L.

“Thermochemistry,

+he study of the heat ent which is associated.
w/ chemicol reaetions and ph%sn‘cod changes (like boilm%
or ‘Preezing )

eneray - e abili-hd. 1o do work or producs heat. M exists in
4 forms.
- potentiol enerqy (Pe) - for us +his is the energy stored in
e chemical bonds of a substancs
‘Kinetic energy. (k&) - related to the constont, random maotion
of otoms £ molecvles. The h[gher o substonat's temperature,
the faster +he particles move ¢ the higher the Kinetic emrgtj is

Low of Conservation of Entrgy - Inany chemical reaction er
Physical procsss , energy cannot be ereoted or dustroyed but it
can he converted from‘ore form of enurgy +0 aNGTALr. Aiso called
the 157 Laws of Thermodynomics

For example: Propane, C3 Hs, hos poterttial enogy from the
strenath of the coualint bonds dhot hold +he molecole "fo%f:f‘hEF
oM TH
{ I i
H-C-C-C-H
Ho4 o H

When propane reacts w/oxgun Clike when it's burrud ina qas grill)
the bonds holding the propane (C3Hg) break apart and combint
w/oxgtn fo form New compEounds, €Oy & HaO. The bonds breakir
chunge +he potertdial €Ny irfO KInefiC enurgy in the form
heat & light.

CaHg +505 - 3005 +{Ho ¢ enugy
(heat ¢ light )

or

.
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H—QF-IQ{"&"H + O:Cﬂj —>9:C,—:9 + H—?z + heCrfF./lgh+
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3. Meosuring Heat

+ heat - flow of energy due to oo dijerenc in temperature
L

Lets b unHs for heod
e ol eadorie cal) - defined as the amount of entagy nezoleot

g M 1o ralse the temperoture of (g of pure Ha0 b(j’
% R e,

(s%%#°\ s Calorie (Cal) - is o. Xilocarie or 1000 calories. This is

cp}@}(e,,,rg‘é ‘Hhe unit used 4o Measure +he amoont of eney

s «  Tood will give you

Ly joule (T) - 3L unit for enurg (lonl. =4184T)
* this is Hhe unit we will use most orfeNn

- specific heat = amount of heod nuoltd 4o rarse +he femperature
specific heod P
of 1 of ang substoned by [°C. Each substonc,
has its own spreific heat-

L The higlrer +he specific heot $or o sulostanct, +he more
energy you haue to put into it Ho rarse the temperature.
&xample.

ReTe ?ou Qo fo yowr local Comwmd pool in
uly . wWhidnis lhotter, the ec in the

il pool of the toncrefe deck surroundfm}/‘

Q,D(\C,(Q/ke' the pool?

L

The Spec'hgio, heod of concrete is reaﬂg low)
compared. to woader, Thot means t+

mgholﬁ_bﬁﬂi does not toke Had much enu rgy Cheod) 4O
water = 4184 T/g 'C moke concrete's femperadure 10 INCreqse.

concrete = g4 I/g °C, water , on the other lhoungl , has o relod*iuelgj
high specific peot- That meons wodfer can
absori alot of enargy theat) before if

worl change tempenafure .

“Trerefbre , +Hhe concrete get hotter thon
+re water.



* Caleuloting neot

GD: m(‘,AT

ch e In
f é \ 'i:r!;?perm‘ure
heoct mass

specific heat
(in joules )

AT="Tr - linitial
(ingrams,g)  (n T7/g°c.

(in.°C)

b This procss con he endothermie or exothermic
tiv Q( is O DegQ"J ive_number
b/e. heatis bem Wie. heot is being
adadud into the wsfem

released. (exiting) -Hrf system
“Tginal > Tinttial Tl < Tinitial
y.

Exomples %: m-C-aT

AT =" TPindl “TTin#al
o /\/\r\\'\\(l /\Q\m
1. [00.0 %—

of silwer is eodled Pmm 47.0°¢ 4o a temperature of 2.0%.
The specific huat of situwar is S 340 J/g" How much

is released ?
/s ‘fh/s prowss enduotharmie or exsthormie ?

= 100. o?; - CIOO §)(. 240 790 ) (" 10.0%)
= . 340 94°¢ < Slghrplmn+ 42:9 ures still apphd-
AT= 9.6°C -25.0°C. =

= THe.0%C

H's exagthermic hecause % is negative

8. How mums ajpsorbed by o 35%’0 x10” g plece of granite os it
heats +hrou houst the a/{’ from ~12.9°C 1o 41.3°0! ¢/ The Spea/f/c heat
o-Pgran/-fe_ IS 803 T/g°¢

“Tinitial '/.g(nq)
a ri? = 3.580 xi0" ¢,= (3550 x10°8)(. 303 Vg )(54.1%2)
Qi =1.303 3 .
AT = 4La%e-"139°C Q= 155523434 = 15L000 000 I
= |54, 1%

O .50 x 1081~
It's endothermic because q is positige



O ; Tiniriol , , %
3. when 10-3g of eanolo. oil ot g9.0°C is placd in a wok, 33,‘/03’0*9

heot (s required. +o heat i+ +o o femperature ot 136.4'¢. wWhat is
i Ggeaitle heaool conolo. o/l e
&

WS 9(’333& ; %
Gy= * 3340 T o7 s, Q= mQNT mlelsT
ml|= 10.5(9 00%
e =7 @l=
ST ~ 19, 4°C-325.0°C m-sT
= 171.4%C ¢ = 33407 - LA10449 137 g%

(10.3q * 171.9°C)

Try these on YoLr own. Then see 4he ansuutrs on the answr
shoet L

4. 1# t+he temperature. of 54.4% of ethanol increases $rom @3.0°C 4o

+8.%°C, how much heot Nas heen obsorbed by the ethonol. The
specific heod of ethanol is 4.443/g°c.

Calculote the omount of heot released when 5.509 of aluminum

is cooled From 95.0°C to 3[.2°C- The speci‘Pic heot of aluminum
is .37 3/°c.



Enthalpy £ “Thurmoehemical EQuartions

- v

e heot () 0K, H sounds Seory ut it's not *

of o procsss I's just o balanced chemical wquortion

ot wnstant Gneluding stotes of matter ) and. the chonge
Pressure. n enthalpy of the reaction, sHmn
The symhbo!

for enthalpy

153 H gxomples

N2 N reaction in an instant heat pack

e change in

erthalpy’of a reaction, 4Fecs) + 30qcq) = dFea03(s) sHmn = “leds kI’
— AHen falrly exothermic,
Is the chande in energy Giving of¥ heat

thot occors when honds
are. broken in+the reactants Z.reaction in @ eofd pack
znew hond.s Horm in the i

oroolL ots NHaN0ges) 2257 N og) + OH'Gag)
A Hmn = Hproduets = Hreoctonts AHon= T2%kT

L yoo won't have to coleviatfe wndothermic
obsorks heat ‘bmm

this, just undarstanol where

oLr NOAY .
sHon comes from. 4 J

- You con olso write +hermochemical equations when o sypstanc
thonges its state of matter (such as oo ling or melting

kailing conAUNsiNg
enthalpy of vaporizadtion enthalpy of condinsadtion
b Hvop A Hconol

&) HaOW) - Hy0cq) oHuop = "0.9xT &) Ha0@) —> Hz0() Aé}l T

mefting Preew ng
enthadpy o ‘QU’S.[OD enthalpy ot salididication
s Heys dHsolid
8) HaO) — HaOw) &) H 30‘(.0\ = Ha0cs)

A HRys= .01 6 Hsoliol = ~0.01)



Hess's low * Qaﬂcuzaﬂn%_ Entholpy- Qhangxs
Hess's low : W you can add & or more thermochemical WquUGHONS
1o produet o Final equation for oL reaction, then the

sum ot +he enthalpy changes R e individual reactions
is the enthalpy change or he final reaction -

EXO D‘HGS

I Colevlade AHmn %r—HniS owerall reottion
Na@) + 0z > AMOacg)

giwen the steps below ¢

() Nacgy + Uzc9) = ANOcq) aH, = 130K
(2) ANO(9) + (Uac9) —> ANQa(q) 8ldy = "1AKI

2. Caleviote sHan for +his reaetion -
Cgraphite s> —>  (diamond (s)

given the steps below :

) Cgrphite(s) + Ozcp = (Dacg) sHi= ~394ks
(2)  Cdiamondcs) + Uzg) = C0alq) bHa = ~39UKT



3. Calcuwlofe AHmn 45rl:his reacHon

_ Scs) + Oy = SOacg)
/ given'

M Ss) + %0aq) > S03¢9) | Al "395.3KT
(2) AS0a(N*t  Jat9) > 2303(9) AHa= ~198.3K

/ 4. Caleuiate AHmrn for this reaetion:
Cesy + HaOegy » 009y +  Hacg)
giusn: | |
(1) (> + Oacd - (Dacq) CaHi = T393.5K3
(2) 2e0@) + 0acg) - ACD2acq) aHa = “50lb.0KT
(30 aHad + Oag) > AHaO(9) bH3 = ~483. 1 «T



shows whot hoppens, thermodgnaml'cadl
heated. anol changes stodfes of maodtter .

“Temp:
(e

33.3°

AN

ve

(7') as oL substance IS

— Heod Q) addeg —»



