§

¥ Chaptef 61 Tnetmoche vﬁ\s&g
*6 1. Eneﬁb and s Umks:

enerqy: the Potential or capacity +o Move mastel

* We will explofe the meamng 0 Kinetic , Poretiol ,and intel nad. enedqy:

ilK;'wH'C' E“’S‘j‘ % the ene(gy associated with ar object by Virtie of its mohon

" moving’ “ |
\‘(E =L my? -;—-——'-> the ST unit of energy Kq.m75% = jodetdd
o2 =D Colorio(eal) is anon-ST wnir of enefyy commorly u;'e,cl

bj ¢hem.'srs,on'jr'n@ debined as the eneryy reiure,d
o afise th rewpe@iule ,°p one gram of water 1°C.

1cal 41847

s AT

can
*Examp(e: A batttavels betueen 60 a4d 90

mntﬁ pec hr'ﬂ ﬂja[dr IDJ-“ w‘_"j""_’tj ‘43—5 t(duds => Wwalt = J‘,wfc /s

75 miles per he (33.5m/s). what is th KE of this
ball 2 J:,./st Pir caones?

r 4
2 33, m )
Fic =30 mV" <l xoms Kax 52

A \g.2 col
L2 G s
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7] Porental Enelgy: the etey an object has by Victue of its position in a Lold of Roree.

o . o

\'E _mjh] => J= 9.g07 m/s*
p= |

J Me mass

h = hespht

J Tternal Eaecgy: is the sum of He Kinehe ene(gy and potenttal oreqy of the palhcles
makr'g be a substance.

P —

tEb'Ob - Ek TEP +l,£ = (L is the inkernad. enelqy

—

¥ faw ol Congervation of Everdy? = Qist Loww o)) thecmo dynamics .

’E’w‘:ﬂ) may be conve(ted $fom one Qorm 1o anothec, bbut #he total ﬁmaﬂpb of ene(qy

emainé consrant

9/
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4 6.2: Ficst /aw of Thermodunamics; Work and Heat

* Thermodgnamic systems the substance of  mytule of subsronces tha we
Sitg\e out af fo¢ Sf-udj (Pe(]’\QPS l\ndud\'ﬁ Vesse/’)l'l‘— which a
C\\O«‘\je OLLWES ,, and (} can be called s-‘mpb the SﬂS%@m-

* Sul(oundings: eve_(*j-\)c\if\_g it Yhe \:icit\'\tj ol the thetmodynamics System

Q\"S en (o n,mem-)_

wof {: \s an ene Gy
Mo System  whose € PPect onthe suffoundings is ega.'m(e;d ro woVing

objeck haough 4 Leld 00 foccew)

* Work and Weat:
53 t(an$Pe( (o(' 65’16‘{53 ‘Q\OW) Wo of oW o_pa }I\menm-

Weat (9):1s an ene (gy teans Pec @“eﬂﬂ Jlow) tato o ot 0fa Jte(moéjm-
M Sostem Whor  (esdks Qom atempelttu@ A Weence between the
Sustem and ke s.u.((aunA{ESs.
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Process Sigtv

wock done by the sysiem onthe SUfUANAYS

Wwo( l‘ dOﬂe on “c 85 em ‘23 u! sw(omd iﬂs I — ——— +

Near aosoioed by the susten  fom the sufdundings (endowmerwic) > +
Weak abosoibed oy the sucownndings  Qomthe sostem (exothefinic) —> —

* chanogin (ttecnal enelony u {A U,:U,—Un j
% Ingernal 'e.up,(ga s an eXtehsive P(ope(_}j,bkaj— (s 41k 56{35@35 on vhe amount
OQ substances n Ve sustem

*Tnfemal ehe(iy s also astrate Punchion - .
kS
= stake Quacrion :is a Plopelty of a System thar depends only on
Peesenk Stake, which i deketmined oy vo(lables such ag
tempearne gnd p(ess ne and which is inde endent ol any
Pleviols hig to(y o0 the sustem

Bah Q\M\WOA’\:: c\epenc\ ol We W Q«\@p&\ﬁ}
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X -Q!Tﬁ} [d“/ 00 \-\x(’,(\moéj“am;bs’ the (,\.u,t(_\ge Y aveCnal.

Q 2r A
ey‘Lﬂ% of a sSustem, AU, c:q/ua[s (I.{_w (hmf' p|uf. wolK). 10+
e ——————————y ‘ e
Cluball il i
% Example: e worlt done whea a qus is complessed & 2. st
a cylindec (¢ 4627 Dunng dis plocess, thete ol @a‘“ Pesson
S o heat tansfer of 1223 Qom the das o re Person A
sufoundings. Cdedoke Yhe enerqy change Dot Uric ¥ flsgon 1 ka;'a{ eie,(s
e potenr
it w623 Zasm 2'80? ecson. 3
A= 9 +W g V283
=129 W62
= 33493
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3%6.3: Heat 0P Reackion: Enthalpy of Reacion
% eXothetwic Plocess: a chemical reacHon of physical sate chandge
which  heab 1s envolved of (S (deotsac\ Q(o\m the System-
(4, is ng.dh'\fe)
kendothemi process: a chemical feccHon of 4 \ohjs‘caﬂ change n

whiche \eak\s  enysieed olbsorbed bD the System.
(‘lis o gEive)

M P{essure, -Volume Wor k:

= 6400}(,‘3 the ne%a,u'\/e ol the P
oD &l\(\e 3§l6m

(ecsule Bmes +he d'\arlae A Volume

FW _ __p AV  . v Pa and m’
- 101.39
Lol = C20
Jatm =\.0\3 x\0" P — \.O\3 x\Oz

- 3
:{ind,_"fsz‘osm -\0\.3

75

Scanned with CamScanner

|




*-Q
"
1

Exvo the(mic.

> Heat

Heat-

E—"ldo ¥he(‘ TI.IC

ak?% j

Scanned with CamScanner



d;t:jna(c volume Ny N

_ S Q
¥ EKG-W\P\e’ C H‘i (3)+ 202&3) COzg, + ZH b = laml ;013 J

A7 2 350K
kk( l\Ca‘T 06 {CGC“"iO{\' ak -f—,?—’l'zrlaﬂd ;L—a‘é.’m I.S "g%E-Sg iL(\T

+» what & Ve d/\a@e.iw Vo\ume when i,_(_)_gmg\ o CHy

+uwhat s W9

+c;alc,u[au— AN Ve Qo( “,\e' dﬂaﬂge {(\c_\‘\c,dreé \O_'ﬁ N3 (,\I\Q,‘(“‘\C.GL CQU(JM‘Oﬂ.?
QT paRT (-3 xoo82 P2
.-——"'"—‘ -

P
(ec, C¥S with 200 mo\ Oy ‘

RT
® bV:“QQnal—\Jit\i\ldl=M—<—D-—‘— s = —p ]
:_.5;!_\NL

© W= -PaV - atm x-BZ4M Lv

= 5ZYY arm L x|01.3 = 52137
- 58KJ

© DPU=a xw =-2¢55KT+53K _Q79.7 KT

o6
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#Euhd.eb and Eathlpy of Reacrion

. Mme
p \us presswie P, &
& Farhalpny the weinal o ¥ the thermodynamics syziem U, plus p

(") Vn\un-r V S U — \
Weua PV sl NN

v ” 1S A slale Quc\:li@l\-

W= gaW =9 -Pav =9 . RT AN = e Mpgus ~ Mreacrans
g '

\ll/

—

T ——————

' 4 f mel ,U‘-\_ \P(\‘-r\:‘)
=> d - /)l( } l\"_\_.v -\ ! ' |
U U APV - PV = (Mg PVp) - (u; +PV:)

— \\p— Wy
(4-84]

al foved piesswic aad

. (e
a -‘wr Wi te '-}7“‘” "

.__:-—-) ' ‘ | p. P
\ L Holl ak a q'vet aad Hyed
we 'fpﬂo‘.-? ko ‘l'( (\\11‘0:' A r-,\ﬂ\n\‘m ,.\“. P.\ a 1(eal 3

as eﬂFko\P_ﬁ o reacHON O\ = “ﬁd‘(}-“(mw’
957
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»* Example: colewfare Yhe chanee in ive(nod- eneqy whea 2moles ol CO ale

conveed o Zmoles of COz ak 1 arm , and 25°C
Al = -566.0 K3/ mol

— ®)
QCOL5)+ OJLS) 2¢C Z@)
AU = q,—\rw q,: f;\-l
- {ar
= D“ *pf}\’ ~. Z;;K
:'-D\-\ ——DWQT DW:Z-Z:—J#
_ O\, 2o 8.3 I Ripe¥x 295K
= -bHgb Vjﬁ - (‘\'\_‘r

-~ 566 KT /mol + 2.5 K3 /mol

Fﬁse&s KT /mol

982
a
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* é“:T\\ﬁ(‘mOc\'\,emic_QL E gua.;ons_
+ themochemical equakiott : chemical equ |
Qabels) in which the cq{uah'oﬂ. s
and ¢he em'ﬁalpj ol (encson for

“{(ec“\j adier the equakion .

2Na,,+2 HOm 7 2000,

al'l‘Oﬂ' bor a [eacHon (,‘ncludt'ﬁﬂ p"‘lﬁ-sf/

f,tlefpfﬂd‘—{ ors

given A molar
k< s wlnten

‘phase m&fa( amm

*W,, b AY =-368.6KJ

x pwo 1mporrant rules : o e o 8 >

sHon

plied by any fackr,

Mo valie of AW inde orvginal 4

Bwhew a memeohemfc.aL C¢dal1°ofb ‘s mulki

e pew a}ua}éoﬂa is obtaned by rnu[h'p_‘j('}j

by Mok  sSame Dacrof.

2] whea ache micak equak

2
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*Example: W'/\en 2 mo\ \\26) and { mol Ozd) feact to Swe. A‘f,md wakel(, 5722KT ol

Weak 6”’0]!/65 :

- 572 k]
oh, .+ O, "’"’5’2”2041 s 8

) J) )

¥ 7] b 4 ‘A Wh'(_"\- .{mo,
wiite +he a;aahba, e {mol of ,@uac‘:rm('_ (aive M?(evd.se 3‘1,”““0”"
op Ilg'q/wa waj—e/ Assocakes o Bt\(oser\_ and o)sﬂseﬂa:
. . -2@6 kI
© W A0, —>HOy P TN
C AW = 286 KJ
™, W0, >V, u/zoztgn 3
loo
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¥ 6.5 [pplying Stoichiomery vo Weats of Reacxion

Mass obh wsisy mol A ks Heak (KJ of vest
(5 ol ceacrants . o¥ veathon
X '(odud’fr)

5 . ’
*Examp\e,: How mucht heat is evolved when 9.07x10 4 o) ammoma is pleduced

N,c,o(d{_g o the Sol\owirg eq,ua&:'oﬂ? o i
H, f7 oW :--91.9k TAA
N2c9)+3 ___%@v ’

&) 9)
< rlog "’/_F_;;
\# %p, Sntsl 2 M

\a)
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*GMP\C' (ivent he  theimo chewed, equahon

250; 4O —» 250,
L () 3

&y (MW 6Y.07 9/mol

y AW = -198.2 k1 /mo

o conve(ied to SO 7
Lc(((l-ll-‘(f 44( hest (.Ala-'lrd when W7 04 ol ) e

an, 8798 SVRZ KT a5 ase k3 A\ JB

{1,079 gat 2 met

2
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#Measunng WMeaks of Reackon (£.6)

* Heat  capaciry and  Specilic heak »
| (G

Neat Capaoil:j(c): the 7,uaﬂl-ffj 00 heqt added needed to (dl'SQ Hhe M:ien)

o0 she sample of substance one degrée Colsits (o one [lven).

1:6 At-] => Db is e change
PSSO S, .! i tempecakuce.

ed 1o (wse
Specilic Meat Capacivy (specitic heat): the guansieg oP heat (<44
'\'\\e' \:GMPQ(&M@ oQ one 3(am ol a cenbstaszice ‘9_9 onlée

. 7,
d?ﬁ,(cb QLSI’MS (b(‘ ale !(!/U&n_)a" cCMStant Pfc;)‘ll

B

”-‘1 =- SxmMx Ata"

L l l »_ k\ the change 2
sp 8a'9.‘c Mmass. !_enpe{alufc-
heat .

lo3
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co | e@t
¥ EXN”P,&' Calculare the heat absorbed B \_5’.23_ of water raise its P

dorm 20.0°C t0 50.0C (ar constant pressule) The specillc heat oF

412, 3/9.C). I

- At
d, = SM o
:‘{_.EXE’—X.?—Q \_fii_x..‘.—’——*\

watel” 15

50 -20=30C

¥ Neasuremett oA Heat of) Boackolt:
— Calaﬁmde(‘ a (:le\l-[cg U&ecl ko measne 4”13 hea]..
c\uf\'g a QBS{(.aL oc chemical change -

Calorimekel dlso 18 conscde(ed  af isolated _SJSHM')S
—_— ‘

absorbed eof evelved

75]( + O s Q(On" thﬁ p(evl'OIU j&w}:
=0 _ )
7"9’ : isam( +qé.¢L N C}D(ﬂ D = ms.AE
%xn’ z — (q’waéof 3 caJ Y= a2t

o'
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# The Collec-cup Calorimdiel: (constam pressute calodimeker).

1'(“»: AM = Von =

X e Bomb Calorimerel Lc,onSl-anl- Volume CaLoﬁ'mder):

%

¥

= AH when +he moleg aPSas yemast. constank-

au’ | i
o = = Feat e w—:’// . ) Cubeay
ZE 7 i .
4: 4 / - °p lﬂjw
=
7/
/
b4
2
S e ) pf g
- of <
Unlﬂcﬂr l/l- — bl’ﬂb
wi\ C““.G‘n.l— Qor &ap“l'c

05
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. C .
i:f‘f;"s%sfg g of graphite is placed in a bomb calorimeter with an excess of oxy-
BETHS tof U"C and 1 atm pressure (Figure 6.16). Excess O, ensures that all carbon
© torm CO,. The graphite is ignited, and it burns according to the equation

C(graphite) + O,(g) —> CO,(g) s AW

On 'rcgclion. the calorimeter temperature rises from 25.00°C to 25.89°C. The heat
i&dgl;y of the calor!meler and its contents was determined in a separate experiment 1o
20.7 kJPC. What is the heat of reaction at 25.00°C and | atm pressure? Express the

s e

ar;es;ver as a thermochemical equation. (Note that moles of gas remain constant, so the
pressure s constant and the heat of reaction is essentially the enthalpy of reaction.)

C =207 RI/C , ot=0.29°c s M = 0.5629
7 _(_ygd K

N - 25628 mol ~ o 0468 mol C
SR

AH :_?:-—:-‘393 K.S
0.046% . AH:..?;’?.? kY

52 1 M)
* Oz(,ﬂ) C a(_ﬂ)

I

7(){» B 1@( S

c(g{aplﬁw)

\06
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Suppo
ppose "41-%“&3"_“".!5.' is added to 42 mL of a solution containing excess sodium hydroxide, NaOH, in

a coffee-cup calorimeter The solutio
. n temperature, originally 25.08C, rises to 31.88C. Give the enthal
change, AH, for the reaction: ' Y ’ o

HCl{aq) + NaOH(aq) * NaCl(aq) + H20()

dEXprless the answer as a thermochemical equation. For simplicity, assume that the heat capacity and the =
de:ls ty of the final solution in the cup are those of water. (In more accurate work, these values must be
N:;:“"‘Ed-) Also assume that the total volume of the solution equals the sum of the volumes of HCl(aq) and
(aq). = e = 5 -
Rpesiad Steo =118 3/4.C

. =5 3T /mol & % 6B = BI2:O -3
q e i om . ISE = s S "’"‘—;x_uﬁ_ mol
r — (1; - A

ol —
e = —=-5Sm At :-—‘*{.\@_ x?téxa/x 6{2,@’
A

O bH,—Bg.qy'er
et NeOMH s Mlallyg,*
NV HCl ~ ) &Y

’ l (‘1)
- O.08M ol HC

_ 53833.20/m
We=-0396 _ 53.8 KI/md

\o;"
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% Exa.mple.- when 1539 oP NaMO, was dissolved in wateC ir a cons rant _ pressuie
Calormetes, the tempeiatute Pl Som 25.00c po 21.55c. I the heat capacity
of the coluon aud the calovimetec 15 (071 ‘J"/C, whak s the en#ha,lpﬂ c_\«ange.
when ima[. o? A/J-Afag digsolves w wateC ? o solukion Pfocess Is

+ =
N /\/03(5)————%- Nty +A/0~"@1) sol=7

- 3
m”aﬂfﬂo;— \5. 5
- 24Uy c q’r.mz " lea . V5.3 mol = O, \gmo
ot Y 1071 T K__g_qq/<:M)—" WW
C :\O?i U/C S ;26‘ DH?Z — i"‘"’
. @, ]
H=Amol N“ﬂ_/ ’ Al - 26812 _ pod67 780/

(O8
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%4.7: Hess’s Law:
“Oc a chemicd equakior i can be wiitter as k
steps, the en{/zalpy change ot she overall eqaation equals the
enthapy changes Qoc e idividud steps™

he sum ol two of mofe

cum of the

2 C(ﬂtqph‘u,c) +COs R T 2C0 g,
2)
> 2 W —(-3’!1”6’(3—)"(
Q 2 Cscaphiu)* Ozq) 22—'-/31 A 4
, e AW, = (-566 KI)xED
3 2cor; 20, *Ortiyx  BHs = (PO
)
- _ _221.0K1
2 C gcaphive " Cz2gy—7 203y oWy = -2
(I(aphite)

109
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%Example: what is emhalpy of feackon, A, Lo the brmation ol tangsten cacbide,

WC, Yom the dements?

=== WC(S)

Wé) % C@ar ki)
; ol =-1485.8 K
ﬂ Q\Wé) +3 z(s)ﬁ%&‘) ol %f

> =

2 G(sraphu:) j?é){ "“”/QQ/

AH--393.5KJ

wo ; x
<§£WCGJ*?_O_€9) === 3”-5) = =
® - +2391.8 K7
sl % %@;? SH = 2
W@j (s |
. . _Jo.5
__.F-—"":? WC(_S) ? 9/&/\/"’\’\’

1[]
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¥6.3: Standard Euthalpies of Formation

. " Qo
# Srandacd  state: the standacd themo Synamic conditions chosen j‘;& y
substances whep \35&1'15 of compahy Ye(modwnamic. datdt:

Pressute and the speciliad vempecapute (usualy 25°€),

% AWis called as He standacd emthalpy ol eackon:

#aﬂoE/oP@ one O‘Prl—wo o mole dgkhnct Lems ol an 5&9]}160’“’ indhe same
Physical srare.

¥ eheconce Porm: the srabdest Porm (Physicol state and dlorrope) o 4 the lement
wdec stand ard J.lzsemoc\_ﬂnam{c. condirons

¥ The standard 6,“_;\043& o1 Sormaron dlso colled as standacd heat o¥

go(maH'Oﬂ"- the enkhqlpj chomje 29(” the Qo(‘ma.H'O{L ol one mole o e substartce

/ : rm and i
W e sranda@ zike Pom IES clements it theic @felence fo

Md( standad srates- —-»(A\-\;)

1
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N ER LY
Oy, +4ck  —ccl, +dHel, o aN= 2]

— ;A o719 kT x-1 —
%""’-";‘:“’2 ”:U? < H"’c’) ’ b“c C‘z = O

C - x2C\hay —> CCly 5 A = A75Y KT B
,@4@ ) 5

: > . AW, =-92.3K7 x4
*%Lﬂ)*- /z@'C‘za‘ . \-\CIG) : ’

7 . 74.9=0M
g CH /Ra i’

° _ _Yy29.7 K
C/Hq L, — CC“'@ A, HINOH )

&)

‘QAH -
= 1,4-\35,‘4+‘{x _92.3| —
= Y297 KT

E. YL AH (PCO&ACFQ Zm bH (fmtcfam#s)’
(ix _74.87 +UX O)

YR
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¥Example: uce vaues o AW, 1o calculate the hott of vaporization, SH. o4
cacbon disul ¥de at 257 e Vaporization Pfocess g

652 )'_ﬂ CSZ

s B
AV, = g9.70 AHe = 116.9 o AH o)
o AH;P z ZWM@&’A“‘K Em Lfm)
AHW — 141169 =1 x8970 |
=272 KJ
I3
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!—EXamp\e:L(m,e ,u(uthuf‘? of) ammonia ale wsed o ERpAE wHic acid .
‘ atalch ohdahon o’ ammcﬂod lo Witic

—ﬂc Q\'Cs}- step c,onSlS!-'S oP the ¢

oxcle ,NO. ‘{N”r __,[ ,_h___y-{ ,\/0 + 6 /40
?
what ¢ the <randacd ‘mkn/,\’ (/tﬂnqc' fox Jh“m/téﬁm’ AU, H. O - -241.8
‘--\'“l’ N’l‘-— -\5.9 AW (“..q = 0O [\/0 = 90.29 ! )
L\,Ho - = /\.‘K: () SANH (read) .M
I \

. ' O
MQ/\Q@ 29 4-4x 24 g - (Ux-M2.9+ 2%~

i et S

V\ll ) vom\

ny
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#’Emmple:&ivm the Qo\loun'\fg doka, what is e value o} b“'(CZH’O’W)

\- —
Naaq x G, Hgoe'n 13 \-\lO@ ———-—>/\/aCz H3Oz 'BHZO(Q
©9)

o | ° = 7109
fLote vhat: b\-\“": —19.7 Ki/mol , bH‘, [\/a;) = -239.F , b“g MC:’H:Oz.gHsz
h \

, W WO, =2259

N5

Scanned with CamScanner




