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Understanding the interactions between metal compies and
oxide surfaces is crucial to the synthesis of supped metal

size complexes. In two recent reviews, Franciscerdaeven
described this type of exploration as one of thénnghallenges

catalysts. Recently developeih situ techniques have made it s facing the surface science community*® In this context, we

10 possible to closely characterize the solid/liquidnterface. For
the first time, the adsorption of platinum complexs on
alumina and silica has been probed using a Quartz rigstal
Microbalance; we were able to observe the adsorptio of
metal complexes in real time, and to observe the versibility

undertook to probe by QCM the solid / liquid inteaduring the
adsorption of anionic and cationic TMCs on oxidefazes. Our
goal is to observe, in real time and in the presafche solvent,
the adsorption of TMCs and to determine its revdityib

ss We investigated the adsorption of anionic and cati@latinum

complexes on oxide surfaces, namely CPA, chloroptatcid

15 Of this adsorption. 2 . . 24
[PtClg]~ and PTA, platinum tetra-ammine [Pt(Ng“" on

Understanding the adsorption of transition metampexes alumina and silica, respectively. The adsorptiors warried out
(TMCs) on oxide surfaces in aqueous phase is of erim at pH values below and above the point of zerogeh@PZC) of
importance for the synthesis of supported metadlysis, as this ¢ €ach oxide, 2-4 and ~8 for silica and alumina, eespely i
initial deposition step has a lasting influence roak subsequent with the expectation that ionic adsorption woul@wrcaccording

20 steps of the catalyst preparation procedures dirdaily, on the to the scheme 1. The adsorption is expected te\wrsible if the
catalytic propertied?. Attempts to establish the exact nature of PH is modified enough to reverse the charge of@xsidrface and
the interaction between TMCs and oxide surfaces heseto  thus induce a repulsion of TMC's.
numerous studies on this subject, which have sgetile three
possible mechanisms: Inner Sphere Complexation,rCBghere 2-

2s Complexation and Strong Electrostatic Adsorptfgh In some k?"
cases, the interaction was found to be specifizighdo lead to 2+
molecular recognition phenomena between TMCs andifgpe t‘k
sites on oxide surfacésin other studies, the adsorption of TMCs + + PTA
on oxide surfaces was considered to be mainly gederby

30 electrostatic interactions; in the first stage lod adsorption, the urface
approach onto the surface is controlled exclusiveyy these pH<PZC PIZC pH>PZC pH
interactions (albeit within the limits imposed bigric hindrance >
and the solvation sphefe)However, all of these conclusions
were drawn based on characterization performed igteoval of

35 the solvent. This is problematic, since the sohisrmesponsible, . o . .
by definition, for the solvation of the TMCs, and fihe oxide Adsorption monitoring was carried out in the floallof a quartz

surface charges, by means of protonation / depatitam of the crystal microbalance with dissipation measurem&@@N-D, E1

OH groups® °. The missing link in a complete understanding df model, Q-sense AB' Sweden? at22 +0.1 °C. AT-cut-goated
quartz crystals with a nominal frequency F of 5 MHmnd

covered by a thin layer of alumina or silica, wptechased from

CPA

Xlde.

Scheme 1schematic representation of platinum complextedstatic
adsorption on oxide surface depending from pH.

these phenomena is a real time amdsitu investigation at the
40 solid / liquid interface.

The recent development of highly sensitimesitu techniques
such as Quartz Crystal Microbalance (QCM) or Surflesmon
Resonance (SPRY*2 paves the way for the characterization
the solid / liquid interface and for a better ursdending of its

45 physical chemistry. Though today these techniquesnaainly
devoted to the interactions of biomolecules withfazes® 4

their sensitivity is high enough to study the agdon of small

Lot-Oriel, France. Solutions were flowed at 100 min~ over
the oxide surface using a peristaltic pump. Masskgs were

o derived from the Sauerbrey equation (1), whichdsda on the

assumption that the layers deposited on the guantace are
rigid 2

AF = -1 0
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where G (= 17.7 ng.cid.HZ?) is the mass sensitivity factor at F for the 0.16-0.2 nmol.cihcoverage, in perfect agreement with
=5 MHz and N (= 1, 3, 5, 7...) the harmonic numbEne the mass of adsorbed complexes deduced from QCMedwer,
rigidity of the layer can be estimated by measutiing energy  taking into account some geometrical considerafiotiss
dissipated, or dissipation factor D; if D is loviheh Sauerbrey o coverage corresponds to a monolayer of hydrated ©RA
s equation can be applied. In the Figures below,cthees of the  alumina, confirming for this system that the maiactbrs
seventh harmonic (1 measurement / 5 ms) are showhdth governing the adsorption are electrostatic andicstdt is
frequency and dissipation changes. important to note that the injection of an alkalgmution of CPA
In a first step, we focused on [Pg3l (CPA) adsorption on  on alumina did not lead to any decrease in frequere to any
alumina. When the pH is below the PZC of aluminajctvlis s adsorption, as expected from scheme 1.
10 close to 8, the surface is positively charged, wighould favor QCM also makes it possible to explore the reveigibdf the
the adsorption of this anionic complex by elecatist adsorption (results in Fig. 3).
interactions (Scheme 1). The adsorption was caoigct pH = 3

. . (5] (3] (3] (3] [ S )
and followed by QCM as shown in Fig. 1. T & T I T I los =
[=% [=% & o )N o v& o =
e 2 e e o A B e 2| S5 o > el (N
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15 Fig. 1 Frequency changes (F) and dissipation measurertigntsgon

adsorption of [PtG] on alumina at pH 3 When a solution of sodium hydroxide at pH 12 wasvéld in the

QCM cell, the vibration frequency of the quartz ddydncreased
First, frequency was stabilized in a hydrochlomidasolution at ~ Without returning to its initial value. Dissipatiowas greatly
pH 3. Upon injection of a solution of,AtCl at the same pH, the disturbed, an indication that the solvent changdetésfering with
frequency decreased by 9.5 Hz, indicating the auiisor of Pt ssthe crystal vibration frequency. The subsequergciign of the
20 complexes on the surface. In the last part of teagurement, the hydrochloric acid solution at pH 3 led the frequenand
initial solution, free from platinum complex, wasjécted again dissipation to return to their initial values, shog the total
to remove the weakly bound species; this leads tslight reversibility of the adsorption of [Ptgt on the alumina surface.
increase of F to -8 Hz. The changes in the dissipaecorded at  These operations were repeated several times, girgduearly
this stage stayed below 2xi,Gndicating that the system is wells identical ~adsorption/desorption cycles. It is néveless
25 within the limits of the Sauerbrey equation (Fig.2) important to note that the frequency variationhiese cycles is
greater than that observed during the very firssogation
measurement (Figure 1), indicating the adsorptibra digher
amount of CPA on the alumina surface. One poss#édean for

=
Y
=

N‘\E es this difference is an increase in the alumina serfeoughness
3120 ") after treating with the pH 12 solution (alumina adissolve or

i} so| oz | PO e 2 D form a boehmite phase at high §8; changes in root mean
S pH3 Qe & square surface roughness of just a few nanometersimteed
£ e e e ® = lead to significant increase in specific surfacead™ *% We
(5) 7o surveyed by AFM the topography of alumina coveredrtg

Py —b—o—§ﬁ9;wragro—b- prior to and after immersion in the pH 12 solut@amnd images

0 1000 Tinfg‘;‘s’) 3000 corroborated this hypothesis. Consequently, the unedsamount

Fig. 2 Changes in adsorbed mass calculated from the I8ayenodel of adsorbed CPA per émvas overestimated in this second series

upon [PtCY]> adsorption on alumina at pH 3, along with the pesl of experiments due to the underestimation of thdase area.
adsorption model 75 This result highlights the difficulty in applyindnis innovative

technique to the analysis of small molecules; ttsogption of
biomolecules is indeed much less affected by timemater-scale

2 Thi | . . h lated roughness of the substrate due to their larger. gigea result,
- This value may seem surprising, since the coeecaculate biomolecules produce more accurate results whemgebn the

after drying for tr;%s‘lsystem.was betvyeen 0.16 addhnol.cn, . sovalue of the geometrical surface of the quartz. Elmv, this
or 65 to 81 ng.cm”. The difference is due to the co-adsorption difficulty in no way diminishes the considerabletemtial of

35 Of yvater molecules. For CPlA, the hydration shell \/uai;egd Quartz Crystal Microbalance for exploring TMC adsimpt
estimated at 20 40 /complex??, which leads to 123-154 ng.&m

30 Fig.2 shows that the saturation coverage, afteinmgwith pH 3
solution, is reached for an adsorbed complex mb&gd® ng.cm
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