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Energia Interna

E,A SoMA Of TP0AS AS MDOALIDAOES OE EnERGIA ASSXIADAS Ad> SisTewr

+ CinETCA

- PDTEMCML
* figTerca

c €
@Ls : E, IMPOSSIVEL CALCULAR A ENERCIA INTERVA D QUALQ uES Esrec

OQuvinMicA

Termoquimica
Prof. Thiago Cardoso



L) s
y Eﬁ[ategla

A Energia Interna é uma Funcao de Estado

ESTS
IVTE M €OIAR 106 )

Obs.. Teasaw® wRs £ UMA Fungao of
ESTADS , Porauve OEPEVOE POS
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Entalpia (H)

) DEF‘N\ 9'&'3! £ uma OCFIAHQ;J MATﬂﬂéT‘C—A

r H = U-l- P.V \

Obs-t C’Wl’ossu'vlil. CALc UL AR A
CongE Gul 95 CaLcuiar  Sua EnvERCIA  IwrERvA.

ENTALPIA 0 UMA SussTAVCIA, Por@UE WAV

A\'\ - \'\7_ - “l
AH = (Uz"' PV':) - (u.\" PV.I-)

—=> A CVTALPIA § A FunvgA> O ESTAPO
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= nRT .

Calor a Volume Constante e a Pressao

Constante
@- Peocgss> A Volvnt Covstanit

Q= N+
@, - & |

@ faocgsso A Prgesio Comstanic
Qf AU +w = D + P.OV

Qf = U,-Y, + PV, - PY
(szPV ) - (U;-!' N;)

Hy
QP—“ —H.l.'.° "'AH

PfTthd

PerGcumia @ Existe Aleumn Situagad
s 7
En Que DU ~ A
AH= AU+ POV

Ov = DU+ (An)m

SL An ~ =D => WWELZAY,
Ec.. Hiloyp +R, 40 — QHCUO)
Fe.Os (s) + AU — AR, Oyts) Tress
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Calor a Volume Constante e a Pressao

Constante
L
¢ 0, = AU
Volume .
Constante ’ Eneigja )
Calor Envolvido _ Interna
Nnos Processos g ==
O =AH D
Pressao . )
Constante g
1 Entalpia
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ReagOes Exotérmicas e Endotérmicas
Ouve Likam (awve  Qug Assorun Cane
AmvEcE b)

AH <0 Rang¢dd Exot€rMica ( S5TEMA
RgSFua a)

Q < 0: Calor Liseerso

Q 0 Caoe ABSorvI 0> DAH>D: Reagad E~o<>‘i€'m\ux(
>0 :

S1SHMa

|Qe= 4]
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Lei de Hess -

¥ Owwoo uma  RiAgad E MULTIPLICADA POR %, O sev @F‘CA MLt -

Pucroo Por K.

. g umy REAGAD For )wvEaTion, O SEv
¢ Smawo> Sevs oM

DH Fica IwJ/ERTIAD

# € PossivEL SOMAR DUAS R A§C
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Lei de Hess |

(®X (graf) + 0, (g) - €0(g) AH; = —94,1 kcal/mol <— 1)

% 7C0 (9) +.0;(9) ~2C0,(9) AH, = —135,2 kcal/mol @

1
C (graf) + 502 (9) AH; =

_185,2 03 ¢ kesl/ms
CO()r:L (a) — CB (9 T >
Q%0 -

e + Keal /mel
Dl —> Cogr~ 402 D=+ E3E Iy (3)
Clyf) +Oy(p — Oy D= -4 Keslfmo

— Ccyaj) «dop — oly) By €16- 94 = -26S Keal/mol
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Procedimento
Q = N ) AH - w
REAGRD 2
g£STiau o METRIA
CoERCEMTL

£STEQANONETRICD

Termoquimica
Prof. Thiago Cardoso



Exemplo 1

d C(graf)+0,(g) » C0O,(g) AH = —94,1 kcal/m ol

d GRAFI\TE - N, = B = ?’__G_c_) = 0 wul
3603 c v > /
Q = 30.(-944) = - 2825 Keal
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M- C =.128/m)
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Xxempio
M = 2255 /el

3H3N309(l) - 6N,(g)+12C0,(g)+10,(g) +10H,0 () AH = —-6173,6 k]/mol

= l_ﬂ- > 3600 = m ‘
30y (hpNo0s Moy = == 22 - Leml

Nn
N = CyH3V309 - _-L_ - 4 V'W\
B

Q - 4‘.(,@_{13})1. LTALR kJ//

Q 2 ncgﬁgox A” _ -K. (-Cl?sjc) - - %cal-’)z‘k/J

-
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Substancias de EntalpiaNula

(D) Suesiancin Simaes Oas.. Es1ao> Paora>
N,,0: )
~ . G/SES NOARES Hy, Vs,
9) No ESTADD FPaoea® + GAS -
3) NA VARIC DAOL ALoTRS PrcA + Lidwios: Hg Bn, s Fa.

MALS ESTAVEL
4) A 25°C ¢ Jaim

¥ SOLioo: TO0> 05 DEMAIS

Oas.. Vacigpaoes ALODTRIPICAS

)
C . A;amum“& 'y .futwna
0: 0], ©s
S: @\, SmonO

r3N

. P f \
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Substancias de Entalpia Nula
No,(2) F sty v

ol F - Ha@) O g
Fe(s) v

05(3) X Oz(a)

S(romb) Vv

Ags ¥ Ay S
” X
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Calor de Formacgao

= 5’ 0 CaLok EnvoLViOo NA Formagao Oa Susstavcia A PaetirR
0L SuasTaNCIAS OE EwTALPIA NUvA is"c‘.l.&...

DM = Hewsovrsy = Heencevres = EH%] [ y %.J
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Calor de Formacao |

(TFC — Inédita) Escreva as rea¢des de formacgdo para as seguintes substancias
i D= H,
L H AN+ 20 — 1 hvoy (0 = Hewo,

b) CasQ, o1
1 Cocs) +1S(romy G — Co SOy () J LAY

c)H HCIO, ) H°
1 H (3)4 -—-Olz +2Oz(3)"—'.l“a°h. (L AH; = Mua9,
2

d) CgH1oN,0, (cafeina) A“;: “c:y&ﬂ‘o’

Termoquimic:;r . 8 C('aMJ) s Hz(a) +2Nz(a) +OZ'J)_' C; “.LDUQ Oz ('»
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Calor Sensivel
=2 Varia A TEnfERATUIRA 0O Corf

/\\1(%)

£V Ad!

VAo -

\ , VevsIVEL
Li@vI0d:
St iveL
—
7 i

SoLI0d *

EnvsiveL
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‘ calan Esﬁ.a (Freo
AT

= MEC
L Vaumagis NE

TEMPELATUAY

Q: n.c..b\'

L_- CALw ES PECFIL

NOLAR,
Ex.: nz 2mt €= 2 Jladx OT=1X

= n.c. DT = 2.245.10= 43>

/"
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Calor Latente
=D Pﬂmoca MuoangasS pe ) Fisico , Sen Pes
O¢c TEMPERATURA

Q: n.L

Ls Cawe Lareute Movar
Ex: Qua A EvinLpia 0o Cule> A looc

Cu(5,25C) — = Cu(s, i) DW= Qs =n.cl
i3 k.J/wol

MOVER  AilvEen¢SEs

Ay = 1 ats. (loo- @s) = 24s3s = Lipgd s
0
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Calor Especifico Molar ‘

1) 0S METAIS POSSuEM Baxo Caror E<PE CiFICO
2) Qufwra Maiores AS Fov.;ﬂs | vTE RMOLE CULALES, Majoe O Caon

EoPeCiFico

MA |9/ D Cavor ESPico'Faw MoLAL
Maioe A Massa,
3) QuanT?

CALon L F‘DLM'DADE'- AvNntvia

ESsreci Fico

PoLAL \ Massa: Auntmo
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Regra de Dulong-Petit
—> O cawor EsPecifFlco MaaR OF QUALngg SSLi10d ¢ Peaticaneutg

(GUAL c.ww. \
el 3 851: 249 J/(msl.){) [ cnm\ = J
’ o - PRE 3854
MR
Diamante 6,1
4 mbl M Grafite 8,5
m Berilio 16,4
i a° n Cobre 24,
m7 Prata A 0O \
K ‘(‘n‘o: -Fj— Ferro @
O- nc,D{f= m. C Af, Titanio 26.0

N d Chumbo 26 4
Prof. Thiago Cardoso ﬁ_cﬂ = %\ Ca MerCl:II’IO
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Calor Especifico Molar

R

1) |HoM| oy CHa-OH

2) Fg_ ov \TO-

5)‘_5"2. ov Q.

Capacidade Calorifica Molar

Substancia

Recar pe Doowe - ferir (J/(mol.K))
9 Argonio 20,8
Cw - . Hélio 20,8
Nednio 20,8
DFe: 2R 3.83L Ar (25 °C) 29,2
C = i 5 z 2043 Ja10) Metano (CH,) 35,7
) - — Dioxido de Carbono (CO,) 36,9
2 P3 Cc = 2R = 3.851 ~ 0,25 Vapor de agua (100 °C) 37,5
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Definig¢ao

* Coﬂausn’vel.'- fooe Ser Ox10m0n Reagas> 0L 5f UMy REAGA> Of
o CoMpusTad ~ Or1RREPUEAD

+ Comeueente: AGenvte Oxioawie

=> Congustid Conrera: [Levae Tooos oS Elementos DA SuvasTAV-
A ComeustiveL Ao Sev MaximD NoxX.

\Cs\"s%) + SO, — 3002 (q) + 4)4,_0 DY = O

=
Ca)-lq,o () + 30,99 — 200,(9> 3H,0
/—;—’- /_ -

ExceeBes: N — N
Termoquimica S Soz(a)
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Exemplos

Cs HoN, 0, + :L;:O2 —s 8GR + §Ha9(’) r 2N, (3)
I

CaHcS "2';02 — 200 + 3H,0l) SO_;,:S)

Oes.: Exisien outeos Comporewtes
CH, +4Rp — 1Ch - THY
QN H (1) + NG () — 3 N,(g) +4H,0

=> Topas AS REAGDES OE (CompusTA® SRD ExotErMIanS
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Etapas da Dissolucao

-{) Quie&A DOAS )WERAq%'iS po> (CriSTAL
Eavolve A ENERGIA RETICULAR

8S WS 8 A
€SN oy &y oy
)N e .,

‘.".'.F.t .'.
"W Ya Ve Wy
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Etapas da Dissolucao u’

~ 5 N (3)
2) FORMCRD Of IVTERAGDES WOWAS Com A AGUA I ¢ P g
A, = -33? K 3fmol ;

MM, =~ 3T \dlﬂl

@ ¢

o (g) Ko | Nof()
a'(a\ Ko, a’-g”?)

AL ¢
v o ’
k '
\ ' 4 M
O"wo"-o\ C 0
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Efeito da Temperatura sobre a Solubilidade
SomaTORw DAS ETAPAS

No(2(s)) — %1 + %) AHJ: + 78 K Jsl
Ny — Rl o

) — (@en) By = -3l
o = + 13Kkl

NoCllm — Natlog) + Wby L, = By s Bl Qi =
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Efeito da Temperatura sobre a Solubilidade

+ ; SOLUBILIDAOE AumenTA
kUO_,, () — K'(»9) + NO; (oq) AHO,S >0 ( Com A TCMPERATURA )

CQCQZ §) — C:"(ﬂ) rzu-(v{) Mas < O (soLvenLipang OVMiew )

Com A TENPERATURA)

Solubilidades (g/L)

120
100
80
60
40

20

Termoquimica KNO3 CaCl2
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Formacao de uma Ligacao Covalente
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Defini¢ao
=> EA EnReIa NECgsSAgin PAtA Queemae a Licagmo , Arasianoo 0s
fiomos PR Ura DISTANCIA luewiTA, Mo EStabo GASOSD , ATC
€ lamm.
kW ST
Ors.: - _C- VR VI S S
k- C‘l ' FTST
H W M o
" e 346,8
Erpoea A EVERCIA PosSA VARAR, G- c=c
S1pERam0S UM VAWE MLOP . . §1f’
c=c ‘33?3% "
ENVERGA Engecon  Engroin o - 5533—\5:

Leagae > Leagka 2 LiGAgRd 1,
Te\ALA ouPLA SIMPLES C=0 | 804 3'

Termoquimica ’
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Exemplos 26

=1 (CH:L‘I/\

I"J.LB) + 0)— L Her (D) \TN =

1) Queern 2as LicAgSES Aos REAGEMIES H -l
H — Br

H-w — 24 DH; = +436,0klfed)

Oh-CL — QA0 DMy cgouesl

o oES B
2) Fo&MAg‘Xo pas NOVAS LieA¢ c o

= 4348 Kwd.Q, C=0
‘ SZQ{ —IH-c  DOHy
% " 2 - -863,‘ 1Y mol C—F

3) SOMATIRIO
H A, — 2HQ (b) O = DH» DM, + Y c - Br
R A= 43 A2 - 436 -
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Exemplos
H
Hz(as + C.ta‘s\ — 2HQ@ (8) N‘l = -18S,£ K::l‘”'" A__‘C—-H
2) Qo) £ & calh O° cpmb"hk? b m\:an? : ‘:
Oipy 905 1CBG + 24,00 0=o
L 484 o oy
Eam = 4 EC-H + Q-Eogo = 4.@415}1) * ‘? (+ / ) O=> qﬂ"o
- 16536 + 98 =+2621, L K /o] - :OC%D
Ef&oo = 2 Ecgo * Q'Q'Eh-o = H’o‘u

2. (-842) +4. (- 4(3,0) » - 34606 K3/l
T AN = Eegnc + Eqerg = 2€21,6 -3UEO,L = -8 .e.s/msl/
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Segunda Lei da Termodinamica

=2 Co'vsf-auincms . A ENIROPIA po Uwivees> Tenoe Senree A Avmewtar

¥ASWN > O

EM UM fPeocgsso QUALAVER :

ASUN = AS + ASV\ZWHAM;A\

v SisTena

L St

g

Tooa REASRD OUIMICA
ATETA A WZWrapghA
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Segunda Lei da Termodinamica

¥ FQuagn oe Clavsius:

S - O
we - T ——
T
vm Assns-r &Sne >0
1’AﬁazLAoa ,&‘j““tw
AS\‘ﬂlv - ASS'ST - \;?l’ > o
—TAS(mw - AH TA $lST
S DEle;RO’- Enereia Livet
Prof. T:iago Cardoso De G 'bes

D&J.:
AGC = Q—I@ TTAS <O
> >d
”EE<O E SPonTANE O
AC =o | EauiidriO
AC >O | V& ESPOMTANES

SENPRE TEMPEAATURAS
ESPouniave|@® ALTAS

TEnPEMTUMS|  AVNVCA ¢
@\ BANAS ESPoNTANEOD
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Expressao de Boltzmann

S = k. In h)_
T vUmeeo 0€ Possivers
Miceo ESTADRS

- ~_ -

AUrEwT> Mo MUAELD




Expressao de Boltzmann

’ . lN’I’CﬂI‘ZO'ﬂ"‘ 2

Co's . Malon EqteaNA

% - -
y Eat_i[ategla

. =D O
Ana,,, >0 AS >

Exz.:
C'Q(aos(") __2—. CaO(s)“' CD2, ()
Anbs"s" d-0-= 4 -

(Aonent> OF
EnTROPIA )



Energia Livre: Mudancas
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Mudancas de Estado Fisico |

IﬂPmTANTE * Noh GwWwWh da rreada nga gt M‘\'bd#, 2 alem NLQ?SMA‘-

&Yuli\me (AG ) O) 21+233= 30K
T = 27°C
gx.: Eauinisrin ot Fus® bj: +2?°°KJ/W‘ _:_]‘Zs - st
A

NS = AU- TAS =0
zm.io% _b:)o.&‘o

30. Ic® = F0.b3 3
B C NS = 2303 JDS = gl = Joo° /(ml k)
ardoso ¢ m



Mudancas de Estado Fisico
O)S.‘. Emn.l'bg\os EnvolVE nos Vaforgs
i) DHua = % 2 K.S/mo\
AS,., = 80 Jml.k

1 - -
sz-:. ..)AC.—D

AG = DAH- TAS =0
29000 - T.¥® =9

i" Estratégia

T=4o0-23% =427 C
/_—’

-_—



Mudancas de Estado Fisico
2) ForA OA TENPERATRA 0E E&VLERD

*AQ 3&0 ~ RT. lh(PvAfan)

=AH-TAS
Colat Pppen & 2°C 27423237

NC°:= MM-TOS = d2000 = 20.80

o ‘U’P‘\A"" .
AC = AC°+ KT ., lﬂ (fvm) =0

BOoO + 8,31.300. ‘n(f) =0

y’ Estratégia

O = OC°+ R.n(F,) :
~obnfoz - %-'. - e "‘

.{

- 32000 - 2%00° = 8000/

ln(f) = ’& I~ _3'2 .
9,31.30°

E P = 6-5'7’5‘»' O,sz u‘ty
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Energia Livre de Gibbs fora das condicoes padrao

95°C +lam
C 3-4 wsl/ L
Nas ConoigBes Paoero Prissscs = L otmm
0 = AC- Tos’
Fora ons Covoigits Fasdio
AC = NC° + RT. ln(Q) Q> [peoor=s]

“REAGE
L CotRnciEmte L'Q «fn:s:l

OE AgR> oe vAS
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Energia Livre de Gibbs fora das condicoes padrao
G C (g *+ ©; (99 — Dz05) AC= - Q4ooks)-!
Poz.: 0,2 NI P"’z: Op) dn

[nzz D,Cﬁ ln10:2,5
AC:=? 7=BC

AG = ACO . RT-"' (Q) o
O,
NC = (- Qoo 1) + &34.2%: \“\ fo, >

AC = (-2‘100- .los) « 243C. | (,Pﬁ): - 24o0. 15" ¢ 2‘!?‘.\'0\-2%)

o2
TTTTT we g 2 -2400. 10 + 2036, (<063 -23) = - 2409 5" - -2 kil
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Equilibrio de Vaporiza¢ao

(1) = X(g
AG = AC®+ RT. l”(Pwu) .5

Termoquimica






