thD
“Therrochemistny

- definthon - o port of dhermodunamics. (study of erurqy ¢
s transformortions ) that invelues +he,
relofionships b/w cremicod reachons and
ensrgy cnanges involuing heot

- Erergy - copacily o do work or tonster head

N} \%
energy used enegy used
to make an object 16 enuse thel
wmass move ooinst temp. of on olbyeot
a fora to incre0se.

L How con motter hove emrgq7

A. through motion HAnetic Enargy

KE = |5 mvi M= mass Lxr%)
v = veloeity (M/s)

B. Hhrough its position relative o othur cbyects
Fotentiol Erurgy

m = mass (KQ)
PE = mgh - qravity (4.3Ms2)
really only ¢ ﬁ-—%ui%h-\- ()

Lise P{ Al {) or l(}r"g er
obitcts, not odoms
smolcblost
C. through eneray of attroction
Ele ctrostati o Potertial €naray
K= .00 x10 " IMA4%
Eoa =~ KO IQ2 Q1 ¢ Q= ch edpar'ﬁdes
d d =distanu biw portiass

1 Qi Q2 hove +he some sign (tor ~), Eel will be . =
= the charges repel eath other.
¥ Q ¢ Q2 hove opposite s\gns , Eel Wil be
. Hhu'chorges  Ottroet €den ot |
- The \ower Ee is, +the more stoble e syskim is!
SThe stronger “the. opposite charges are, “+no SJrrorger,
rore ke the systam st

P

0



Whot dees that really mean?

(” Find Eel of 0 sustem with \p 2 le” Qp* = 1,602 X0 o
gq - kO ()2 G)e"‘ LL0Z x 10711 ¢
/9 23enm
(8 910 Jm/c/? \(HaOoMO &Y!fowu() ‘@) C!m Ix1OT nm)
¥ 549><1 - 10 »23lnm J,.'L".__..)\ 2.30x|
\( ell=]| 798 /&’\{() % { X10*Am O)O

Find Eel of o ysm uo\+h 2p" £ 7e”, y

( ‘?Co 27,

Ee = (3.99 KIOQJ’“/Q»Q)(&“I(DOMO )z x 1b0axi0") (Im /XJO )

G I

.o x10™""'m %pm( Im 3
m

NN - . JxIpaT
(&1 u (?'("/M 3 %7‘2 I

2. Units Hor Enargy

ST unit => Joule (T) . colorie (eol)

S'Z

. putritional Colorie (Cal)

| 0ol = 1000 ol = | keok

(2) whot is tra Hinetie enurgy m@md ea}o—? an F\r({c:n atom_
moving with 0 speed of (LLHOMIS’ (H\n-'rr lamu = WGl xlO 580

H hout o ole of Ar otoms? otoms?
D m, = 5995@/)(4{( X0 Q}

-oo@ax “kg

Ké*zmv
-
e %(0.03&1[@ (Dkg)( 050””/339‘

KE'—' { "201< - A e e el
40 x10) Qm/sﬁ 140 %10 030 (,/ca/ ‘)\g% 0 (:;;/)J

1847

o (o oaxloa%ms) =838 @

[ Mo




Some terms to WKWnoW *
* system - port of e universe singled aut for study
© surroundings - everything else 1N e unjuer

- Types of syskums _ _
A. open system - motter € energy con ke e_xman%ed w/
tho mrnmnd'\ngs

Ex. pot of He0
koiling on o- stove

0. Qosed syskem - energy (only) con he exchange w/
+he surrour\dt'ngs

LS. !
. i
€x. on insyont heot P Type we study
pack of cold pock | eo¥ i nost otten !
3a.

C. isoloted systm - maither energy nor madter canbe
exchanged W/ +he surroor\dings

EX. oN nsuloted
Hhrmos

3. How is eNeroy ‘rans®erred ? Work ¢ l—\eoﬁ

A.  work W =urik A =distance
Fr -?orc:e,

B heot - transfer of erurgy from o hotter oyt 4o
a colder obje ¢t

1 The First Law of Thurmodynomics - Energy s consenved
in eveny pProuss '

Any erergy lost by o systa must be gajned
by the strroundings ond Vi versa!



A, \nvernol Ensrgy E) - +tusom of all the KE & Pe of

o\l thu components of o systom

-nard +o directly miosure |

eosler 40 find cha

€N
miernol energy (AE)

NE = ER-FE;
~ AE hos 3 parts
D o number  z)o unit  3) asign (+or-)
qlue +ne maonitude gives the direction
of Hu echonge of +h ehange ( into/
o out of Hha system)
N wkoke 11 hioghye
@ = ! ER
5 E ! -)('\()D
¢ B AR
L] E% S| & El
w
&
Ep < E; *a,%( Ep > Ei %y
AE - ER-Ei % pE = ER-Ei ée‘a,é

AERO Qnega:f'lue)

enurqy is lost to
the surroundi ngs

'6nefgq D/bgram
Hz @) ® Oz (O

[

HzO ()

» E 7 O (positive)

erurgy is Qairud from
+Hnu surroondirg s

Hzcad+ Ozcq) = H0 W)

exOthermie,

HeOW) - Heg) + O2(9)
endothermie

|



| (3) The, internal enargy for mges) ond U@ 1S greater Hnan Hhat
of MgUe(s). Sketch on enurgy dl(gj}ram ot represtnts +He
reoetrion:  MoUecs) = Mg ) + WUz (9).

Mg s) + Uy 9)
LUT : - %%x
mg(ug (S) /Qf«/b/,
¢
. ’D\e,\()d"\ﬂg AN E Yo Heot ¢ uorle

'\ 10ns
q_ t sustem gpirud heot — system lost heot
w + work done on thu system  — work dons by Hu system
AE + net guin of enurgy by - net loss of energy by
e system Hu system

(‘4) Gosss A ¢ @ ore confirud in o eylindurpiston arrangerunt: A € &
reoct to form solid O in e reaction: Ry + By > Cis). s
the reackion ocawrs , e system 0ses 1150 T ot heat to the
surroundings ond 4ne surrcundings do 430 Tt work on i

system os Hu piston moves downward wshun solid forms.

wohod 1s Hu change. in intermal. enugy ?
Q(; 5 C ) Aé‘%'*'(/o
J

= =150
w= 4807
AE =~ ~ 11507 4+ T80T
= T FOd

(5) codovlote +Hh change W\ wrternal ﬁzmlrgq for o prowss i
which +he sustem” odosorns )iL{_Q;;o@ ead from Hu surroundings
and doesfj[‘a_zgﬁgmﬁ onN meoundirqs.

Aéfzfu)
. T | bEs 0T 1 7857 = TEOT
L@t - 39J



More ferms.
« endotharmic - process whan heat flows indo Hhu systim
' From e surroundi (&x. metting ice)
- exothurmic - proass when heat flows from (exits) Hu
' system 1o tho surrwndings-

- state Punction - o property of o system Hat is determinud
by Hu stode or condition of +Hu syseem
not Y how it QO to that stofe. itsvale
is fixed whan temp., pressure composition,
and physicad form are. specified

PV, T, E, ¥ H are state. fundtions

Cooling suiiiing Firg!
> & \/r
e — \______/

50 ¢ Hz0(2 509 HO (L) 509 HeO(s)
@ IOO"Q @ 2666 @ b) C

5. Enthalpy (H) = reot Bow in procasses occorng @ constont
pressure when nO forms of worid othar than
-V work ore dore.

Z+
Consider enis i 2nes) + Hlag = Zn @) + Heqa)
PSte” i3 —piston

28

| Hl(aq) HU!“%‘

He @) being formed does work on +ne piston, raising it
w = 'PA\/ oV =Vp-Vi



5. erctholpy. (H) - heat flow in ProCesyS ocourring @ corstant
pressure whnen no work otur than £~V work
ore dore

+ 2
Consider +hw reaction:  2Zn )+ H@Q) > 2n Q) + He.q)

Q.\Q‘}ﬂ\ r\a/g

Hz @) is formed
doi nq work. on

e PIStON

AE= QG T L)
= ~PAV
AH = aDp Entholpy — heat @ constant f
alH > O Adlie )
endothoimi ¢ exothormie

/



Q}

Al = A(E £PV)
™ NE = qu)
w=-Pav

-
A0 ) — W
| ertholpy = heot @
constant P

sH s poOsitiye = endothwumic
s It is regative > exothuumic

,((o)’\)ehrmim the sign of AH under constant 17 in each process
N AN ik cube melts
+ A

2) Vg butone is combuste in sufficient oxqgen 1o glus,
comp lete combustion to Oz & HzO.
a4

3) Supposs +hot 1g of butare € enough oxygn are placed ino.
inder piston arrangament. Thu cykinder is insuloted so No

hebt can escope. A spark initractes combustion  which forms
coarpon dioxide and wodter vapor. 1f we ustd Hhis_apporatus to
measure ernthal py chongrz, u.)Ould_ﬂ'u)_ pi sion all, or STO(/

e : /5 . -
same : 2. Cytho) (), ) >§ CQ;@ (9) +/O/‘L?d@}




L. Entholpies of Reoction
s H = He - Hi
for oo crumicoal reoction ...

/SHr,m (s H roducts — Hreﬁt+&ﬂ*‘3

Combustion of Hydaen _4&3.(11@
[¢) _3( M‘
2 Heeq) + 0z) > 2H:009)  nHxn = ~483L KT

Enthalpy DIOGrem
2 4z +02¢9)

&bl—\éo

2Hz 0w
GQuidelines

) Entholpy is an extensive proparty. ,
Ly dependent an-tu amount ¥

reactont consuwud !

{e—7

2) AHan is equol in magnitude, but opposite in sign, 10
AHevs, o

tx.  WHq@i+ 2020)> @)+ 2H:0q) sty » “¥I0 KT
002(Q + zH:0@) > CHA@) + 20e dHnp = +3A0 €T

3) MHnn dopends on Hu state of +hu reactants and/ proauets:

®



N entholpy is an extensiue propecty.
L dopends on how much ot e reactant

S consunud in 0. reaction.

) sHrn 1s equal in magnitude | but oppesite. in sign o e
reverse reaction -

H4(g) + 202(Q) > 2 + ZH0(9) sHmn = ~890KT
zeq)  +2H0q) = CHq @ + 202¢9) dHrus.on = TgA0KT

3. aHon dupends on +u stades of matier of 4he regctarts
and producets

& (8) Hydmogn Quoxide can deeompost 1o water and oxcf%en by u

oo J( B“’TT
2H: 02 (L) = 2Hz000) + 02(9 HHn = —iqQ kI

o

Catoviate +he value Whun 5009 o H. 02z ciwynpom
at wnstant pI’BSSuf(;é\ %

0031"306\( mol Ha()é) /4}’mozkla0a( (9 leT" )(\ 14 I«) |

3¢g Hada 2 mglHtal,

Ex () pnsicer e reactcon © Z2MGes) + Ozcg) > ng()fﬁ) ¥ 0%

A Han = ~1204 T
Qadovfots Hu amoont &f puod transterrecy wiun 2. L/% my

reactrs at epnatant PESSUE. |
A4y ( g Y1301 KT :Q@
57‘/‘9//779 21yl My S

Now many- grams of mgOcs) are produetd during an
enthalpy thnge “90.0kT 7

" Q4,0 WL ZW_)(‘/OQ mgo 5.: 6. 38910
1204 3., [ mol PO



Y. Calorimetng - nuasvremunt of heat How

» huat eapaeily - ameont of huot nuidid 4o raise on obpet's
. temperatue by | K (or 1°C).

- Cm (molar huat eapacity) - huat copaciey & | po!
ot a substand

- Cs (speaie huat aapaaag)-giat %m Cfﬂ /4
o

s = (quanity of mat transterred)
(grams of substance) (hange in domp.)

g & __9&[:
m-b

& o) Large keds of Ieks are used 1N sod Solon -~ huotscd horrus +o
store huat. fissome tHu speeiffe fuat capacttly of Hu rocks
823K,

(A) Callewdatr +Hu quantity of huat abscmked by 50.0kG of poek
o e Eemperatore incuasey by 18.0°C .
. = (5 x10'g) (. §2.I7g k(R .OK)
g
: 500ty = 5>"D%,
(= .829/9K
oT = 13.0% = 120K

B) whot cemaerotire ehangs. wav (d st roeks  unango 4 g
amut 450 kI of juwat ?

yﬁ: -‘/5{) Ky = "‘/,’J'Z),(I'X):)m "‘/50,0&)3 = (5 7‘10(/9)(‘ 82 d’]%k\ A—T-
= H*I0%

Q= .82 TgK HOOUHN | = AT

K£T= 7 (5 x;o"gY.st\ng)

(L1096 K - o



A tonstant -fressore. 0adorimuny . "Cofter- Ao "Calorimutny
- o phypicol pounclng- bl tro systum (reaction ) and
-t surrundings Cealorimeter ¢ woter+ uniuirse )

SOAN heat gaired

by. e solustion is prodooed b% -,
reactioN

& () wpun 50.0mL ofy « 100 AgIO3 and  50.0Mb of « 00 Hel are muced
in a oe eup calorimuater, Hu dumpLratur®, ingeases Fromo
22.30°C to 23.11°C. Thu tumperature intUL0se. (S oawd%;#u
reaction

AgNOscag) |t Hllwg) - AQCLEs) + HNO3@g) ri'-h(’(l{'

Colovdocth 8 Jot 40 tacton , in Kol Agl03, acavmings +he

combirad-solctlsn o . mats 0 100,04, and a- spectgic duat afy
Wn‘z’.!S” J4°c. T

g .0 1) = BUERT
r% E 3)00 0 339 k)
¢ =~</./,§139/r

C  Npguo= . 100M + .0500L = 005 mo] Ag
AT = 23.//°Q.9 s s

i,

~88.30)%C 339 kT Liar (o}’.%ﬁw
TN 005 mal Bl K oo PG
& (2) whun o. 955q. samp e o SeLid sOJwm_hydlOxida dusaoluus in

100.09- WAL in oL o Cup caloime ter, HE Gumpuatu
e m 23.6°% o dF4°c. Golewtats _aH Cin K7mornjagy )
et 1 CLAA 2 g
NaOH sy 2 Na gl + OH cag!
me Hu

8@009 S/o.e@aé/o,. Y%eze W-fhﬂ SOl LAECON &) MQZQ“Q.
/I '

e /Cp';) 0.5 = - /(}?. J :
A /8% °c,59 1835 soln (753 )4/ 8%5% )(25.8)

AT = Y24 % = 16898 ':_

o T ——
723.8T 5/‘{1 "/0-9()/6}: —‘/5(”(\]/‘""’@

(n

239!




