Adsorpcija

Sadrzaj 1.3.
— Sta je pokreée
— Kako izgledaju adsorbovani slojevi

— Adsorpcioni trendovi
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Adsorbat

Adsorbens
Substrat

Key Terms

http://chsfpc5.chem.ncsu.edu/~franzen/CH795N/dft_modules/surface_module/ni_111_co_binding.htm
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Overview

Fizicke sile - fizisorpcija
Dipol-dipol
korelacija

Hemijske sile — hemisorpcija
preraspodela naelektrisanja

Gustine slicne tecnostima

(1 gm/cm3)=10* molekula/cm?
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Adsorpciona mesta

fcc (100) face fcc (111) face hcp (0001) face

H(4-fold) fcc H(3-fold)

Oo(1-fold) B(2-fold) O(1-fold) B(2-fold) hcp H(3-fold)
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Geometrija adsorbovanih slojeva

Struktura adsorbovanih slojeva je uslovljena strukturom
substrata

Lengmirovov tip adsorpcije na évrstoj povrsini
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CO na Pt(111)

O=co

13x43 R30°

Crossley & King [1980]

=Pt |
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fcc (100) face

Substrate : fcc(100)

9 2x2)

(Y2 x Y2)R45
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fcc (110) face Substrate : fec(110)
Substrate unit cell
Adsorbate unit cell

Substrate : fcc(110)
cd2x2)
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Adsorbovani sloj: matricna notacija
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Incommensurate Adsorption

(2x2) domen

- & ) DR AA DN, | zidovi domena
- -
% A8 e

Zidovi domena Y Yt Y Y )
' - l.
A ' Yo o ) e, .. .

"3
») C'Q".(.‘.
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Persson et al. [1990].)
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Kvadratna resetka

OO
XX xXoX)

O °XS)
© °Xo)
XX XexXo)

primitive unit cell _* p(1x-1)




Kvadratna resetka




Primitivha i centrirana resetka




Kvadratna resetka




CH,S/Au(111)

site Az S—M E, cell

1 ~on-top 284 300 44
1 ~on-top 286 3.00 58

‘ . . 0.5 ~ontop 284 298 59
e . ‘ 1 fcc hollow 181  2.59 29

05 fechollow 160 251 11.5
0.25 fechollow 1.59 251 18.3

1 hep hollow 190 260 -—1.1
05  hcphollow 170 253 47

1 bridge 209 252 18.6
0.5 bndge 207 250 19.6
0.25 bndge 205 249 218

!
o

Figure 1. Surface cells used m the calculations. (a) (1 x 1); (b)

(\/_?x ﬁ)RSO; (c) (3 x s/.;); (d) (3 x 2 \/3)_ These cells contain 1,

3, 6, and 12 Au atoms per layer, respectively. Cell d corresponds to
the c(4 x 2) superlattice of the (v/3 x /3)R30 lattice.




Adsorpcija CO na kvadratnoj resetki — adsorbovane
faze

(2x1)

(1x2)

The absorption of molecules in a p(2x2), C(2x2), (2x1) overlayer. The dark circles
represent sites, the red circles represent adsorption on the sites.
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Hemisorpcija na metalima

* Metali imaju mnogo slobodnih elektrona
koji u€estvuju u vezivanju

* Veza je delokalizovana
* Elektroni su pokretni



Adsorpcija je kompromis — da bude dobro i adsorbatu i

substratu

Mehanizam aktivacije hemijske veze u katalizi

139 A

(3x3) Benzene On Rh(111)

C“—Cﬂ
1344 H
Gaseous Ethylene

7:1491\ \P[

Ethylene On 100 K Pt(111)
H

A\
\C —
H + | 8
e
//\
Ethylene On 300 K Pt(111)

H—H
Gaseous Hydrogen
H + H

Hydrogen On Platinum
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Trendovi u periodnom sistemu

Periodic Table of the Elements

) ¥ hydrogen B poor metals 3 5 7 5 5

Li Ij“‘ alkali metals O nonmetals B CINIO F
~_ | = alkali earth metals M noble gases
! rare earth metals

Na |
K
Rb | Si ‘
Cs| ‘

=
Fr
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Cesto dobra korelacija izmedu elektronske gustine,
elektronegativnosti i adsorpcionih svojstava

Etilen u

gasnoj fazi——> 2

Carbon-Carbon Bond Order

1.8F

1L.7F

16 F

1.5F

14

13F

1.2F

1.1 F

1

25

3 35 4 45 5 55
Interstitial Charge Density

Red C-C veze u
adsorbovanom
etilenu

Sigma veze
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Adsorpcija kroz periodni sistem

izuzetak

Klasifikacija prema reaktivnosti povrsine

Sliéno se ponasaju povrsSine metala koji imaju slicne

elektronske gustine i elektronegativnosti
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Kvalitativni aspekti

Adsorbing  Gas

Metal H, 0, N> CO =

Group a 2 0r3 3 2 3

Group b 3 3 3 3 e —
Group ¢ 3 3 2 3 Na Mg ' e Al | Si
Group d 3 3 2 3 K [CalSc Ti V |Cr Mn Fe [Co Ni[Cu Zn Ga Ge
Group e 3 3 2 3 Rb|Sr|Y Zr NbMo|Tc|RuiRh Pd|Ag/CdiIn |Sn
Cu 2 3 ) 1 Cs|Ba|la Hf Ta W |[Re|Os |Ir |Pt JAuHg|TI [Pb
Ag 0 20r3 0 0 a b C d

Au 0 0 0 3

Al 0 def-3 0 3

K, Na, Li 0 3 0 0

0 — nema adsorpcije

1 —ima na 100 K ali nema na 300 K

2 — aktivirani proces

3 — brza adsorpcija na sobnoj temperaturi

\ Nedovoljna elektronska

gustina
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Metal
Si, Ge
InP
NiO
/n0O
MgO
Al,Os
S10,
NaCl
LiF

Kvalitativni aspekti

def-3

Adsorbing

N,
0
0
?

1

Gas

CO
0
0

1

0-100K
1-40 K

0 — nema adsorpcije

1 —ima na 100 K ali nema na 300 K

2 — aktivirani proces
3 — brza adsorpcija na sobnoj temperaturi

Li Be.

Na Mg e Al Si
K [CalSc ‘Ti V |Cr Mn Fe [Co Ni {Cu Zn Ga Ge
Rb|Sr|Y Zr NbMo|Tc[RuRh'Pd|AgiCd In iSn
Cs|Ba|La Hf Ta W |Re|Os Ir Pt|AuHg Tl [Pb
a b e d
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Kvalitativni aspekti

C,H; CH4
Metal C,H4 C,Hg CH;OH H,O
Group a 3 ? ? 3
Group b 3 2 3 ?
Group ¢ 3 ? 3 1
Group d 3 2 3 1
Group e 3 2 3 1
Cu lor3 0 1 1
Ag 1 0 1 1
Au 3 0 1 1
Al 2 ? 3 3
K, Na, L1 3 C2H2 ? ? 3
0 C,Hy

0 — nema adsorpcije

1-—imana 100 K ali nema na 300 K

2 — aktivirani proces

3 — brza adsorpcija na sobnoj temperaturi

Li Be.

Na Mg e Al Si
K [CalSc ‘Ti V |Cr Mn Fe [Co Ni {Cu Zn Ga Ge
Rb|Sr|Y Zr NbMo|Tc[RuRh'Pd|AgiCd In iSn
Cs|Ba|La Hf Ta W |Re|Os Ir Pt|AuHg Tl [Pb
a b e d
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Molekulska i disocijativha adsorpcija

Brodén et al. [1976]

1076 torr

~ Dissociated Molecular Dissociated Activated
co S/ Tilv crivn Fel [ ool i % n, ST vlcrmn Fe'\&\m\c‘b
300 Y | Zr Nb Mo | Tc 300 Y | Zr Nb Mo| Tc
A ‘ Ru Rh Pd/Ag) > | Ry R PR AN
La Hf ‘Ta W (=2 o 1 | Pt LaHfTaWhQ },\%
Dissociated Dissociated Molecular
o, Sc/ Ti |V Cr‘Mn Fel Co| Ni| Cu o, Sc|Ti V |Cr Mn Fe Co lﬂ
300 Y Zr Nb Mo Tc Ru Rh Pd Ag 100 | Y| Zr|Nb/Mo Tc|Ru Rh by s,
K La Hf | Ta) W |Re Os| Ir Pt% K La|Hf [Ta| W Re Os Ir| 5, /A,
Dissociated Molecular Dissociated Molecular
vo  (seiTilvicrmn Fe Collll o, no (SelTH M Crimn [HAllH i Tcy
300 | Y| Zr/NbMo Tc |Ru Rh 100 | Y| Zr|NbMo|Te| o [ pg A
y \ PdAg g
La | Hf Tl W Re Os [Il] A La|Hf Ta | W Re Os It Pt Au
Key Molecular Activated
. . And IV
D t Mol | . L L . L .
e || pascuar ][] oisocae Osorae oo | Lo




Strukturna osetljivost

di G-ethylene ethylidyne adsorbed
Pt(111) carbon

di G-ethylene vinylidene adsorbed
carbon

(1x1)Pt(100)
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Razlicite klase adsorbata na metalnim
povrsinama

(b) Diatomic Molecules
(a) Radical

. o Repulsion n'_B.clnding
AVE O
-« HI f il
. \ e
’ Metal | O )
," Metal\ ’ Metal }|

| '

(c) Unsaturated Hydrocarbons (d) Lone Pair Molecules (e) Saturated Hydrocarbons

H H ' OIp - .
Cs5C — LT

HY (M Y
AT g@ /'H
~ )

’ Metal | Metal i

I I\'ll’etal

Figure 2.58. Schematic illustrations of the five different types of chemical bond formation on metal 119
surfaces.



Primer: AcN na Pt(001)
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Korelacija sa elektronskom strukturom

-8
00 05 10 15
LDOS [s7eV] — —

.OWF;"P-'pmiededDos - 4 3 L

-8 [ -8 '
00 05 10 15 00 05 10 15

Figure 4.2. The density of states projected onto the d states of the surface atoms for the surfaces
considered in Figure 4.1 (grey) Also shown (black) is the oxypen 2p, projected density of states for
O adsorbed oa the same surfaces. The formation of bonding and anti-bonding states below and above

the metal d states is clearly seen. Adapied from Ref. [4).
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Korelacija sa elektronskom strukturom

] L L T L ] L |
opF -
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Sh DFT-GGA a
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4leV]

Figure 4.6. Variations in the O adsorption energy along the 4d transition metal senies. The results of
full DFT calculations are compared 1o those from the simple d band model and o experiments. Below
the same data are plotted as a function of the d band center. Adapied from Ref. |4].

Energije adsorpcije mnogih jednostavnih adsorbata se koreliSu sa centrom d-trake metalnog
subtrata



Korelacija sa elektronskom strukturom
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Korelacija sa elektronskom strukturom

[ fce adsorption site 1.6 ! 2 - I T - —
il gg 6 : A A O S A A
° o Tensj]e % é ‘::3 ; % E g ,:: © Compressive
1.4 - strain e & R3S G ’
= ¥ 3 3 & 5.5 strain
@ S £0 2 & ;
oo 2 s} 2414
g ] - No surface
XX o
2 ssE3: =3
S 45z X%3%E. /S Al
o Q 0 ° atop adsorption site o =24 3933 IR BN
L o JIEXFEEE o pelUTT 8923
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0.8 aab8e®T 2247
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: 1, F |
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v -
. - : s AR O Bridge O fecc
FiGure 1: A side view of the metal slabs applied for hydrogen ad- i hcpg v atop
sorption analysis and a perpendicular view of the surface covered
with hydrogen adsorbed on fcc and atop site. For graphical repre- FiGgure 2: Calculated values of Z(H-M) on fcc (circles), hep (up
sentations, Visual Molecular Dynamics was used [22]. triangles), atop (down triangles), and bridge sites (squares).

Advances in Physical Chemistry
Volume 2011, Article ID 305634, 8 pages
doi:10.1155/2011/305634
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Korelacija sa elektronskom strukturom

Adsorpcija i mobilnost adsorbata
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Korelacija sa elektronskom strukturom
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Adsorpcija na nisko-koordinisanim
metalnim atomima

(defekti, kinkovi, stepenice, » ©
adsorbovani klasteri — katalizatori!) PP P o ©

o SP ISP 0

Nema jedinstvene teorije

. IrPd
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. O . 227 m parallel dimers
. 1 ® vertical dimers @ '™t
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144 @ Pd monomer -2.6 m PRu
. B .. PtPt
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- PdPd - i 8
[ o I Ptir
g 1.8 - § -3.0 - B PRh
% 204 — Fle % 32
W ~. A 0T

PdrRh E.
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Adsorpcija na oksidima — nema jedinstvene teorije
Primer: X,@MgO(001)

Svojstva jonskih kristala!!!
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Adsorpcija na oksidima — nema jedinstvene teorije
Primer: C,@MgO(001)
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Adsorpcija na oksidima — nema jedinstvene teorije
Primer: B,@MgO(001)
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Adsorpcija na oksidima — nema jedinstvene teorije
Primer: C,@MgO(001)
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Adsorpcija na oksidima — nema jedinstvene teorije
Primer: F,@MgO(001)
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F2 Molecular Orbital Diagram (B3LYP/6-31G(d))
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Adsorpcija i kataliticka aktivnost
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Wang et al., Sci. Adv. 2021; 7 : eabb1435
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Adsorpcija i kataliticka aktivnost
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Fig. 3 — Volcano curve correlating hydrogen—metal binding

energy

(Ex—n) with corresponding experimentally

determined HER activities of studied surface (expressed by

log jo, jo in A cm™?) taken from Refs. [5,6,32,36,37),

consolidating clean metal surfaces (v) and WC-based HER
electrocatalysts ((1). Predictions made for Cuyg/WC(0001)

and Rh

m/WC(0001) are indicated by diamonds (). Error

bars indicate the scattering of experimentally determined
log jo values.
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