH .
+ Khi AS 5, =0 < ASy, - ?:O hay AH-TAS, . = 0 hé & trang thai can bang

Vi T=const nén ta c6: AH-TAS = A(H-TS)._

Nguwoi ta dat.. | G=H-TS (3.17)

G duwoc goi la nang lwong tw do dang nhiét dang ap (thé ddng nhiét
dang ap hodc nang lwong Gibbs).

Vi céc dai lwgng H, T, S déu 1a nhitng ham trang thai nén G ciing 1a
ham trang thai. bién soan: Nguyén Kién
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Nhw vay & diéu kién P va T khong ddi ta co:_

(3.18)
+ Khi AG <0 qua trinh tw xay ra._
+ Khi AG = 0 hé & trang thai can béng._
Ta c6 thé phat biéu nguyén ly Il theo nédng lwong tw do ddng nhiét, ddng
ap (G) nhv sau:

“trong hé kin, & nhiét dé va dp suat khéng déi, chi cé nhieng qud trinh cé
kem theo sw giam nidng lwong tw do dang nhiét, ding 4p méi c6 kha nang
tw dién. Qud trinh dieng lai khi ndng Iwong tw do dang nhiét, ding dp dat
gia tri cwec tiéu”.

bién soan: Nguyén Kién

- Y nghia cua ham G.
Tir biéu thirc (3.23) ta c6: AG = AH-TAS-SAT (*)
Mit khac: H=U + PV = AH = AU + P AV + V AP(*¥).
T (*) va (**) ta c6: AG = AU + PAV + VAP -T AS - SAT
Theo ngli I va Il NBH, dbi vai qua trinh thuan nghich ta ¢6 TAS = Q= AU+ PAV- A’
= AG = VAP - SAT+ A (**%)
-P=const =>AG=-SAT+A’
-T=const > AG=VAP+ A’

Néu T, P=const, khi dé:_
@19

Tw bieu thirc G = H-TS va biéu thirc (3.25) ta thay: Nang lwong tw do la
mot phan nang lwgng toan phan clia hé, phan dé trong bién doi cé thé sinh
cbng co ich (A"= AG ), phan con lai(TAS=Q) khéng thé sinh cdng, ton tai dwdi
dang nhiét, lam tdng do hon loan cla hé

O dktc (298K, 1atm) ta cé:
’ AGO? = AHO - TAS? ‘ (3.20)

Tir biéu thirc (***) =

bién soan: Nguyén Kién
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-Vai tro cta AH, AS déi véi dau ctia AG va chiéu cua
qua trinh (doc sach).

AG® = AHe - TAS®
AH®  AS° AG°
+ . always positive

- + always negative
negative a) high T
positive low T

- - negativeb) low T
bién soap%iqri'@@e hlgh T

4—CAC PHUONG PHAP TiNH NANG LUONG TU DO CUA PHAN NG
4.1 TiNH THEO ENTHALPY VA ENTROPI

St dung cong thirc (3.26) | AG® = AH? - TAS? |

Cac thi du trang 64
4.2 TINH THEO BIiEN THIEN NANG LUONG TU DO SINH RA CUA CAC CHAT

AGopw =X AGOS (san pham) ~ z AGOS (tham gia) ‘ (3.27)

Thi du trang 64
4.3 TINH THEO THE OXI-HOA KHU CHUAN

n: sb e trao dbi trong pw
AEO: suat dién dong tiéu chudn. AE® = EC,- EC.
F: héng sb Faraday; F =96 500C = 23 061 calo

AGO = -n.F.AE® (3.28)

Thi du trang 65 )
4.4 TiINH THEO HANG SO CAN BANG

’ AG®=-2,303RTIgK ‘ K: hang sb can bang
Hoéc (3.29) { T: nhiét o kelvin
’ AG® = -RTINK ‘ R: hang s6 khi li twdng R= 1,987cal/mol.K=8,314 jloml.K
Thi du trang 65 bién soan: Nguyén Kién
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4.5 TINH THEO BIEN THIEN NANG LUONG TU DO CUA CAC PU NOI TIEP

Gia st co cac puw ndi tiép A>B AGY,
B>C AGY,
C—>D AGY
Bién thién ndng lweng tw do cGa phan &ng tdng cong A — D sé Ia:
[ AG,,= AG, + AG®, + AG; | (3.30)

Thi du trang 65

5- S PHU THUOC CUA AG VAO NONG DO
Cac gia tri AG? twong trng v&i ndng d6 chuan 1M.
Bién thién AG trong céac diéu kién khac v&i néng dd chudn duoc tinh bang biéu thire:

Gia st c6 phadn (rng: mA + nB — pC + gD
[T [Of

[AI"[B] 0 P o]
& didu kién can bing: AG = 0. Khi dé: |AG” =-RTIn AP [B] =-RTInK,| (3:31)

Khi d6: |AG=AG°+RTIn

Khi do: AG =—RTInK_ +RTIn [C]p'[D]q 3.32
PRy @92

Thi dU trang 66 bién soan: Nguyen Kién

-Vai tro cua AH, AS doéi vdi ddu cua AG va chiéu cua
qua trinh (doc tai liéu).

3.3-Ning Iwong tw do dang nhiét,dang tich( tw tim hiéu)

4—CHIEU HUONG VA QUA TRINH XAY RA TRONG HE MO

Dbi v6i cac hé héd (mé) cac ham trang thai U, H, S, G, A khéng nhirng phu
thudc vao nhiét do, ap suat, ma con phu thudc vao thanh phan cla hé
Gia st trong hé c6 n; mol chat A, n, mol chat A,, ..., n; mol chat A,
Khiddé G =G(p, T, ny, ny, ..., ny)

bién soan: Nguyén Kién

9/26/2015

22



