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Adsorcao
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E um processo de interacdo entre espécies de um meio com uma superficie
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Tipos de Adsorcao

Propriedade Fisissorcao Quimissorcao

- . ~ van der Waals s
Tipo de Ligacao (dispersao de London, dipolo-dipolo, etc.) covalente ou ionica

Entalpia 20 a 40 kJ/mol 80 a 240 kJ/mol
Tipo de cobertura 1 ou mais camadas 1 camada
Reversivel? sim nao (geralmente)
Cio
Ry E% EciioR SAM - self-assembled
Molecule Associative Reaction and

approaches  adsorption chemisorption chemisorption absorption mono,ay er

surface

e RSH + Au(0),
Increasing interaction with metal surface Au surface —~ RS~ Au(l) - Au(0),,_1 + 0,5H,

Atkins’ Physical Chemistry 11th ed.



Tipos de Adsorcao
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Por que € importante?

Estudo de interacao espécies — superficies.

Muitas técnicas de analise e processos (fisico)-quimicos sao baseados em
interacao com superficies.

Catalise heterogénea.
Eletroquimica.

Processos de purificacao



Fatores de influéncia

Area superficial do adsorvente

Grupos funcionais na superficie do adsorvente
Temperatura

Solubilidade do adsorbato

Natureza quimica do adsorbato.

Tempo suficiente para ser estabelecido um equilibrio entre o adsorbato em
solucao e adsorvido.

No equilibrio, o estudo quantitativo das relagcoes entre as quantidades
Nno meio e adsorvidas, a dada temperatura, podem ser definidas por
uma isoterma



Exemplos de Isotermas de Adsorcao

200
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v U
cm?/g 100 O, on charcoal at 90 K cm?/g
100 N, on silica gel
at 77 K
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Sao diferentes!



Tipos de Isotermas
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Exemplos de Isotermas de Adsorcao
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Isotermas de Adsorcao

Diferentes abordagens e diferentes modelos

Outras isotermas:

« BET

« Temkin

* Dubinin-Radushkevich

e @ mais

"for his discoveries
and investigations in
surface chemistry."

Irving Langmuir Herbert Freundlich
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Isoterma de Langmuir (1918)

Ag) T 5 = A= S

Sistema modelo ideal (gas perfeito)
Todos os sitios sao idénticos

Distribuicao homogéna dos adsorbatos

Mesma energia envolvida em todas adsorgbes

Particulas nao-interagentes

Monocamada de adsorbatos
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https://my.eng.utah.edu/~lzang/images/Lec
ture 7 _STM surface_structure.pdf

Imagem de
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Isoterma de Langmuir (1918)

kq
AN+ S =A-S v, o [A] ou P,
OREICRS (5) :
v, X g9 — (0 - 0p) vy X 0 - ay
Equilibrio: v, = vy = = v, = k,(1—60)agP, vy =ky0 -0,
kg [AlIS] =kg - [A— SFX)
‘ ¢l | ka(1— 9).,0'0Pa = de.gO
ko _[A=SI_ — '
kg [A][S] ¢ k—d(l—H)Pa=9 > K.(1-06)P, =6
6 = fragéo de sitios ocupados (1-0) B 1
o, = sitios (m~2) v B P,K,
0 - g, = [sitios ocupados] 1 1 Kc PA

gy, — (6 - gp) = [sitios vazios] 5 =14 P,K, = 0= 1+ K.Py




Isoterma de Langmuir (1918)

Transformando em unidade de massa (q):

q

Qmax

6 =

Equacao anterior
0 = KCPA — q _ KCPA
1+ KCPA Umax 1+ KCPA

Linearizando a expressao:

1+ K_P, P, 1 P, P, 1 P,
Gmax T KcPy 9 KeQmax Gmax 9 KiQmax Gmax

1
q

: P,
K, P° = K(sem unidade) [A] = T
B

Mais em: McQuarrie, Physical Chemistry, a molecular approach, ch 29.




Adsorcao de O, em carvao ativo

Py 1 P,
= +
q KL Qmax Qmax
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Entalpia de adsorcao
ApasG = DggsH — TAygsS

Como o processo de adsorcido € espontaneo:
AyasG <0

Raramente um processo de adsorcao tem aumento de entropia:
AggsS <0

Portanto: A,4;cH < 0 = processo exotérmico

AG° = —RT InK e K =K,P° Podemos construir isotermas variando T, e usando Gibbs-Helmoltz:

Como K; é relacionado com P, quando 6 &

In(K; P°) AgyqH° d In(K; P°) AggsH° constante, podemos escrever:
~TRTZ T Ly : :
ar RT d(7) R dIn(P/P?)\  AggsH
d1/T) ), R
Mais em: Atkins’ Physical Chemistry, 11th ed, ch 19B.



Isoterma de Freundlich

Modelo empirico e ndo-linear em fungao da pressao (tipo 1)

Qe = KF(Ce)l/n

Ky é a constante de Freundlich (mg/g) — capacidade de adsorgcao

n € parametro que reflete heterogeneidade e intensidade de adsor¢éao  °
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Adsorption density, g, (mg/m?)
©

k:=0.15,n=0.4

k=0.15, n=0.2

k:=0.05, n=0.4

0 2 4 6 8 10 12 14 16 18 20

Dissolved adsorbate concentration, C, (mg/L)

Qe = KF(Ce)l/n

logg. (q. em mg/m?)

0.0 1

» Kr endependemde T (n aumenta e
Ky diminui com T)
« Menor n, maior a heterogeneidade

1 < n < 10 favorece adsorcao

k:=0.15,n=0.4

k:=0.15, n=0.2

k=0.05,n=0.4
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logC, C.,emmg/L

1
logqg, = log Kr + Elog(Ce)



Adsorcao de acido acetico em carvao ativo

Aumento



Carvao Ativo

Skeleton
of Carbon

Pore

. Ly Absorbate

Molecule

gas molecules @)

Area superficial:

« 600 a 4000 m?/g (piscina
olimpica aprox. 1250 m?)

* Possui heteroatomos
ligados aos carbonos
(principalmente oxigénio)
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Electrochimica Acta 270, 453-460



Estrutura do Carvao ativo
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Frankiln R. E. Crystallite growth in graphitizing and non-graphitizing carbons, PROCEEDINGS
OF THE ROYAL SOCIETY A 209, p196, 1951.
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Percec e Xiao. The legacy of Rosalind E. Franklin: Landmark
contributions to two Nobel Prizes, Chem 7, p529, 2021.

Rosalind E. Frankiln (1920 - 1958)



Uso de Carvao Ativo
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Uso de Carvao Ativo
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NEW EDITION!

The most comprehensive purification reference book avatlable woday

| «RONE |

PURIFICATION
OF LABORATORY

FIFTH EDITION

Willred L.E Arm?rego » Chris

Purificacao de compostos quimicos

RECRYSTALLISATION
Techniques
The most commonly used procedure for the purification of a solid material by recrystallisation from a solution
involves the following steps:

(a) The impure material is dissolved in a suitable solvent, by shaking or vigorous stirring, at or near the
boiling point, to form a near-saturated solution.

(b) The hot solution is filtered to remove any insoluble particles. To prevent crystallisation during this
filtration, a heated filter funnel can be used or the solution can be diluted with more of the solvent.

(c) The solution is then allowed to cool so that the dissolved substance crystallises out.

(d) The crystals are separated from the mother liquor, either by centrifuging or by filtering, under suction,
through a sintered glass, a Hirsch or a Biichner, funnel. Usually, centrifugation is preferred because of
the greater ease and efficiency of separating crystals and mother liquor, and also because of the saving of
time and effort, particularly when very small crystals are formed or when there is entrainment of
solvent.

(e) The crystals are washed free from mother liquor with a little fresh cold solvent, then dried.

If the solution contains extraneous coloured material likely to contaminate the crystals, this can often be removed
by adding some activated charcoal (decolorising carbon) to the hot, but not boiling, solution which is then shaken
frequently for several minutes before being filtered. (The large active surface of the carbon makes it a good
adsorbent for this purpose.) In general, the cooling and crystallisation steps should be rapid so as to give small
crystals which occlude less of the mother liquor. This is usually satisfactory with inorganic material, so that



Procedimento Experimental

Medir temperatura da sala no inicio e fim do experimento

Pesar 1,00 g de carvao
ativo para cada
Erlenmeyer

—

| { Solucao HAc concentrada

Bureta
grande

Adicionar: 4,0 mL, 8,0 mL, 12,0 mL, 16,0 mL e 20

mL de HAc em 5 balbes volumétricos de 100 mL Temos 2 tipos de carvao,

dividir entre as duplas

Completar o volume com agua destilada

| 2 N
T Transferir cada solugéo
| de HAc para um

W

™ Erlenmeyer de 250 mL 3

>

Shaker por 40 min. '(\" '
/N | |

| S

L

Neste tempo, faga o calculo da quantidade
da solucdo de NaOH para cada titulagao



Procedimento Experimental

Apds 40 min., lavar o papel de filtro com a solucao que sera
filtrada, com auxilio de pipeta de pauster, da mais diluida para a

mais concentrada, filtre.

Titule com a solucao
de NaOH com a bureta

pequena

\

S5 ou 25 mL
(pipeta volumétrica

-

- Volume de HAc Volume da Volume médio de Massa de carvao
\ na solugao / mL aliquota / mL NaOH / mL ativado / g
5.00

5.00

5.00 ou 25.00
25.00

25.00



