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Chwong 21: Thuyét déng hoc chat khi

21.1 M0 hinh phan ti cta khi ly twéng

M0 hinh khi ly twéng

Mot s gia thiét don gian hoa tinh chat caa mot hé khi 1y tuong:

e Chat khi bao gdm mt s6 rat lon cac phan tir. MGi phén tir ¢6 khoi luong va kich thuéc
c6 thé bo qua so véi khoang cach trung binh gitra cac phan ti.

e Chuyén dong cua cac phan tir ca thé duoc md ta bang co hoc Newton.

e Phan tir chuyén dong tu do trir khi né‘ va cham véi phan tir khac hay véi thanh binh
chira nd. Tat ca va cham xem 1a dan hoi.

e Bo qua thé ning tuong tac giita cac phan tu Khi.

Lién hé ap suét va dong ning phan tir

Xét mot hé khi ly tudng don nguyén tir (phan tu khi co mét One molecule of the gas
nguyeén tir). Bé xay dung méi lién hé gitra 4p suat khi va dong 2";;;1‘;3:;31:‘;‘3;51‘:;
nang phan tir khi, ta dya trén viéc khao sat chuyén dong cua with the wall.
phan tir khi khi né va cham dan hdi véi thanh binh (hinh 21.1). p

Gia sir c4c phan tir chuyén dong trén mat phang xy (hinh 21.2).
Céc bién do6i toan hoc dan ra duoc:
F 1/N —
P="= §<V) M2 (21.1)
Hay

PV = 2N (3mov?) (21.2)

Vi P Ia &p suat khi, V Ia thé tich khi, N 1a s6 phan ter cia  Hinh 21.1: Mgt hgp hinh
hé, %moﬁ 1a dong nang tinh tién trung binh cia mot phan tr  Idp phwong canh d chira 1
khi. phan tw khi Iy tuong

Phuong trinh (21.1) cho thay ap suat ti 18 vai:

e S phan tir trong mot don vi thé tich (N/V)

e Dong ning tinh tién trung binh cia mot phan ti.

Nhur vy, ¢é 2 cdch lam ting dp sudt khi la tang so phan tir trong mét don vi thé tich va
tang toc do (dong nang) cua cac phan tu, chinh la tang nhiét do cua khi.

Dién giai nhiét do theo goc do phan tir
Ta c6 thé so sanh ap suét tim duoc tir dong nang va ap suat trong phwong trinh trang thai
cua khi ly tuong:
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2 /1 — TR
PV =—-N (—mv2> = NkgT ! 4
3 \2 I
Suy ra: :_,, \
The molecule’s x \\\\
2 1 — component (.)f : \\\
—_— —_— momentum 1s reversed, 2
T - 3k (2 mov ) (2 13) whereas its y component //
B remains unchanged. ///
Phuong trinh 21.3 cho thay nhiét @ la mét so do truc tiep w J Hs
Cua dong ndang phdn tir trung binh. /;
Tir phuong trinh (21.3) ta suy ra moi lién hé: |
1 — 3 Hinh 21.2: Phan tur khi
-myv?* = -kgT 214 A
270 2B (21.4) va cham dan hoi Vi

thanh binh. Gia si chliing
chuyen dgng trén mat
Khi xét trén mot chiéu khong gian ta cé v2 = gvz. Tur d6 suy phang xy.
ra déng ndang tinh tién cho mét chiéu khéng gian la:

1 — 1

Emvx = EkBT (215)
Vi vy, mdi bac ty do tinh tién cua phén tir khi s& dong gop mot lugng ndng lugng bang

%kgT cho nang lugng cua hé. Mot cach tong quét, ly thuyét vé sw phan bo déu nang luong

cua hé khi nhu sau:

véi dong nang tinh tién trung binh trén mot phan tir 1a % kgT.

Mdi bdc tw do dong gép YokeT cho nang lirong cuia hé, trong dé cdc bdc tir do c6 thé lién
quan den chuyén dong tinh tien, chuyén dong quay va dao dong cua phan tu.

Cubi cung, ta tinh dwoc tong dong nang tinh tién caa N phan tir:

1 3 3
Ktot trans — N (Zmovz) = ENkBT = EnRT (21.6)
Véi kg = Ni la hang sé Boltzmann van = Ni 1a s6 mol khéi khi.
A A

Téc dé cin quin phwong (Root-Mean-Square speed - rms):

—  [BkpT ’SRT
Vyms = VU2 = mB = |7 (21.7)
0

Vi M = myN, 1a khéi lwong cia chat khi va m, 1a khdi luong ciia mot mol chat khi.

Cau hgi 21.1: Hai binh chira cling mét loai khi 1y tuong ¢ ciing mét nhiét do, ap suat, nhung
thé tich binh B gap doi binh A. (i) Pong ning tinh tién trung binh caa mot phan tir khi & binh
B so vai binh A 14 (a) gap d6i, (b) bang, (c) bang mét nira, (d) khong xac dinh duoc. (i) Cung
cac lua chon nhu (i), so sanh ndi nang cua hé khi ¢ binh B so véi binh A.
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Bang 21.1: Toc dé can qudn phwong ciia mét s6 phan tir khi

Molar Mass Yo Molar Mass U
Gas (g/mol) at 20°C (m,'s) Gas {g/mol) at 20°C (m,s)
H, 202 1902 N 30.0 494
He 4.00 1352 0, 32.0 478
H.O 18.0 637 COy 44.0 408
Ne 20.2 602 50, 64.1 338
Ny or CO 28.0 511

Bai tap miu 21.1:

M6t qua bong bong chira diy mét lwong 2 mol khi heli ¢6 thé tich 0,3 m® & nhiét do
20°C. Gia su h¢ khi dugc xem la khi 1y tudng.

(A) Tinh téng dong nang tinh tién caa hé khi.

(B) Tinh dong nang trung binh trén mot phan ti?

Giai:

(A) Bai vi khi dugc xem 1a khi Iy tuong, cac phan tir chuyén dong khdng ngirng trong
binh chaa. Téc do chuyén dong cac phan ta cang nhanh khi nhiét do cang cao. Ap

dung phuong trinh (21.6) v6i s6 mol cua hé khin=2mol, T= (273 + 20) =293 K, ta
tinh duoc tong dong nang tinh tién caa hé khi:

Kiot trans = EnRT = E X 2x8,31x%x293=73x%x10%
(B) Ap dung hé thirc (21.4) ta tinh duoc dong nang trung binh trén mot phan tu:

ImovZ =3k, T =3x1,38 x 10723 x 293 = 6,07 x 1072Y]
20 2 2

21.2 Sw phan b6 déu ning lweng.

______

Triatomic gas Diatomic gas
i=3 =6
Hinh 21.3: Sé bdc tw do cua khéi khi Iy tieong don nguyén tir
(i = 3), hai nguyén ti (i = 5) va ba nguyén ti tro 1én (i = 6)
S6 bac tu do ciia phan tir khi i

Monatomic gas

Tur Iy thuyét vé sy phan bé déu ning lirgng cia hé khi nhu trinh bay & trén, ta phan tich
cu thé so bac tu do caa mot hé khi bat ky:
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e Khi don nguyén tir (phan tir khi c6 mot nguyén tir): vi du cac phan tir khi hiém heli,
neon, argon... Cac phan tir khi don nguyén tir chuyén dong tinh tién theo ba truc toa
d6 xyz, mdi chuyén dong tinh tién s& c6 dong ning twong ung 1a ke T. Chuyén dong
quay cua phan tir khi don nguyén tir &ng Véi truc quay qua khi tam cuaa phan tu khi
c¢6 ning lugng khong dang ké. Tom lgi, phan tir khi don nguyén tir ¢6 s6 bdc tw do i =
3.

e Khi hai nguyén tir (hay ludng nguyén tir la phan ta khi c6 hai nguyén t): vi du khi
0Xy, nito... Cac phan tu khi ludng nguyén tir c6 ba chuyén dong tinh tién va hai chuyén
dong quay quanh hai tryc khong di qua hai nguyén tir cua phan ta (mét truc quay qua
hai nguyén tir ciia phan tir c6 ning luong khong dang ké), mdi Chuyen dong nay tu:cmg
ung dong nang la ¥2kgT. TOm lai, phan tur khi lwong nguyén tir 6 so bdc twdo i =

e Khidanguyén tur (phan ti khi c6 ba nguyén tu tro 1€n): Cac phan tir khi da nguyén tr
c6 3 chuyén dong tinh tién va 3 chuyén dong quay quanh 3 truc, mdi chuyen dong nay
tuong tng dong nang 1a Y%keT. TOM lgi, phan ti khi da nguyén ti c6 so bdc ty do i =
6.

Tuy nhién d6i véi phan tir da nguyén tir, nhiéu truong hop i ¢6 gid tri 16n hon do ¢6 thém
nang lugng dao dong gitra c&c nguyén tir, phan tu.

N@i niang cuaa khi ly tuwdéng

Noi néng cua mot hé khi 1a ning lwong bén trong hé bao gom
dong néng phan tir (ndng lugng do chuyén dong tu do cua cac phan
tr), thé nang tuong tac gitra cac phan tir va nang luong bén trong
moi phan tir, nguyén ta.

1+ —Isotherms

Déi véi khi 1y twong, ta c6 thé bo qua thé ning twong tac giita
cac phan tir do lyc tuong tac giita cac phan tir 1a rat yéu. Ngoai ra,
chung ta cling khong xét dén cac qua trinh bién do6i dién ra trong
tung phén tur.

Hinh 21.4: Mgt chadt khi
T6m lai, ndi ning cua khi 1y twéng chinh 14 tong dong nang 1y neong bién doi tir trang

phan tir cia hé khi. Tir phuong trinh (21.6) va khai niém vé s6 bac  thai c6 nhiér dg Ti dén T
tu do cta phan ti khi, ta c6 biéu thaic tinh ngi ning ciia khi ly  bdng 3 qué trinh khac
tuwong la: nhau.

[
Egne =n—RT (21.8)
Phuong trinh (21.8) cho thay Nnoi nang cua khi 1y tuéng phu thudc vao nhiét do cua hé
khi. Nhiét do 1a mot bien trang thai, chinh vi vay ngi nang la mét ham trgng thai.
Do bién thién noi nang ciia mot hé khi Iy twong khi hé khi thay d6i mot lugng nhiét AT
la:
[
AEgne = n—R.AT (21.9)

Vi dy mot vai qua trinh 1am thay doi nhiét ¢ ciia mot khéi khi 1y twong nhu hinh 21.4.
Ca ba qué trinh déu 1am thay doi mot lugng nhiét AT = Ty — T;. Do AT 1a nhu nhau ¢ 3 qua

4
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trinh trén nén AEin ciing nhu nhau. Tuy nhién cong thyuc hién trén chat khi 1 khac nhau déi
v6i moi duong di va nhiét lugng tuong (tng v6i moi duong bien doi cling khong giong nhau.
Bai vi cong va nhiét lweng la ham qua trinh, qua trinh bién do6i khac nhau thi chung khac
nhau.

21.3 Nhiét dung phan ti (nhiét dung mol) cia khi ly twéng
Gia sir mot khdi khi 1y twong bién doi tir trang théi i c6 cac thong sé (Pi, Vi, Ti) sang trang
thai f (Pr, Vs, Tr) ¢ khdi lugng m, phan tir gam M suy ra s6 mol cua khéi khi n = % Xét mot
sb qua trinh dic biét thuong xay ra nhu sau:
Qud trinh dang tich: 1a qua trinh thé tich cua khi khéng

For the constant-volume

doi Vi = V4, @6 thi 1a duong thﬁng ding nhu trén hinh 21.5. path, all the energy input
, ) goes into increasing the
L4 Nhlét llIO’Ilg trao doi trong qU.é tinh déng tich la: internal energy of the gas
,  because no work is done.
Q = nCyAT (21.10) !

véi Cv la nhiét dung mol dang tich.

e Cong thuc hién trong qua trinh nay

W =-— f PdV =0 __Isotherms

do Vi=V¢ thidv =0 \;+ AT

v

e Apdung nguyén ly 1 nhiét dong luc hoc AE;,,, = W +
Q cho qUé, trinh dﬁng tich ta cé: Along the constant-pressure

path, part of the energy

[ transferred in by heat is
n E R.AT =0+ nCVAT transferred out by work.
Suy ra nhiét dung mol dang tich: Hinh 21.5: Néing hrong duroc
i truyen bai nhiét cho hé khi
Cy = ER (21.11) theo 2 cach.

* Qud trinh dang &p: 12 qué trinh &p suét cta khi khong doi Pi = Pr, hinh 21.5 1a duong
thang nam ngang.

e Nhiét luong trao doi trong qua trinh nay 1a
Q = nCpAT (21.12)
vé6i Cp 12 nhiét dung mol ding ap.

e CoOng thuc hién trong qua trinh nay
W=—deV=—Pde=P(Vi—Vf)

e Ap dung nguyén Iy 1 nhiét dong luc hoc AE;,, = W + Q cho qua trinh dang tich:
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n%R.AT = P(V, = V;) + nCpAT

Cong thém tir phuong trinh trang thai khi ly tuéng PV = nRT thay vao phuong trinh trén,
ta duoc:
[

S R.AT = nR(T; — Tr) + nCpAT

n

Hay

[
nER. AT = —nRAT + nCpAT

Suy ra nhiét dung mol ding &p:
[
Cp=5R+R=0C/+R (21.13)
Qud trinh dang nhiét: 12 qua trinh nhiét do khdi khi khoéng doi Ti = Ty, do thi 1a duong
cong thur f = £ nhu trén hinh 21.5.
e Do bién thién ndi nang cua qua trinh dang nhiét AE;,,, = 0 do AT = 0
e CoOng thuc hién trong qua trinh nay la:
W = deV = jnRT dV = RT av
B B y T Y
Suy ra:

V-
W = nRTIn— (21.14)
Vy

. Ap dung nguyén ly 1 nhiét dong luc hoc AE;,, = W + Q dé xac dinh nhiét luong trao
doi trong qua trinh dang nhiét:

Vi
0 =nRTIn—+Q
Vs

Suy ra:

Vs

Q =nRTIn—= (21.15)
Vi

Ti sé nhigt dung phan ti

Ta dinh nghia ti s6 nhiét dung phan tir:

yolp_ L2 (21.16)
C,
Voi
C,= ~R, Cp=Cy+R= zzz
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Bang 21.2: Ty sé nhiét dung phan tiz ciia mét sé chat khi

Gas Cp Cy Cp—Cy y = Cp/Cy
Monalomic gases

He 20.8 12.5 8.33 1.67
Ar 20.8 12.5 8.33 1.67
Ne 20.8 12,7 8.12 1.64
Kr 20.8 12.3 8.49 1.69
Diatomic gases

H, 28.8 20.4 8.33 1.41
No 29.1 20.8 8.33 1.40
0, 29.4 21.1 8.33 1.40
CO 29.3 21.0 8.33 1.40
Cl, 34.7 25.7 8.96 1.35
Pnf’\'a.f OMic gases

CoO, 37.0 28.5 8.50 1.30
S0, 40.4 31.4 9.00 1.29
H,O 35.4 27.0 8.537 1.30
CH, 35.5 27.1 8.41 1.31

Cau héi 21.2: (i) Noi nang ctia khi 1y tuong thay doi tir trang thai i dén f nhu trén hinh 21.5.
(2) ndi nang tang, (b) ndi nang giam, () ndi nang khong dbi va (d) khong du thong tin dé xac
dinh noi nang nhu thé nao. (ii) Cung cac lra chon nhu phan (i), ndi niang thay d6i nhu thé nao
khi hé khi bién d6i tir f > f nhu trén hinh 21.5.

Bai tdp mau 21.2:

Mot xylanh chira 3 mol khi 1y teéng heli ¢ 300 K.

(A) Khéi khi duwoc nung néng dang tich, tinh nhiét luong truyén cho khéi khi dé lam
no tang nhiét do 1én 500K.

(B) Khéi khi dugc nung néng dang &p, tinh nhiét luong truyén cho khdi khi dé lam n6
tang nhiét do 1én 500K.

Giai:

He la khi don nguyén tr néntacdi=3

(A) Nhiét luong truyén cho khoi khi dé lam n6 tang nhiét do 1én 500K trong qué trinh
dang tich la:

Q, = nCyAT = néR(Tf —T;)=3x 2 x 8,31 x (500 — 300) = 7,5 x 10%]

(B) Nhiét luong truyén cho khoi khi dé lam n6 tang nhiét do 1én 500K trong qua trinh
dang ap la:

i+2

Q2 = nCpAT = n=2R(T; — T;) = 3 x 2 x 8,31 x (500 — 300) = 12,5 X 10%
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21.4 Qua trinh doan nhiét cho khi ly twéng

Nhiéu qua trinh quan trong dién ra nhanh dén ndi phan nhiét
duoc thém vao cho hé 1a khong dang ké, d6 1a qua trinh doan The temperature of a
nhigt. Néu chat khi Iy twéng thuc hién mot qua trinh doan nhigt jﬁjﬁj‘;;{ff‘f;;;;?:ﬂ_
chuan tinh, khi d6 chat khi di qua mot chuoi céc trang thai can
bang duogc biéu dién bang duong cong trén gian do p-V. Ta xét
mot budc vo cung nho trong qua trinh doan nhiét dQ = 0.

—— [sotherms

Ap dung dinh luat thir nhat cho qua trinh doan nhiét:
dE;,; = nCy,dT = —PdV
L4y vi phan phuong trinh trang thai khi 1y twéng:
Pl L
PV =nRT / | 7 T .
ta co ,

PdV + VdP = nRdT Hinh 21.6: Puong biéu dién
qua trinh doan nhiét

Khtr dT va n tir 2 biéu thuc trén, chiing ta duoc:

R
PdV +VdP = ——PdV
Cy

Thay R = Cp — Cv va chia PV:

dV dP CP_CV
Al AV = —(1 —y)dV
v TP ( Cy ) 1=y
Hay
P AV _
p Yy T

Dbi vai cac bién doi 16n cia P va V, ta thyc hién lay tich phan hai vé:
InP + ylnV = constant
Tuong duong voi:
PV?Y = constant (21.17)

Hay
TVY~1 = constant (21.18)

~ Phuong trinh (21.17) va (21.18) 1a cac phuong trinh bicu dién méi lién h¢ gitra céc thong
SO trang thai cua cac qua trinh doan nhiét.

Tom lai ddi v6i qua trinh doan nhiét ta co:
Q@ =0,

i
AEg, =W =n-R.AT
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Bai tap miu 21.3:

Trong mot xy lanh cua dong co diesel chira mot lugng khong khi ¢ &p suét va thé tich
ban dau 1 atm, 800 cm?® dugc nén doan nhiét sao cho thé tich con 60 cm?3. Gia st khi
duoc xem la khi ly twéng, y = 1,4. Tinh &p suat trang thai luc sau cua khoi khi.

Gial

Khéi khi thuc hién qua trinh nén doan nhiét tir trang thai dau Pi = 1 atm, Vi = 800 cm3

dén trang thai sau c6 V¢ = 60 cm®. Ap dung phuong trinh (21.7) ta tinh duoc 4p suat
trang thai l0c sau la:

PVY = constant & PV} = P;V;/

Suy ra:
PV} _ 1x800*

P = —-= = 37,6 atm
vy 6014

Cau héi ly thuyét chwong 21

1. Taisao & cling mot nhiét do, lwong niang lwong trén mdi mol cua khi ludng nguyén tir lai
|6n hon cua khi don nguyén tG?
Cai nao dam dac hon: khdng khi khd, hay khéng khi b&o hoa vai hoi nude? Giai thich,

Mot thiing chira day khi heli va mot binh khéc chira khi argon. Ca hai thiing chira déu &
cung nhiét d6. Nhirng phan tir nao c6 toc do hiéu dung vims cao hon? Giai thich.

Bai tap chwong 21
1. Trong khoang thoi gian 30 s, 500 cuc mua da tan cdng téi be mat mot cira so 1am bang
kinh c6 dién tich 0,6 m? theo mot goc 45°, Mbi cuc mua da co khoi lugng 5 g va toc do
8 m/s. Gia sir cac va cham la dan hoi, tim (a) luc trung binh va (b) ap suat trung binh lén
cura so trong khoang thoi gian nay.
bS: 0,94 N; 1,57 Pa

2. Mot binh 5 lit chira khi nito & 27°C va 3 atm. Tim (a) tong dong nang chuyén dong tinh
tién cua cac phan tir khi va (b) dong ning trung binh trén mdi phan tu.

PS: 2,3 kJ: 6,2.1021]

3. Trong qua trinh dang tl'ch,‘209 J nhiét lugng duoc truyén toi 1 mol khi don nguyén tir &
trang thai ly tudong, ban dau ¢ 300 K. Tim (a) cong thyc hién cua khi, (b) d6 tdng noi
nang cua khi, va (c) nhiét do cuoi cung cua no.

DS: 0; 209 J; 317 K
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4. Cho 1mol khi hydro duoc nung néng & &p suat khong doi tir 300 K dén 420 K. Tinh (a)
nhiét lwgng khi nhan duogc, (b) d6 ting ndi nang cua nd, va (c) cbng khi thuc hién .

bS: 3,46 kJ; 2,45 kJ; -1,01kJ

5. Mét xylanh dang véi mot piston nang ¢ phia trén ¢ chira mot khéi khong khi (xem la
khi ludng nguyén tir) & 300 K. Ap suét khi ban dau 1a 2.10° Pa, thé tich ban dau 0,35 mq.
Khéi lwong mol caa khong khi 1a 28,9 g/mol. (a) Tinh nhiét dung riéng ding tich cua
khdi khi theo don vi ki/kg.°C. (b) Tinh khéi luong caa khéi khi trong xylanh. (c) Gia sir
piston dugc giir ¢b dinh, hoi can truyén cho khdi khi mot nang luong bang bao nhiéu dé
khi tdng nhiét d6 1&n 700 K. (d) Gia sir piston duoc tu do dich chuyén, héi can truyén cho
khdi khi mot nang luong bang bao nhiéu dé khi ting nhiét d6 1&n 700 K.

PS: 0,719 kJ/kg.°C; 0,811 kg; 233 kJ; 327 kJ (gia sir dang &p)

6. Tinh cdng can thiét dé nén 5 mol khdng khi & 20°C va latm dén mot phan mudi cua thé
tich ban dau. (a) trong qua trinh dang nhiét? (b) trong qua trinh doan nhié€t? (c) Tinh ap
suat cudi trong qua trinh dang nhiét? (d) Tinh &p suat cudi trong qua trinh doan nhiét?

DS: 28 kJ; 46 kJ; 10 atm; 25,1 atm

7. Trong qua trinh sinh cong cua dong co 0 t6 bon thi, Piston /@
chuyén dong xudng dudi cylinder (xi-lanh) tao ra mot é 0.0 cm?
khoang khong trong cylinder dé chira nhién liéu phun
swong tir bo ché hoa khi. Xem nhién liéu gém hdn hop cua
cac san pham dét va khong khi. Chiing thyuc hign qua trinh P
gidn doan nhiét. Gia sir (1) dong co dang chay & toc d6 2500  / A\ F \
vong/phut; (2) ap suat do ngay 1ap tic trude khi gidn no 1a | ) | 1,.
20 atm; (3) thé tich cua hdn hop ngay trudc va sau khi gidn — \ / \ /
né la 50 cm® va 400 cm®, twong ung (Hinh. P21.31); (4) Before After
khodng thoi gian cho viéc gian nd la mot phén tu trong tong Figure P21.31
chu ky; va (5) hdn hop hoat dong nhu mot loai khi Iy tuéng
Véi ty 1é nhiét cu thé 1,4. Tim cong suat trung binh dugc tao ra trong qua trinh sinh cong
trén.

bS: 25 kW

o }» «y/

400.0 cm” -

.4‘)1
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