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THERMODYNAMICS OF CHEMISORPTION CONSIDERED
AS A PROCESS OF SPECIFIC SURFACE
COMPOUNDS FORMATION

The sim of the paper is a proposition of unified thermodynamic
trestment of chemisorption, leading to & surface compound formetion.
It is shown, how the velue of the free enthalpy of surface ccempound
formetion gives an analogue to "underpotential discharge” in
electrochemistry, enabling reelizetion of chemical binding of
species on the surface at concentration lower then characteristic
for the solubility product of the bulk compound.

ore processing, e.g., flotation, usually regquires en sdditior of
surfece active sgents or reagents to e slurry consisting of a grourd
ore suspended in weter. Chemical resctions in such systems are usuvally
described with the aid of easily accessible thermodynamic data on bulk
pheses of the species involved. Since the ground minerals are usuelly
guspended in water delusory information on surface hydrolysis exists
with thermodynamic references to hydroxide end oxide bulk phases. Suck
an approach is often erroneous since in usually very diluted solutiomns
of flotation reagents surface coverages of about one monolayer (or
ngurface compounde") can exist at concentrations lower than those whick
are necessery for the formation of the bulk phase of the compounds,
even of the ssme "composition® or rether, stoichiometry.

To prove the above statement let us consider g system containing
gso0lid phase of = metal bearing mineral in equilibrium with an asqueous
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golution of a reagent uded, e.g., metal sulphide and s-uzous solution
of an alkyl xanthate.
TLet us consider the following equilibria:
1. formation of = precipitate as a separasie bulk phase:
4 47 =% ux (1)

prec

2. chemisorption (surface compound formation) at the mineral - solution

interface:
+ -
Surface + A" + I T—= Axsurf (2)

Then the free enthalpies of the above processes can be expressed as:

o o o
G, = p - May = - - RT 1n a}, aq-
S SRt Px A+ 8% (3)
) ) o
S = Pax, _, * BT 1nZ - pp- - pg- - BT 1n af2ag? (4
respectively, where 3 = exp [-(p¢ -, Y/RT ] is the activity
[ PAXsurf : PAKsurf ] .

f the "agurfa p L. .
of + X ce phase Axsurf

Thu: , the chemical potential of Axsurf can be written as

o
= + RT 1nZ
F ALgure r AJ{surf ‘
(%)
= Py + RT 1n@ + BT 1ng@
surf
where 8 snd¢ are surface coverage and surface activity coefficient
regpectively. The stendard chemical potential sz mey be
i surf
conveniently defined as the chemical potential of the surface compound

at the equilidrium with the bulk AX phase (e.g., with a precipitate).
Let this egquilibrium oceur at the surface excess of ['_ . Thus, the

surface coverage in eg. (5) is

6=y

i.e,, it ig define as the ratio of the surface ¢
: znd not to the maximum surface

that precipitation of

elow those necegssry for

12t the maximum surface o
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difficulties in measuring [’ it is not eesy to determine accurately the
concentration et which the maximum surface coverage 1s reached. It is
thus clear that the state of the maximum surface coverage is i1l
defined. Cn the contrary, the state of equilibrium with the bulk phase
ie well defined and may be, at least in principle, reaslized '
experimentally. 4

The adopted selection of the staedard states yields

P‘zxsurf =Pfﬂ{prec =PEX’ : L1
and egs. (3) and (4) mey be rewritten as;
| &4 =AP2X - FZ* - P%‘ - RT 1n aj,a5. (8)
G, = u + BT 1nZ - ul4 - po- - RT 1n a}jaj2 '
2 = Pax Fat ~ Pz A+E : (9)

The solubility product of the bulk AX precipitate Ksol 'is defined
as follows (cf. eq. (8)):

% o o 0 o
- RT 1n K o =AG1 = Pay = Pp+ = Px- (10)

=

Ugig the asbove definition of the solubility product, in thegstate o

0
~

equilibrium of the surface compound formation (chemisorption), eqg. (
mey be rewritten as:

- BT 1n K, ; + RT1aZ - RT 1n a}} aj2 =0 (11)

Tt must be stressed that the above equation describes surface compound
formation only (i.e. reaction (2)), and not its coexistence with the
bulk precipitate. The term with Ksol was introduced formally to ec. (8
to replace ithe standerd chemical potentials of the gpecies involved.
Thus, es (11) yields:

Y
/

= 4 28}l &)l (12)
sol :
or
6= ! e}t 82 (13}
Ksol

+ Vs

o

811
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or generalized for ionié compounds of other than 1:1 stoichiomeiry.
Eq. (13) is a thermodynamic description of the experimental fact that a
solid surface may be covered with chemisorption products or surface
compounds even at concentrations at which the bulk solubility product
hes not Dbeen yet exceeded. It has to be noted that the structure and
thus the thermodynamic properties of the surface compound may markedly
differ from those of the bulk phase of the same chemical individual due
to a number of reasons, e.g., to sterie restrictions induced by the
interface or chemical interactions of the adsorbed molecules with the
solid surface alien to the adsorbate. It is thus impossible to assess
‘numerical values of, say [;q or [ basing on thermodynamic properties
of the bulk precipitate alone. Imnspection of eq. (13) clearly shows
that some information on surface compound properties (e.g., on¢) are
also necessary.

It has to be also pointed out that in mineral dressing one deals
with minersls which, even if practically insoluble, may attain a state
close to the ecuilibrium with ioms in the solution via surface
dissociation or hydrolysis. Thus, additional constrains on ion
activities may exist when a flotation reagent is introduced to the
svstem. The exact equations govering thése reactions are usually not
kxnown. Again it must be stiressed that also in that case the compounds
undergoing dissociation or hydrolysis must be treated es "gurfsace
individuals" with the all resulting conclusions concerning their
properties being different from those of the corresponding bulk

subgstances.
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celem pracy jest sformuzowanie propozycji termodynamicznego opisu
cnemisorpcji, prowadzgcej do powstania zwigzkéw powierzchniowych.

Pokazeno, jak wartosé entalpii swobodne] tworzenia zwigzkéw po-
wierzchniowego okredla (w analogii do n"podpotencjatowego wydzielania”
& elektrochemii), mozliwoéé powierzchniowego wiazaniea gubstancji - przy
iej stezeniu w ukzadzie nié przekraczajgeym iloczynu rozpuszczalnosdei,
charsktervstycznego dla reakeji objetosSciowej.
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COIEPEAHVE

A Tlomgmoscku, fA.9apmsmxm, 1987, TepmonnHaMﬁRa’xmmncopcunn, paccMaTpHEas-
Mas Kax mpouecc 00pa30BaHEA CHeNM)EISCKEX HOBEDXHOCTHHX COEIMHEH:.
OU3TKOXVMAIECENe BONPOCH ofcramenmsa, 19; 83-87.

Hemsn padoTu ABidgeTcA POPMYIMPOBKA UPELICREHEI TeDMONEHAMIIECKOTO
OIMCaRUA XMMIICODOLWH, BeXyme# K o0Da30BadmD NOBEPXHDCTHHX COeNHHEHr,
floxa3ago, UYTO 3HAvYeHVe CBOGONHO# DHTANLONZ 00Da30BAHMA LOBEDPXHOCTHOTO
CocHMEEHNA omperelfe? (aHaNOIWIHO "HOTEHIMANRHOMY BHAGIEHWI" B BJSKTDO-
XVMAM) , BOSMOYHOCTEH NOBEDXHOCTHOR CBS3Y BemeCcTBA IPAM €€ KOHIURHTDAIW B
CHCTeMe, He INpeyBesTinBammell WPOWM3BEIEHES DPacTBOPEMOCTEXADAKTeDHCTIIHO-
To A1 ofbeMHOil pearmwm. ’ ‘
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