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Two methods of immobilization of the butyric 4-oxocyclo- ium tetrafluoroborate (TSU) and diisopropyl amine in anhy-
pentadienylmanganese tricarbonyl acid | on gold surface are drous DMP to give theN-hydroxysuccinimide estdt. The
presented: either through the assembly of a disulfide derived disulfidelll was then formed by overnight reaction of the ester
from the acid, or by coupling on a cystamine monolayer; the with cystamine in anhydrous DMF in the presence of triethyla-
efficiency of these two ways are evaluated by IR reflection mine [Scheme H)].
spectroscopy and X-ray photoelectron spectroscopy. SAMs of the disulfiddll were prepared on gold substrafes
previously cleaned with UV/ozone treatment. The substrates
The research of new immunoassay methods avoiding thsere then placed in a dilute solution (1.&)wof IIl in distilled
drawbacks of radioactive tracers appears to be a main line ifHF for 20 h.
analysist We recently demonstrated the possibility to assay The IR reflection spectra of the monolayeobtainedvia
drugs, hormones and pesticides by FTIR spectroscopy usimgethod A is shown in Fig. &(. The bands at 2041 and 1968
organometallic marke&sFor that purpose, we took advantage cm—1are characteristic of the metal carbonyl vibrations, and did
of the specific and intense stretching vibration of the metal not change with reaction time, which indicates that an
carbonyl [M/(CO)J] within 1900-2150 cm. Moreover, this equilibrium state was reached. A shift to higher frequencies is
method might be one of the rare realistic approaches to multebserved compared to the IR spectrum of the pure compound
immunoassays thanks to the characteristic positions of the mef@he E mode vibration of the pure compound is observed at 1940
carbonyl groups signals. cm-1). We believe that this shift is due to hydrogen béhds
So far the analysis was performed in solution and required accurring in the pure compound which lower the frequencies.
separation of the free tracer and the antibody-linked tracer. Thisn the gold surface, such interactions are prevented. The
step was time demanding and turned out to be incompatible wittbserved frequencies are the same as those in
a large scale analytical development. In order to perform thig-acetylcyclopentadienyl manganese tricarbonyl (2040 and
analysis in the solid state, we investigated the immobilizatiod965 cm® in KBr disc)13 which has a similar electron
and detectability of organometallic-marked biological mole-withdrawing substituent on the ring and no possible hydrogen
cules. Biological material can be immobilized on a surface as bonds.
host in polymer thin film$, as a host or an adduct within  In method B, we first prepared the monolayer of cystamine by
Langmuir-Blodgett film$or can be graftedia covalent bonds soaking the gold substrates for 3 h in a solution of cystamine
on a self-assembled monolayer (SAM)e selected the third dihydrochloride (0.05v) in water. Upon removal from the
method because it provides bioactive films with high accessisolution, the substrates were rinsed with 20 ml of water, 5 ml of
bility for external molecules. absolute ethanol and then were dried under nitrogen.
Self-assembled monolayers on gold surfaces are generally The covalent link of the acidl was constructed by first
prepared from dilute solutions of thiols (or disulfides). Bio- activating the acid into the estiér The cystamine monolayer
molecules can be attached to the surfaeethe terminal was then immersed for 20 h in the solution, and some
functional groups of the assembled thiolate. Before working ouliisopropylethylamine addeéd. The protocol is illustrated in
the biological matrix, we studied the detectability of manganes&cheme 1f). A ‘test slide’ was prepared at the same time
tricarbonyl complexes immobilized on the gold surface by IRfollowing the same procedure but without TSU, in order to
reflection spectroscopy (IRS). The present study is necessacheck the efficiency of the activation. Both were rinsed by two
because the immobilization of metal carbonyl complexes o2 min immersions in DMF, then one in absolute ethanol, dried
gold surfaces is a quite new research fieléVe report here a and analyzed by IRS. The IR reflection spectra obtainad
comparison between two means of attachment of an organome-
tallic acid, the butyric 4-oxocyclopentadienylmanganese tri-

carbonyll, on gold surface. Acitlcan be prepared following a 0.004 @ 2041 (@) 0002 )
known synthesis using cymantrehighe attachment of the acid 2036
was carried out either in one step with a disulfide derived from3 0.003- 1988 1084

the acidl (method A) or in two stepgia the linkage ofl with 8 0,002 o001l

a chemically reactive SAM (method B). We used two different §
and complementary surface spectroscopies to evaluate thg .|
efficiency of these two strategies: IR reflection spectroscopy to®

detect the carbonyl vibrations, and photoelectron X-ray spec- o.0004, ot 6.000

troscopy to compare the molecular densities through the S/Au

peak area ratio. 3000 2500 2000 1500 1000 3000 2500 2000 1500 1000
To achieve method A, the organometallic adidwas Wavenumber/cm”’ Wavenumber/cm’*

transformed into a surface-active molecule. Esterification of Fig. 1R reflection spectra ofaf the disulfidelll monolayer andk) the
was performed wittN,N,N’,N’-tetramethyl(succinimido)uron- result of coupling on a cystamine monolayer
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@ mn(coy, the roughness of the surface at the molecular scale, and the
likely amorphous character of these monolayers constituted by
molecules having bulky terminal groups, we assume that the
metal carbonyl moieties ofc;, symmetry are randomly
° - ) 2n oriented. The observed IR signal is consequently unaffected by
o a preferential orientation of the molecules, but essentially
)Njﬁ determined by the number of attached metal carbonyl moieties.
g Therefore, the yield of attachment is the main factor for the
I differences in the IRS spectra. We found that the attachrigent
EtN method B wasa. 45% of the attachmenia method A (average
of three experimental values taking into account the slight
Mn(CO)s Mn(CO)s Mn(CO);  Mn(CO)s difference in surface densities shown by XPS).
@ d) (b d) This value can be compared to the 40% of activategHCO
obtained after one cycle of activation of the 11-mercaptoun-
o o o o
o) o O, [e]
HN HN ; 5
j\ j 1 j\ An organometallic acid was covalently attached to a
s—s s s cystamine monolayer on gold. The amount of attachment was
i JTL evaluated by combining two surface techniques, XPS and IRS,
¢ and comparing the signals of the monolayer obtained after
coupling into the adsorbed phase with those from the corre-
Mn(CO);  Mn(CO) sponding disulfide layer.

(b) h . . .
d) d) This work allows us to envisage an immunoassay using
organometallic markers in the solid phase.
1 20n O o
O,
W

decanoic acid groups hy-hydroxysulfosuccinimide (NHSS)
with EDC217 The limited yield of 40-45% in both cases
underlines the importance of the steric effects.
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