Chapter Two-The First Law  Physical Chemistry For UGS-2"? Year 1% Semester

2-6-3 Heat Transactions
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AU = q,, at constant V, means AV =0 (2-16)
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dq a dT (2-18)

dg = CcdT (2-19)
(W Sadb uas (2-19) dolasd) JolI Js s

q = CAT (2-20)
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q = nCy, AT (2-21)
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iy (Cs = C/m, Specific heat capacity) 4 9 &)yl dawdl o Slolyadb s Lois Lol
Aslaall e Juaxs (2-20) Uslaall § Cs pagad die S .okl AS Jio3 m () K g7) Bug
:(2-22)

q = mCAT (2-22)

(Homework 1) $13LJ/83Sw (yol g3 clliad dus 9319 doyY gall cpiad! S

(o 5B 78T 98 dxegidl of L)Y gedl duphyoell dadl an Joladdl ASioliod ga All Coblu! (3 :dlasdo
.(Homework 2) §13lJ/1add &yl yoell dacdl 20 Jolal!

o (55 (8.186 J g2 °C) (el ye sl Ayl dnd) JUhall hotes 2 e 5yl s Bl )
@)ly> Ay 13, 4.186 ) Wylatio Byl,> e e Bl olatal Jlglies slall o usl e J5 & cosdl

B9 dgie d>)d
bl ells 8yly> dys b)) Lpuobiaie] o ghlandl Byldl &S oye 8,S3 and &e gl Dyly=ddl Anadl O] oo
S gy ey 185§ duatand) 28Ul cyo Ale duaS ) o ddle due 5 > olawe Lg) (1 3lgalle
i 223 2 A6 Ll ool 1 25l 28 58l Ayl ol 3195 slgall (s blialbog e el
831yl Lggoliatal die A (y3end O0laoll alane s Jlo 48 St
Example: What is the specific heat capacity of a 22.8 g sample of metal that absorbs
1450 J of a heat from 21.8 °C to 75.0°C?
Solution: Wmeta = 22.8 g, T1 = 21.8°C and T2 = 75.0°C.

AT = Tz-T;= 75.0-21.8 = 53.2 °c

q = C; AT (2-22)

1450 ] = C, (22.8 g)(53.2 °C)

17| Page Dr. Abduljabbar I. R. Rushdi 2019-2020



Chapter Two-The First Law  Physical Chemistry For UGS-2"? Year 1% Semester

B 1450]
~ (22.8 9)(53.2°C)

C, =1.2Jg 'Kk

Homework 3: How much energy is needed to heat 9 g of water from 25 °C to 85 °C?
C=4.186J)g'°Cc?

el Gymy o pliscial A5Unall o ALeSIl ddandl M5 g Bl JEn] el oSy Lhes
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il g sty Jeladll sl e @bl Sl Jasall gLy &dle doglie 93 6leg h yauall 09SH
l9) &dys did> Cudld @ yzebell e awy 39 conzuSodl j& Jgsd) Jaies 520 SAls (Bomb)
d>die dibnl) el § ey 9 omball o Golall awgll 3 (Z3gedl pbgr Cu Jelad)l sy pusuiud
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ddos &1 o ST (3 din slaiuy @Iy Jamall e Ygime 0550 Sy US1s (b Hliom siell bl
Byly> d2d ywld 2,3 (Thermometer) Hhswes sl 13s 395 W Jaxall e aU Jjans 0555 BLASYI
Je il )l (old e Jamy slymall O @y ¢(2-5) S!S (Tr) Gyl Ak s (Ti) b slol
Q@ Gl ol I e 3y Ll sle gl Ul yaxaadl J31s 7390l Gl po dozr Wl 8y yoiall of dliiiall
(2-23) Uslaali Tadg Lol o3 3 yameld (AT) Byl oy
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Figure 2-5: A constant-volume bomb calorimeter (adiabatic calorimeter).
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q, = C, AT (2-23)

doid Ay 9 oMl &yy2xtll sl (ha (2531 O )l Co9aly duataall o 8)yiel) Jelath) 8yly> Ja Qv
oyl yanedl Colb ad Sy die Boled e  doyd 8,20 UM 0 C
Boyre dgz Byd 93 sdsan o o(l) bl JLgS HIS pped ok diylall oda (§ 1du5L,gSIl diglalle-1
AL Aabeall Cass g (1) daslae 43ia 33 5381 g Ae SR (e A Hloiasg

q = ItAd (2-24)

Example: Calculate the specific heat if a current of 10 ampere (A) from a 12 volte (V)
supply is passed for 300 seconds (s).
Solution: 1=10.0A, Ap =12V and t =300 s.

q = ItAd (2-24)
q = (104) x (300s) x(12V)
q=36x10"AVs) =36k

The result in joules is obtained by using1 AVs=1(Cs*)Vs=1CV=1)J.

&% Ll (1A = 1C s7) Ol iy A 51C 57 8umgs HLall (el 5 (Coulombs) el &byeSIl el

13YE o 8yheiadl A8l d51gall Busoll O elldug (1V = 1) A?) gl 8umgy (ulisd dgand!

q=AjJA"s) =]

If the observed rise in temperature is 5.5 K, then the calorimeter constant is:

q, = C, AT (2-23)

c, = -2
OR v AT
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v=(36 kJ)/(5.5 K) = 6.5 k] K™*
Glly hgidl pasl> JUall Juw o o Bole (o daglae AS 3y iy gdy AW ddsylall -2
& Bl pold (09 Loglan dBlim! (po daz Wl Bylyall ST 005 dylall o as g Lasls sty
((2-23) Dolaall IS (o C dosd d8ym0 @iy Bylymel dayd
Q@ 0l 5l 3ae3 ddoc BT sl plasd] e § 35 lld Jhasug Byl S e Blall Jas! die bl
a5Uall (g9lud o Bgan pllaild As-1ul d8UaNI &) g ol L s @itien ALl 00 §dilanll L6 ¢pUaill
> 925 Wguw Byly> S e pladl I dlaiial) dBUall 00a (o prams O L9 pall 0da i 18)ly=S dldiiall
B2l (po JBT 095 Cgun plasl) Gl d8Uall O] 5 (2-6) JSad! (3 LS 3l i Ko e Lawmall |
0585 ol Jais o Bly> S e pladl 1 Al &Uall Gl Ul o3 3 (AU < q) Adisall
(Enthalpy) @bl Gimal lgde @llay plaill 653 AGalisgass duols § il I dglane

/£
Energy as work

@« 3
AU<q

Energy
as heat

Figure 2-6: A system is)subjected to constant pressure and is free to change its volume.
ol Jaigs cby sdadll Jiid (2-6) Dolaod! ST AU Jais) JoI 095al Dslas Geadas die JWUs
(2-24) DBsledl Le Juaz

AU qp — W (2-6)

qp = AU + w = H (Enthalpy) or q, = H (2-24)
i g pllaidl Jid (e duaiaall o 8)ymxiell 8yl daS Sy (Y1) H OB (2-24) Dslaall e
15 (2-24) Uslasdl 339 .0l
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H=U+ w((pV) (2-25)

Bl ISy ponmg ais Ol oo 3 Ul ponr Jia3 V5 pllaill s Ji p 18 oDl Aslaall o
Al Lo daiial L"ST (State function) Jl> dls Lal 4o L;JLU)” Ob dde U= Jlgo P ESTUEWENRY]
(AH = Hp— Hj) 450581 ol 45LarSJ1 daal) d5lgly 451yl

:3Y6 (2-25) dolaall zuas (Infinitesimal change) (Y1 dadd (§ caab ais Jguan dicg

Hy Hy Vy
f dH = j dUu + p f dv (2-26)
Hi Hi Vi
(2-27) Dol e uass (2-26) Wolaal) Jo81 iy
AH = AU + pAV (2-27)

ol s camd OhL sudl Jadg ($)lyad! (S grmmally dds-Il d8Ua)l o A8V (2-27) dolaedl Jied
(2-28) dolaall e Juazi (2-27) Dolaalb @) doladl Aslanll (po pAV dad e asgaillyg

AH = AU + Ang RT, (pAV = AnRT Avogadro’s equation) (2-28)
(Jbll 3a1) pUail) (AH) )l Sgixally (AU) dulsdod! ABUAIL paall o AN Jias (2-28) Wslaall

Olo glas Lol 0655 Y bedie 9 o)) Al puseidd Gus (Isothermal process) 8yl d>)> cogudog

Ul 5l Y gall e 8 loglae Lodd Blaall ¢ JUioll 5l daksing e ys

1IN ANl (399 9 AdleasSI! dslaall oo lgde gzl (Sasg L}U@J\JL:JJ OY gl ddas sl Jiad Ang

An = z n (productes) — Z n (reactants) (2-29)
JWLs (AV = 0) (8T Wl o Say oo Tazr pine 0508 ddiall ol Aslud) slgall okl @axad] skl Lol
1 QW1 Sadb (2-27) Asladl s

AH = AU (because pAV = p xzero = zero) (2-30)

Example: If water vapour is assumed to be an ideal gas, molar enthalpy change for
vaporization of 1.0 mole of vaporization of water at 1 atm and 100 °C is 41
kJ. Calculate the internal energy, when (a) 1 mol of water is vaporized at 1
atm and 100 °C. (b) 1 mol of water is converted into ice.

Solution: n =1 mol, T=100 °C + 273 =373 K, p = 1 atm and AHap = 41 k) mol™?
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The reactionis H,0() —— H,0(g)

(a) AH = AU + Angy RT (2-28)
AU = AH — Ang, RT, (rearranging the above equation)
AU=41kJmol ™' — (1) (8.314J mol "' K H(373 Kb
AU =41 kJmol ™' - 3.1 k] mol™?

AU = 37.9 k] mol™1

(b) Here the water is converted to ice (solid), so'this means AV = 0

Ang RT = 0and pAV, =0

AU = AH, and this means AU = 41k ] mol™!
1Ol

(J mol?) pwdy (k) mol™?) (& @lyd! Sgieall gl duls-Iul AUall deusiwel! Bu>gll -1
Gyl Sgieall § paill dasd (o S8 3 Ald| (§ plail) (AU) &) A3Uall § aadl dod -2
Dpo b alladll L& o dyaiaall Bylyoel oo s3> OF 98 SIS § Cadly plaidl yuid (+ AH)
0555 i)l @8 Gl el oSens Al I ALl Dol cpo slodl 925 99 Sked Jids Sy

(- AH) O G pUa oy Bylyze)! Golasily palddll Jads > § puSally

2-6-3-1 Enthalpy change and heat transfer

(AU = q - w) plal) sl dslall e yasgaidl @F (2-27) dolaal) $92-,0b9

AH = q — w + pAV (2-31)
ladg cull lais coxdy Jaad sued Jid 9o La ol Jaadl of Hlael g Wl o w e (sl
(2-31) dslaall e Juas (Enthalpy) Gl S gioeall Cooyasd
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AH = q, — pAV +piV (2-32)
lais Cod Byl S e Aainall 8BUall e detiag G3lyd! Sgieall (§ il O gouid odkeT dslaall ¢y
Adaadl M5 jaeiall sl Jad e data Vg cols
1 3YE s (2-23) Wslaal

a4 = Cp AT (2-33)
(2-33) 5 (2-23) oadolanll plastiu dic dde (ol lais o duatanll 9l 8y yxiall 8)ly3dl Jiel gp
Q:in@b“@p&:ﬁcﬁsyt@gb}dﬁiu&z@%)lt@%w@JlWlL}Lol,ﬁ)’luzg
1ol Jagd

Example: Water is heated to boiling under a pressure of 1.0. atm. When an electric
current of 0.50 A from a 12 V supply is passed.for 300 s through a resistance
in thermal contact with the water, it is found that 0.798 g of water is vaporiz-
ed. Calculate the enthalpy change.

Solution: I=0.50 A, A =12V, t=300s, p 1 atm (constant pressure) and wt of water
H.0 = 0.798 g, (Vaporized. means that the water is transferred from liquid to

gas, and it can be represented the gas of water is ideal)

q = ItAd (2-24)
AH = q, = ItAp = (0.504) x (300s) x (12V)
AH = q, = 1800AVs = 1800] = 1.8 k]

Because 0.798 g of water is (0.798 g)/(18.02 g mol™) = 0.0443 mol, where 1AV s=1].

Because 0.798 g of water, the enthalpy of vaporization per mole of H,0 is

_ 1.8k]
"~ 0.044 mol

ol lass o () yauadl Ay plasuiwly (! S gimalb sl (eld o oS b Jlgadly
oo 9 ol Ugzae sle) L Sk 9 yanall 1drg ¢(2-7) Sl 3 e goll ymumell gl el o

AH,, = + 41 kJ mol™?
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ol lass o ¢ (1 atm) GolieYl Goll Lozl
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Figure 2-7: A constant-pressure flame calorimeter (Isobaric calorimeter)
d3y20 olyall 3lgall (AT) &ylyoell dys (3 sl (old UDS (e lldg B3l e dBUa)l Jlass) 48] 50 ok
(Sl ol i
Example: How much enthalpy is produced for the 4 moles of an ideal gas absorbs 12
kJ energy under atmospheric pressure of (1.0 atm)?

Solution: g =12 kJ, n =4 mol and p = 1 atm (atmospheric pressure).

AH = qp (2-32)

13V 05856 Y gall (e skl Ll Bl Usaly @yl Sgizmall dad (e Jgaamll el Aslaoll pusoiud
nAH = q,

4molAH =12 kJ

12 kJ
4 mol

AH = = 3 kJmol™?
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