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DANG 3: ENTROPY
3.1. Kién thirc can biét:

- Entropy 1a mgt khai niém méi kha 1a mo hd, n6 12 mot bién trang thai dac trung
cho muc d hon loan ctia mot hé. Do no 1a mot bién trang thai nén n6 sé khong phu
thudc vao qué trinh bién d6i ma chi phu thudc duy nhat vao trang thai dau va trang
théi cudi.

- Tém lai entropy 1a cai éo gi nhi? Kho hiéu kinh. Gio t6i ldy mot vi du dé cho thay
tAm quan trong cua entropy, né sé gitip ta thdy duoc xu thé s& xay ra. Gia sir 16p
chung ta c6 tong si s6 1a 30 mem, va 30 mem d6 déu 1a trym, cudc séng hoc hanh
dién ra rat ém dém. Anh em séng chan hoa v61 nhau, chia sé tirng chai dau dn mét.
Cho dén mot ngay 1 trym chuyén 16p va mot sin méi dugce bd sung vao 16p. Lic
nay, con thém san am i trong 29 trym con lai bat dau duoc thoi [én. Anh em bét dau
quay sang GATO, tia déu, noi xau 1an nhau dé c6 co hoi dn sdn > nhu thé ndi bd
luc duc = dudi goc nhin vat 1y thi ta c6 thé noi entropy ctia 16p da ting. Hinh dudi
day ciing 1a mot vi du minh hoa thé nao 1a hé co entropy nho va hé cé entropy 16n:

Entropy nhé ﬁfrop 16n

- Moi qu4 trinh tu nhién déu dan dén viéc entropy ting > diéu nay nghe c6 vé vo ly
nhung thuc ra 1a su thuec, tat nhién 1a v4i hiéu biét hién nay thi né la dang. Con sau
nay néu c6 mot ai dua ra mot Iy thuyét méi chuan hon thi entropy sé bi virt vao sot
rac ngay. Co thé noi entropy cua toan vil try ludn ludn ting cha bao gid giam.
Entropy ctia mot hé da cho ¢ thé giam nhung cung luc d6 entropy ctia mot hé khéc
c6 lién hé vé6i no s& ting, tham chi con tang 16n hon. Khi ching ta dan gau di vao bk
chang han, ban than ching ta s& cam thay sudng va yén binh khi c6 giu ¢ bén >
entropy giam. Cung luc d6, hang trim dia dang GATO, a kay chim ca chi mudn lao
. ________________________________________________________________________________________________________________|
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vao pha = entropy ctia hé xung quanh ting, tham chi con gip hang trim 1an d6 giam
entropy cua chung ta. Két qua 1a entropy cta trudng bach khoa ting. Do entropy
ludn tang nén cac nha khoa hoc da du doan khi no tang dén gia tri td1 han khi d6 ma
nhiét d moi vat chat 13 nhu nhau = moi th s& bi pha huy, vii tru s& die. Nhiéu ban
s& nghi 1a 1y thuyét nay hoang duong vai, hu cdu vé 10. Tuy nhién hay thir tuéng
tuong néu nhiét 36 moi thtt 1a nhu nhau, s& khong c6 bat ki qua trinh trao doi nhiét
dién ra, moi dong co s& nging hoat dong vi ko con nguén néng va nguén lanh, con
nguoi khong con cam giac nong lanh, 6m con bo cling cd cam giac nhu 6m con gau.
Tém lai, sy thue rat phii phang 1a moi xa hoi chi tdn tai khi ¢ su bat binh déng, con
ngudi cd gang duy tri mot xa hoi binh dang nhung no s& danh d6i bang su bét binh
dang cua nhitng thr xung quanh xa hoi d6 = entropy trong thé ma giai thich duoc
nhiéu hién twong phét = khoa hoc hay xa hoi déu giai thich duoc hét.

- O trong vat ly, dic biét trong nhiét dong luc hoc, entropy déng vai trd rat quan
trong, n6 dugc str dung dé mo ta dinh luat hai nhiét dong luc hoc. Theo dinh luat hai
nhiét dong luc hoc thi khi vat néng tiép xuc vo1 vat lanh thi nhiét s€ duoc truyén tur
vat nong sang vat lanh. Khi vat dugc dt nong thi entropy ciia né sé ting do cac phan
tr chuyén dong nhanh hon va hon loan hon. Qua trinh truyén nhiét tu nhién tir vat
nong sang vat lanh 1a do qué trinh 1am nong vat lanh s€ lam tang entropy cua hé.
Entropy sé& dat gi4 tri cao nhét khi nang lugng dugc phan phdi déu cho cac phan tir
cua vat néng va lanh - tirc 1a khi hai vat c6 cung nhiét do.

- Cong thuec tinh entropy trong nhiét dong luc hoc:

S,

AS:SZ_S].ZJ

S1

dQ
T

Chu y 1a cong thirc nay thi chi ap dung cho qué trinh thuan nghich chtr néu khong
thuan nghich thi po tay luén. Nhung cling may ma entropy 1a mgt ham trang thai no6
khong phu thudc vao qua trinh nén ta ctr dung thodi mai do ching ta dugc quyén gia
sir qua trinh gitra hai trang thai 1 va 2 1a trang thai thudn nghich.

- N6i chung 1a cong thuc trén ciing kha don gian, di voi bai toan nay thi cir tim
nhiét lugng va tim nhi¢t do ctia tirng qua trinh 1a ra.

- Cha y mot s ddc diém quan trong sau:

e Qua trinh doan nhiét thuan nghich > do nhiét luong trao d6i bang 0 nén do
bién thién entropy bang 0.
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e Entropy thay ddi trong qua trinh chuyén pha, ting nhiét, gidn nd
- Céc budc khi 1am bai toan vé xac dinh entropy:

K, A , . A . 6
e Viét cong thirc vi phan entropy trudc: dS = ?Q

e Xem bai toan cho diéu kién 1a gi dé bién d6i 6Q cho phu hop, thuong 1a s&
tim cach dua veé dT.
e St dung tich phan rdi tinh
3.1. Bai tap vi du
Bai 9.18: Tinh d6 bién thién entropy khi ho nong dang ap 6,5g hidro, thé tich khi
tang gap doi.
* Nhin xét: Bai toan tinh entropy ctia qua trinh ho nong ddng dp = cai dang ap
nay la cai mau chot cia van dé nén chu y vao.
* Gidi:
- D6 bién thién cta entropy 1a:

_o%e

ds T

i+2

- Qua trinh dang 4p nhé > §Q = nC,dT = n—=RdT

- Thay vao va lay tich phén tir trang théi 1 ung véi 71 dén trang thai 2 tng v6i T»

T,
AS—] i+2RdT_i+2 RI (TZ)
I R I T R V)
T

Chu y 13 vi nhiét do ta cha biét trong khi biét mdi su thay doi thé tich = van dé
nay thi qua don cmn gian néu ching ta chi y dén diéu kién dang ap

i V, T, 1

_— S — = —

n T, T, W%
Nhu vay ta co: (Hz khi hai nguyén nén 1 = 5)

Vi

i+2 V,, 542 6.5
as == an< ): ~= x> x8.314 X In2 = 65.55 ] /K

|
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Bai 9.19: Tinh d¢ tang entropy khi bién d6i 1g nudc & 0°C thanh hoi ¢ 100°C.

* Nhin xét: Dé y bai toan gom hai qua trinh la qua trinh tang nhiét va qua trinh
chuyén pha tir nudc sang hoi. Mdi qua trinh tinh nhiét luong déu khac nhau nén phai
chia thanh hai giai doan, sau d6 tinh bién thién entropy trong timg giai doan. Cha y
qua trinh hoa hoi ta phai biét nhiét 4n ciia nude. Chéch bang dudi day dé biét. Pang
ra dé bai nén cho vi miy ai nhé duge miy gia tri nay.

TABLE 17.2 Latent Heats of Fusion and Vaporization

Latent Heat

Melting of Fusion Boiling Latent Heat of
Substance Point (°C) (J/kg) Point (°C) Vaporization (] /kg)
Helium —269.65 5.23 % 103 —268.93 2.09 % 10*
Nitrogen —209.97 2.55 % 10* —195.81 2.01 % 10°
Oxygen —218.79 1.38 x 10* —182.97 2.13 X 10°
Ethyl alcohol —114 1.04 x 10° 78 8.54 X 10°
Water 0.00 3.33 X 10° 100.00 2.26 X 106
Sulfur 119 3.81 x 10* 444.60 3.26 % 10°
Lead 327.3 2.45 % 10* 1750 8.70 % 10°
Aluminum 660 3.97 x 10° 2 450 1.14 x 107
Silver 960.80 8.82 x 10* 2193 2.33 X 106
Gold 1 063.00 6.44 % 10* 2 660 1.58 X 106
Copper 1083 1.34 X 10° 1187 5.06 % 108

* Gidi:
- Xét qua trinh tang nhiét d0 cua nudc:
e Do bién thién entropy la:
T,
6Q; mcdT dT (T2>

ds; = T =7 - AS; = ch—mcln T,

T,
Thay s6 vao ta co, chil y nhiét dung riéng ctia nude 1a ¢ = 4180 J/kg.K
T, 100 + 273
- AS; = mcln (T1> 0.001 X 4180 X In <—0 273 ) =13J/K
- Xét qua trinh chuyén pha:
e Do bién thién entropy 1a: chu y & day khong thé dung nhiét ¢ 1am can duogc
vi trang thai 1 dén trang thai 2 nhiét d§ khong doi, nén taki hiéucanla 1 va2
ung véi trang thai 1 va trang thai 2 2 ko phéi s6 1 hodc 2 dau day

50, f5Q2 j 1 Qz mL
ds, =—-> AS, = 00, = A = = —
2 T, = 053 T, Q, = Q= Tz T,
0001><226><106
- AS, = 373 =6.1]J/K

|
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- Do bién thién entropy trong ca qua trinh 1a:
AS =AS;+AS,=1.3+6.1=7.4]/K

Bai 9.21: 10g 6xy duoc ho néng tir £1=50°C t6i £2= 150°C. Tinh d6 bién thién entropy
néu qua trinh ho néng 1a:

a. Pang tich; b. dang ap.

* Nhdn xét: Bai toan lién quan t6i thay ddi entropy khi thay d6i nhiét do. Piéu kién
dang ap va dang tich. Ct form chuan ma tang thoi.

* Gidi:

Trwong hop a: Ding tich

e Bién thién entropy 1a:

T,
6Q, nC,dT nC,dT T, i T,
ds, = Tv = ; - AS, = j ; =nC,ln (T_1> = nERln (—1)
T
e Thay s ta co: khi oxi 1 khi hai nguyén nén bac ty doi= 5.
AS —10><5><8314><l (150+273)—175 K
T30 27 "\Sogz73) = 7RI/
Truwong hop b: Ding dp
e Bién thién entropy 1a:
6Q nC,dT
ds, = —+t=—2%
P T T
T,
nC,dT T, i+ 2 T,
- AS, = f T = nCyln (T_1> =n > Rin (T_1>
Ty
e Thay s ta co: khi oxi 1 khi hai nguyén nén bac ty doi= 5.
AS, = 10><5+2><8314><l (150+273)—245 K
I3t T T "\ 501273/ = 2/

Bai 9.22: Tinh d6 bién thién entropy khi bién d6i 6g khi hydrd tir thé tich 20lit, ap
suat 1,5at dén thé tich 60lit, ap suat 1at.
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1,5
1.5

V = const

p = const 2,52

a
>

20 60 v
* Nhdn xét: D& bai yéu cau tinh d6 bién thién entropy tir trang thai 1 dén trang thai
2. Van dé 1a n6 qua chung chung vi Kkhong cho ta biét qua trinh di tir 1 dén 2 1a nhu
thé nao. Nhung ciing may ma do bién thién entropy lai chi phu thudc vao diém dau
va diém cubi nén ta c6 thé hoan toan chi dong ‘trong mot chu trinh thich hop va dé
tinh nhét. Gia sir dé di tir 1 dén 2 ta cho khi bién d6i dang tich dén ap suét 1 at sau
d6 cho khi gidn né dang ap dén thé tich 60 lit = Chi can tinh d6 bién thién cho ting
qua trinh rdi cong lai 1a xong

* Gidi: 9
- Xét qua trinh dang tich:
e Do bién thién entropy la:
T,
5Qv nCvdT nCvdT TZ i TZ
R s e e R
=T T_)"annTannTl
Ty
e Dé bai ko cho T + dang tich = bién vé ap suat:
P1_P2 Tz _ P2 (pz)
- AS, =n- Rln
) ,T1 Tz T1 P1 2 P1
- Xét qua trinh bién ddi dang ap:
e Do bién thién entropy la:
S 6Q, nC,dT
PoT T
T,
AS JndeT c,l (T2> i+2 RI (T2>
- = = =
P r - nGlni ) =n—Rin{
Ty

e Dé bai ko cho T nén ddi + dang ap - bién vé thé tich > tuong tr trén ta c6

AS. = i+2 RI <V2>
p =N > n v,

|
DNK - 2014 19




Tran Thién Blrc — ductt11l.com — ducttll1@gmail.com

- Bién thién entropy ctia hai qua trinh la:

P2 i+ 2 V,
AS = AS, +AS =n-— Rln< )+n Rln( )
2 pl 2 V1

i+ 2 |4
- AS = nR [ n <p2) + n (—2)]
P1 2 Vi

Thay s ta co:
AS—6><8314><(51 .7 60)—7062 K
-7 s talngg) = 7062)/

Bai 9.25: Do bién thién entropy trén doan giita hai qua trinh doan nhiét trong chu
trinh Carno bang 1kcal/dd. Hiéu nhiét do giira hai dudng dang nhiét 1a 100°C. Hoi
nhiét lugng da chuyén héa thanh cong trong chu trinh nay

* Nhan xét: Bai toan lién quan toi entropy nhung ma 1a bai toan ngugc, tac la da
cho biét entropy va yéu ciu di tinh dai lugng khac, & trong bai nay 1a di tinh nhiét
luong di chuyén hoa thanh cong. Dé y 1a bai toan ciing lién quan t6i chu trinh Carno
vé cho biét chénh 1éch nhiét 30 = chic sé& lién quan to1 hi¢u suét Carno.

* Gidi:

- Bit dau véi dit kién d6 bién thién entropy trén doan giita hai qua trinh doan nhiét
—> doan nay chinh la doan déng nhiét chtr con doan éo nao nira = qua ngon cho doi

trym non roai.
AS = f f 50 = n _ Qc
T

Thuc ra chi can nhé trong chu trinh Carno thi:
% + % = 0 > d6 bién thién entropy trong mot chu trinh Carno 1 bang 0
r 1 2 r
- Tiép theo st dung dir kién lién quan téi hi¢u suat:
A Qh+Qc_T2_T1_)Qh+Qc_ A O

, Q0 0 Ty T,—-T, T,-T, T,
- May cai boi do da biét réi nhé. Thay vao tinh A thoi:
Qn

A—T_X(Tz T{) =1x100 =100 kcal = 418 kJ

Bai 9.26: B6 100g nudc da ¢ 0°C vao 400g nude ¢ 30°C trong mdt binh ¢6 vé cach
nhiét Iy tuong. Tinh d6 bién thién entropy ciia hé trong qua trinh trao d6i nhiét. Tur
d6 suy ra rang nhiét chi truyén tir vat nong sang vat lanh. Cho biét nhiét nong chay
riéng cua nudc da ¢ 0°C 1a 80kcal/kg; nhiét dung riéng cia nudc la 1kcal/kgdo.

|
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* Nhén xét: Bai toan lién quan t6i su bién thién entropy qua qua trinh trao d6i nhiét
giita hai vat c6 nhiét do khac nhau. Vat 1 1a nu6c da nhu vdy trong qua trinh trao doi
nhiét dau tién nude da s& chuyén thanh _pha long, sau do tang nhiét do dén mot gia
tri nao d6. Trong khi vat 2 1 nudc truyén nhiét cho nudc da va giam dén mot nhiét
do nao do. Khi nhiét @6 hai bén bang nhau thi qua trinh trao d6i nhiét cham dt.
* Gidi:
- Nhiét lugng ma vat 1 nhan duoc s€ phai béng nhiét luong ma vat 2 mat di vi qua
trinh trao ddi nhiét dién ra trong binh cach nhiét nén ko thé c6 that thoat nhiét ra
ngoai, tur day ta co thé xac dinh dugc nhiét d6 can bﬁng:

c(m,T, + myT;) — Amy

Amy +muc(T—T,) =myc(T, —T) > T = Gt my)
- Thay s6 ta c6: chii y ko can d6i don vi khdi lugng, nhiét dung riéng va nhiét nong
chay vi no tu triét ti€u nhau roi.

1 x (400 x (30 +273) + 100 x 273) — 80 x 100

T = =281K
1 % (100 + 400)

- Gi0 x¢€t do bién thién entropy ctia nudc da trudce:

.- . , ) 1) A
e Giai doan nong chay:AS,,. = | ?“C = %
1 1
.. - A 5 T mycdT T
e Giai doan ting nhiét do: AS;y = | ‘;” — fT ml; mycln (T )
1 1

e Tong hai giai doan la:
Am T
ASl = ASIT + ASnc = T—l + m1Cln (T_1>

1
- Xét do bién thién entropy ctuia 400g nudc:

T
6Q2 m2CdT T
AS, = f—T = T = m;cln (T_z)

- Bo bién thién entropy tong cong 1a:

/1m1 T T
, AS = AS{ + AS, = T_1 + mycln (T_1) + mycln <T—2)
- Thay s6 ta co:

8OXO'1+01><1 l 281 +04x1x1 251 0.002 kcal/K
=———+0. X In————+ 0. —=0.
0+ 273 0+ 273 "30+273 cal/

Nhu vay sau khi trao d6i nhiét thi entropy cua hé tang (AS > 0) > diéu nay chimg

t6 nhiét chi c6 thé truyén tr vat nong sang vat lanh.

* Ching minh nhiét chi truyén tr vat nong sang vat lanh:

Xét mot hé gém mdi anh va chi, anh chi nay bi ¢6 14p va chi co thé truyén nhiét cho

nhau. Anh thi bi sbt rét chi thi binh thudong két qua 1a ca hai phai tén tén ten dé trao

e
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d6i nhiét cho nhau. Néu chi xét qua trinh truyén nhiét giita hai anh chi tat nhién 1a
ko tinh nhiét truyén ra ngoai moi truong xung quanh thi do bién thién nhiét luong
ctia anh va chi phai bang nhau vé do 16n va tat nhién khac nhau vé ddu. Ctt nhé qui
ude dau 1a nhiét vao thi duong nhiét ra thi am. Vay ta co:

) 8Qann = _6Qchi

Do bién thién entropy cua cap doi nay sé la:
SQanh 6Qchi ( 1 1 )
dS =dS, +dS, = + - =60 .
! 2 Tanh Tchi anh Tanh Tchi
Tchi - Tanh
anh Tanthhi
VidS >0 nén (S'QanhM >0

Tanthhl
e Néu Tcni > Tann = 6Qgnn > 0 — anh s€ nhan nhiét
o Néu Ty < Tann = 6Qann < 0 — anh s& sinh nhiét
—> nhu vay nhiét chi co thé truyén tir vat nong sang vat lanh > hét cmn chuyén roai,
sang bai tiép.

Bai 9.28: C6 hai binh khi, binh thir nhat c6 thé tich ¥1=2 [ chta khi Nito & ap suat
p1=1 at, binh tht hai c6 thé tich V2=3 [ chira khi CO & 4p suét p»=5 at. Cho hai binh
thong véi nhau va dit chung trong mot v cach nhiét Iy tuong. Tinh d6 bién thién
entropy cua hé khi hai khi tron 14n vao nhau, biét nhiét do ban dau trong hai binh
bang nhau va bang 27°C.

* Nhin xét: Bai toan lién quan téi qua trinh bién doi entropy khi hai hdn hop tron
14n nhau. Gia sir khi ban ddu dugc nhdt ¢ hai binh va ngan véi nhau béi vach ngin.
Sau khi bé vach ngin hai khi nay s& tron 1an v6i nhau va khi dat t6i trang thai can
bang thi thé tich mdi khi chinh bang thé tich ctia hai binh théng nhau nhu hinh vé.
Nhu vay ta d biét duoc thé tich cudi ciing ctia mdi khi = sy thay doi thé tich s& kéo
theo sy thay d6i vé entropy > tinh d6 bién entropy cta ting khi rdi cong v6i nhau
ta s& ra d bién thién entropy ctia hé. Chu y 1a qua trinh tron vao nhau dién ra ¢ diéu
kién ding nhiét vi nhiét do ban dau cua hai khi 1a nhu nhau.

O @
®0olo” 0o E) [0 0000,
O
O 0 |[o © OQ 0% 009 0o 0
Vi V, VitV
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* Gidi:
- Xét khi & binh thir nhat:
e DG bién thién entropy la:

1
dSl———>A51 J 0% _ fa(gl G
e Ding nhiét nén bién thién ndi ning bang khong >

i+, i+,
Q1 =4, = anTln< ) = prlln( )
Vi Vi

e Nhu vay, ta co:

Q1 p1V1 In (V1 + Vz)
T 7

- Xét khi ¢ binh thtr hai: Lap luén tuwong tu ta co:

Q2 D2V, In (V1 + Vz)

A2 =1 =77 v,

AS, =

- B¢ bién thién entropy cua hé la:
p1V1 (V1 + Vz) P2V, <V1 + Vz)
AS = AS; + AS, = l l
| 1+ A4S, T n ,Vl | + T n 7,
- Bén day thi cong viéc con lai chi 1a thay s6 bam may la ra:
1%x9.8x10%*x2x0.001 (2+3)
— n

27 + 273 2
5%9.8x10*x3x0.001 (2+3) 3 11/K
27 + 273 n(——)~31J/

Bai 9.29: 200 g sat & 100°C dugc bd vao mot nhiét luong ké chira 300 g nude & 12
OC. Entropy cta hé nay thay d6i nhu thé nao khi can bang nhiét?

* Nhén xét: Bai toan lién quan t6i sy thay doi entropy khi hai chat c6 nhiét do khac
nhau trao ddi nhiét v6i nhau. Thong thudng budc dau 1a di tim nhiét d6 & trang thai
can bang nhiét > céi nay thi d& gt = sir dung phuong trinh can bang nhiét. Sau khi
c¢6 nhiét d ¢ trang thai can bang rdi thi viéc tinh nhiét luong thay d6i cho mdi vat
dé dat den trang thai can bang thi qua don gian roi. Chu ¥ bai nay phai check thém
thong s6 nhiét dung riéng cua sat (dang ra dé phai cho, toan choi danh d6  nhau). Thi
ma dé ko cho la v& mat, ai ma nho dugce. Gio la thoi dai google nén may cai bang
thong s6 ko nhat thiét phai nhé vi search may gidy 1a ra. N6i chung 13 toi phan dbi
kiéu ra d& ma ko cho gia tri hing s6 va may cong thire qui ddi don vi = vi nd phan
khoa hoc qua, chi nén nhé ngay sinh cta gau, cta bd me thoi :v

|
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* Gidi:
- Tur phuong trinh can bang nhiét ta co:
MpeCre(Tore — T) = My20Ch20(T — Tonzo) = T
_ MgeCreTope + My20CH20Ton20

) MpeCre + Mu20CH20
- Thay s6 vao ta co:
- 0.2 X 460 x (100 + 273) + 0.3 x 4180 x (12 + 273)

=291K
0.2 x 460+ 0.3 x 4180
- P6 bién thién entropy ctia miéng sat 1a:
T T
6Qr 6Qr MpeCredT T
dSFe= Te_)ASFe = J Te = j%szecFelnm
/ Tore Tore
- Do bién thién entropy cta nudce la:
T T
6 6 My20CH20aT
S0 = QHz0 S Ay = f Qre _ f H20CH20
T T
Tonz0 Tonz0
T
= My20CH20IN
O0H20

- D0 bién thién entropy cua hé la:
T

AS = ASFe + ASHZO = mFeCFeln_ + mHzocHzoln
, ToFe O0H20
- Thay s6 ta co:

AS = 0.2 X 460 X IN——r 4 0.3 x 4180 X In— =~ 3.3 J/K
e "t00+273" ni2 1273330/

- Nhu vay thay rd 1a mot vat c6 thé giam entropy nhung no sé& kéo theo entropy ciia
hé khac ting va tang tham chi nhiéu hon ca luong entropy bi giam. Pay chinh 14 1y
do entropy ctia vil tru ludn ludn ting chir ko bao gid giam :v. Phu cudi cling d3 xong
bai cudi. Két thic seri vé 1o 1 ¢ day.
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