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Co(ll) solution species containing 1 equiv of phenanthroline (phen), 2-methyl-1,10-phenanthroline (MMP), or 2,9-
dimethyl-1,10-phenanthroline (DMP) ligand formed inner-sphere surface complexes when grafted on silica. The
speciation on the silica surface depended on both the pH of the grafting solution and the steric bulk of the ligand.
[Co(DMP)]** formed tetrahedral surface adducts exclusively, with a 1:1 ligand—Co ratio. These surface adducts
were first detectable at pH values above 5.1. [Co(MMP)J?* and [Co(phen)]** formed exclusively octahedral adducts
on the surface with a 1:1 ligand—Co ratio at pH values below 5. The [Co(MMP)J** complex formed a tetrahedral
adduct initially at pH 6 and increasingly as the pH was raised. The [Co(phen)J?* complex did not produce a comparable
tetrahedral surface species under any conditions. Instead, mixtures of octahedral surface species with both 1:1
and 2:1 ligand—Co ratios began to form at pH values above 6. Taken together, the results indicated that the
development of tetrahedral stereochemistry was strongly influenced by steric factors in the presence of a nitrogen-
donating ligand. All three phenanthroline derivatives promoted surface binding of the Co(ll) ion adducts, so that
maximal binding occurred at lower pH values than for binding of [Co(H,0)g]?*, which formed exclusively tetrahedral
adducts.

Introduction tetrahedral adduct that forms when the solution complex
The fields of inorganic and surface chemistry have become [C0(2,9-dimethyl-1,10-phenanthroling)[Co(DMP)F*) binds

increasingly intertwined due to a common interest in produc- t© Silica gel surface$.A surface species having a single

ing heterogeneous transition metal catalystdviany of the silanol bond was characterized by X-ray absorption spec-

studies reporting heterogeneous catalysis lack detail regarding™Scopy (XAS), IR, UV-vis, and pH titration data, which

the identity of the active surface species as well as the effectWere consistent with the formula [Co(DMP)(SIOXB)]-

of surface speciation on catalytic activity. This level of detail (NOs). The concentration of the tetrahedral adduct on the

is particularly important when the intentions of such studies Surface was increased concomitantly with the pH of the
are to deduce a mechanism and thus to improve the grafting solution within the pH range-8. An increase in
performance of supported catalysts. spectral intensity by 16-fold and the unique characteristic

Recent work in this laboratory has produced a clear spectrum of the surface adduct relative to the octahedral

structural picture of an unusually homogeneous distorted Solution precursor, [Co(DMP)(#D)d(NO5)., allowed for the
probing of a variety of silica surfaces.

The [Co(DMP)}* silica surface adduct has shown cata-
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cobalt and copper diimine and aminopyridine adducts grafted obtained in transmittance mode and converted using the Kubelka
on or adsorbed to ion-exchange resins and silica gel, Munk function [(1— F)%/(2Fr)], whereFr = fraction transmitted?
respectively}2-14 In the previous studies, qualitative observa- ~ 2-Methyl-1,10-phenanthroline. 1,10-Phenanthroline (0.57 g,
tions of color indicated that the most likely coordination 3-16 mmol), 1,4-diazabicyclo[2,2,2]-octane (DABCO) (0.9 g, 8.02

modes at the surfaces were octahedral and tetrahedral™mo!. and 40 mL of dry benzene were added to a flame-dried
respectivelyi-12 Inferences regarding mechanism or changes 100-mL Schlenk flask and cooled te-30 °C in a salt/ice water

. talvti tivit limited b f the inh ¢ bath. Methyllithium (1 M in cumene/tetrahydrofuran, 12 mL, 12
In catalytic aclivity were limited because ol the inheren mmol) was added dropwise over 20 min. The mixture was stirred

ambiguities associated with the superficial characterization 4 5109 °c for 30 min and then allowed to warm to room
of the polymer-bound metal centers. temperature. The dark red-brown mixture was quenched with an
The overall goal of this work was to clarify whether metal- equal volume of saturated aqueous ammonium chloride and
ion stereochemistry has a significant influence on the catalaseextracted with ether (% 50 mL). The ether extracts were combined,
activity of the surface-bound complexes, with the ultimate washed with 100 mL of brine, and dried over anhydrous sodium
intention of applying these insights to studies of other sulfate. The solvents were removed under reduced pressure,
catalysis systems. In our previous study, the decrease inaffqrding the.crude product gsayellow oil. The crude product was
coordination number when the [Co(DMP)fragment bound redissolved in 150 mL of d|chloromethane,_then 200 mL of 1:1
to silica gel was attributed to steric interactions between the Pleach-waterand 0.10 g of tetrabutylammonium hydrogen sulfate
methyl groups of the DMP ligand and the silica surf&ta? were added. After the mixture was stirred vigorously overnight,

A dinaly. i dth . f : f the organic layer was collected and washed with watex (80
ccordingly, it was expected that examination of a series o mL) and then brine (50 mL). The resulting yellow oil was then

cobalt phenanthrolines with incremental changes in steric grieqd over anhydrous sodium sulfate and purified by column
bulk around the metal binding sites would help to confirm  chromatography on silica gel (23@00 mesh 60 A) using 60%
this hypothesis and would provide insight into the steric ethyl acetate, 38% hexanes, and 2% triethylamine as the eluting
effects on surface stereochemistry that could be applied tosolvent & = 0.11). The oily product was crystallized by dissolving
the understanding of catalytic behavior. As described in this in ether and adding hexanes (yield 0.47 g, 77% overall). Mp
work, we have found that the tuning of steric effects about 88—89 °C.*H NMR (CDCI/TMS, d): 2.92 (s, 3H), 7.50 (d, 1H),
the periphery of the phenanthroline metal binding site does 7-65 (m, 2H), 7.75 (m, 1H), 8.10 (d, 1H), 8.21 (d, 1H), 9.21 (d,
indeed have a strong influence on both the affinity and 1H).

stereochemistry of surface binding for the Co(ll) complexes, __Détermination of Surface Binding. A 0.1 M aqueous stock
although differences in the surface speciation behavior solution of [CO(NQ)>'6H;0] (J.T. Baker) and 0.1 M methanol stock

iated with th . i d ludes di solutions of each ligand (phen, MMP, and DMP) were prepared.
associated with the various ligands precludes direct Com'lmmediately prior to each experiment, the ligand and cobalt stock

parison of the catalytic chemistry. solutions were combined by diluting 5 mL of each to a total volume
Experimental Section qf 100 mL with c_ilstllled HO to make a O._005 M solutlon_ with 1:1

_ ] ligand—metal ratio. Methanol was added in place of the ligand stock

General. Unless otherwise stated, all chemicals were of reagent for the pH titration preformed in the absence of added ligand.

grade and used as received from Aldrich. 2-Methyl-1,10-phenan- cleaned Merck silica gel 9385 (1.00 g, reported surface area
throlme, MMP, was_p_repared by methylation of phenanthrpllne as gpproximately 480 fhg~! and pore diameter 60 A), weighed at
described below. Silica gel (Merck 9385) was washed with 6 M ambjent temperature and humidity, was added to 10 or more flasks
HCI and then rinsed with distilled water during vacuum filtration. {5y each of four data sets using phen, MMP, DMP, and nitrate cobalt
The washing procedure was repeated several times until the washingyqqucts. Aliquots of 2 mL of 0.1 M HCI and 2 mlf @ M sodium
solution was neutral to universal pH indicator paper and the yellow pitrate were added to each flask containing the silica. The pH was
color resulting from ferric ions present in the sample was no longer jncreased incrementally from one flask to the next within the range
visible by inspection. The silica was then dried in a D oven of 2 to ~10 by addition of 10 mL of various dilutions of a 0.1 M
overnight and stored in a closed bottle on the benchtop. pH N3OH solution. [Co(ligandfl or [Co(H,0)]2* (8 mL, 0.005 M)
measurements were made using a Corning ion/pH analyzer 350yas then added to each flask. The final concentration in each
and ion selective electrode. Proton NMR spectra were obtained gjjica sjurry was 0.009 M HCI, 0.09 M NaNOand 0.0018 M
using a 300 MHz Varian Mercury spectrometer. Visible spectral [Co(ligand)P* or [Co(H,0)g)2+. The samples were incubated at
measurements were made on a Hewlett-Packard 8452A diode arrayys °c for 3 h, during which time mixing was accomplished by
spectrophotometer using 1-cm path length quartz cuvettes for physically shaking the samples every few minutes. The pH of the
solutions. Measurements on the solid silica samples were performe‘gupernatam was measured after incubation. The pH was not adjusted
using the same spectrometer equipped with a Labsphere RSA-HP-after the 3-h period; rather, the desired pH was achieved by pre-
84 diffuse reflectance accessory and a BR21A re_f_lectlwty reference |iminary experiments establishing the starting pH values that gave
(Labsphere) as the background. Spectra for silica samples weree greatest number of points in the pH range of interest. Samples

incubated overnight showed little to no variation in the amount of

12 |7_\io,n'5‘(l)ag/l_';5§5hfn’ X.; Hanaoka, S.; Yamada, Ahal. Chem2001, grafted C8". The pH titration data presented for the [Co(DMP)]
(13) Salem, I. AJ. Mol. Catal. 1993 80, 11—19. represent only one data set as the [Co(DM¥iP{jiration data agreed
(14) De Farias, R. F.; Goncalves, A. S.; Airoldi, . Colloid Interface very well with those data reported earlier at a higher grafting
Sci.2002 247, 159-161. ; itrati +
(15) Watton. S P.. Davis, M. I.: Pence, L. E.: Rebek, J., Jr.: Lippard, S. J. concentratloﬁ.'l;rle pH titration data for [Co(MMPJT, [Co(phen)},
Inorg. Chim. Actal995 235 195-204. and [Co(HO)e]** represent the average of two data sets (error bars
(16) McBryde, W. A. EA Critical Review of Equilibrium Data for Proton-
and Metal Complexes of-110-Phenanthroline, 2,Bipyridal and (18) Frodyma, M. M.; Lieu, V. T. InModern Aspects of Reflectance
Related Compound®ergamon Press: New York, 1978. SpectroscogyWendlandt, W. W., Ed.; Plenum Press: New York,
(17) Irving, H.; Mellor, D. H.J. Chem. Socl962 5237-5245. 1968; Chapter 6.
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omitted for clarity, included in Supporting Information (SI) Figures
S1-S3).

The concentration of grafted [€d was determined for
[Co(MMP)]2*, [Co(DMP)EF, and [Co(HO)¢?" grafted silica
samples by first removing a known volume from the grafting
solution. The solutions removed were then adjusted to a pH below
7 and diluted appropriately with 15% NBHCN in acetone. The
NH,SCN/supernatant v/v ratio was maintained at 73%.linear
working curve for [Co(NCS)2~ was established in the absorbance
range of 0.2 to 1 = 1841 Mt cm™® at 622 nm) both in the
presence and in the absence of MMP and DMP ligands. Independent
measurements produced at most an error of 5%. The concentration
of Co?* grafted on the surface was calculated by subtracting the
amount remaining in solution from the initial concentration added. = L

For the [Co(phen§]- samples, a different assay was developed 350 400 450 500 550 600 650 700
because the thiocyanate anion did not compete efficiently with Wavelength (nm)
phenanthroline. [Co(pheri)] was converted to [CoGF~ by first Figure 1. The visible solution spectra of 0.043 M [Cof®)s]?" (Y4
freeze-drying known volumes (5 mL or 10 mL) of the grafting dilution of a 10 000 mg/mL Ultra Scientific atomic adsorption standard at
solutions that were placed in 15 mL eppendorf tubes covered with pH 1) (A) and 0.03 M C&" in the presence of one equivalent phenathroline

(B), 2-methyl 1,10-phenanthroline (C), and 2,9-dimethyl-1,10-phenanthroline
perforated caps. A Labconco Freeze-Dry System/Freezone 4.5py gpectra B, C, and D are multiplied by the factor shown for clarity and

instrument was used for lyophilization. The freeze-dried samples were measured at an ambient pH-66.
were then treated with either 0.25 or 0.5 mL of deionize®Hto

aid in the dissolution of the salt), followed by 5 or 10 mL of 12 M 10 T T

HCI. The nitrate salts present from the grafting solution did not
completely dissolve in the concentrated HCI and thus were allowed 30
to settle after thorough mixing of the samples. The supernatant was
removed from each sample and the [C4Tl was determined
spectrophotometrically. A linear working curve, established for the
spectrophotometric assay within the range of 0.1 and 0.5 AU, gave
e =570 M1 cm™ at 692 nm.

An assay was also developed for the determination of MMP and
phen ligand concentrations in the supernatant solutions. Given the
thorough characterization of the DMP adduct in the previous Work,
this assay was not performed for the DMP ligand. A linear working
curve for thex — z* transitions of the protonated ligands in _
concentrated HCI solutions producee= 35 300 and 35 900 Mt ” "
cm1at 282 and 280 nm for MMP and phen, respectively. Because
of the large extinction coefficients of tte— z* transitions relative

to that of the e-d transition used for determining cobalt, it was Figure 2. The amount of C& grafted @ 1 g of Merck 9385 silica as a

- - - function of solution pH using aqueous complexes [Ga}d]2" (diamonds),
nece_ssary tp perfqrm serlql dilutions on the samples in order to [Co(phen)(HO)J>* (squares), [Co(MMP)(bD).J?* (triangles), and [Co-
obtain readings within a linear range. Consequently, the error (pmp)(H,0)2* (circles). The lines shown are smooth fits to two data sets
associated with the ligand assay is higher than that for the cobaltper grafting species.
determinations. On the basis of a working curve prepared using

identical dilutions from a concentrated stock solution, a maximum

Absorbance

N
(=)

N
(e}

% Co grafted

\®]
()

all produced similarly shaped broad spectra with maxima at

error of ~7% was established for the phenanthroline concentrations approximately 460, 486, and 500 nm (Flgpre 1, curves B,
vs a 5% error for the cobalt concentrations. Select samples wereC: @1d D). These spectral features are typical of octahedral

also treated with excess (2103 M) Co?* in sodium acetate buffer Sp(-?‘cies an_d very Similar to that of_aqueous_ [CoNO®H O],
(pH 5) in accord with a previously published metH8dThe which exhibits a single absorption maximum centered at

absorptivities of these samplesiaty,= 270 nm (35 900 M* cm™?) approximately 510 nm (Figure 1, curve A:=9 M~tcm™).
were comparable to those obtained at 280 nm for the same samplefreedge X-ray absorption near edge structure analysis has
treated with HCI, although the absorption coefficient (33 000M  supported a distorted octahedral structural assignment to
cm1) was found to be slightly higher than that reported by Park [Co(DMP)(H0)4](NO3),, as described previousty.
and Jung? Acid/base titrations with solutions of cobalt nitrate and
the 1:1 complexes of Cb with DMP, MMP, or phen in the
presence of silica afforded the curves shown in Figure 2.
Mixtures of [Co(NQ),:6H,Q] and phenanthroline (phen), The data represent the total amount of cobalt detected on
2-methyl-1,10-phenanthroline (MMP), or 2,9-dimethyl-1,10- the silica surface for each species as a function of the grafting
phenanthroline (DMP) (1:1) in aqueous methanol solutions pH but do not provide information on the structural
homogeneity of the surface species.

Results and Discussion

(19) Sdanclietll, E._BColcgirEEtrri]c Detﬁlrminstiokn gg ETcr)aces of Metalgnd Surface Binding of C&". In the absence of phenanthroline
ed.; Interscience rublishers: ew YOorkK, . . -—

(20) Park, Y. J. Jung, K. HJ. Colloid Interface Sci1993 160, 324- ligands, aqueous Cb became grafted on the silica surface
331. over a pH range of-7 to 8.8(Figure 2). Over 95% of the
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Figure 3. Diffuse reflectance spectra of [Cof8)gJ2* (A) and C&* Figure 4. Diffuse reflectance spectra of €ocomplexes grafted in the

complexes grafted in the presence of 1 equiv of MMP (B) and DMP (C). Presence of 1 equiv of MMP at grafting pH values of 2.1, 2.5, 4:1' 6.0,6.7,
Cuer:es A, Bg and C correr)pond to grafting pH values o(f 5)3_4, 8.1, and( 8).0 73 7.6, 7.9, and 8.1. The spectra correspond roughly to data points presented

and loadings of 1.8, 1.7, and 1:610-3 mol of Ca?*/g of silica, respectively. in Figure 2 that show the average values of two data sets.
Amax= 654, 584, and 512 nm (DMP and MMP adducts) and 650, 522, and ) ) ) )
ca. 592 nm (sh) (nitrate adduct). substantially (20%) at pH 4.1, a range in which little to no

surface binding was observed for the DMP cobalt adduct
solution SpeCieS was accounted for on the silica surface at(Figure 2) The diffuse reflectance Spectra for Samp|es of
pH 8.8. A homogeneous distribution of tetrahedral surface the MMP adduct grafted at pH values of 2.5 and 4.1 showed
sites was evident from the increase in diffuse reflectance the characteristic Spectrum of an octahedral Species_ Begin_
spectral intensity without a change in spectral band shapening at pH 6 until maximal binding~pH 8), the diffuse
(Figure 3, curve A, Sl Figure S4) withmax = 650 and 522 reflectance spectra clearly indicated the presence of a
nm and a shoulder centered at approximately 592 nm. Thetetrahedral adduct (Figure 4). The three maxima of the MMP
cobalt species are sensitive to moisture loss, as samples drie@omp|ex spectrum at 654, 584, and 512 nm were identical
at 50°C or in a desiccator overnight produced spectra that tg those of the DMP adduct (Figure 3, curve B). The small
displayed less splitting in the visible region, due to a shift spectral feature that appeared at 420 nm in the spectrum of
in the higher energy peak from 522 to 540 nm. The spectrathe DMP adduct was not observed due to a significant
produced after drying strongly resembled those of calcined jntensity contribution from a species that absorbed at higher
sol-gel samples containing cobalt(ll) nitrate?*The lower  energy, which was believed to be an octahedral surface
intensity of the diffuse reflectance spectrum compared to that gqduct (Figure 3, curves B and C). The spectral intensities
of the tetrahedral [Co(DMPJ} sample at similar loading  at 654 nm for the DMP and MMP adductsa@0%-bound
(vide infra) suggested that the air-dried grafted cobalt samplesc 2+ were 0.68 and 0.47 Kubelkaunk units, respectively,
have a five-coordinate Structu%%\Nith the fifth |Igand most Suggesting that approximate|y 30% of the cobalt is bound
likely being a coordinated water molecule. in an octahedral form in the presence of MMP.

Surface Binding of [Co(DMP)J**. For the DMP adduct, An assay of the surface-bound MMP ligand over the pH
the diffuse reflectance spectra indicated an increase i”range at which C& was adsorbed indicated an approxi-
spectral intensity throughout the pH titration without a change mately 1:1 ligane-Co ratio for all surface adducts above
in spectral shape (Figure 3, curve C, Sl Figure S5), as WaspH 4. C@+ was not detected on the surface at pH 2, but
observed for the nitrate adduct (vide supra). about 20% of the ligand present was absorbed to the silica.

The pH data represented in Figure 2 are in agreement withApproximately the same percentage of MMP ligand bound
our previous work, which established that binding of  to silica in the absence of cobalt at this pH (data not shown).
[Co(DMP)F to the silica surface resulted in a homogeneous A disproportionate amount of ligand binding at low pH
distribution of a highly distorted tetrahedral symmetric values relative to GO is consistent with the observations
species at all grafting pH$. of other researchers for the phenanthroline lig&hd.

Surface Binding of [Co(MMP)]**. The MMP adduct Surface Binding of [Co(phen)Pt. The cobalt-phen
became bound to the silica surface initially at pH 2.5 and adduct became grafted to the silica surface at very low pH
values relative to the MMP and DMP complexes (Figures 2

(21) Boos, A.; Pourroy, G.; Rehspinger, J. L.; Guille, JJLNon-Cryst. ; 200,
Solids1994 176 172178, and 5). Equivalent amounts of €o(~20%) were bound to
(22) Reisfeld, R.; Jorgensen, C. &truct. Bonding (Berlin1992 77, 207— the surface at grafting pH values between 2 and 5. The
265. ; . . .
(23) McMillin, D. R.; Rosenberg, R. C.; Gray, H. Broc. Natl. Acad. diffuse reflectance measurem.em.s pfoquce.d Vlrtua”.y |den_t|_cal
Sci. U. S. A1974 71, 4760-4762. spectra for these samples with indistinguishable intensities

(24) The data presented in this work differ only in the concentration of (samples grafted at pH values of 2.0, 2.3, and 3.8 shown in
[Co(DMP)J?" and the identity of the base used. Both of these . . . N . .
parameters were adjusted in this work in order to permit a more direct Figure 5)’ suggesting a pH-lr)depgn(?k'ant blndlng in this pH
comparison with the MMP and phen adducts. range. Because €odoes not bind significantly to the surface

7384 Inorganic Chemistry, Vol. 42, No. 23, 2003



Speciation of Ternary Cobalt(Il) Complexes

0.5 diffuse reflectance spectra in the 57600 nm range of the
samples grafted at pH 8 and sample prepared later at pH 9.4
were very similar to that of the tetrahedral cobalt nitrate
Intensity species and showed much less splitting of the spectral bands
and pH than was observed for the spectra of the DMP and MMP
tetrahedral adducts. It thus appears that treatment of silica
with a 1:1 mixture of C&" and phenanthroline at higher pH
values affords mixtures of octahedral mono- and bisphenan-

\ '\‘-\“o‘ ) throline surface adducts, as well as tetrahedral adducts of
\ TN e, unligated C8&" ions.

The relative amount of mono- and bisphenanthroline
complexes cannot be determined from the current data.
0 Nevertheless, the binding and spectral data obtained in the
400450 500 550 600 650 700 750 pH range of 6.47.2 clearly shows a marked tendency for

Wavelength (nm) binding of the bisphenanthroline complex to the silica
Figure 5. Diffuse reflectance spectra of €ocomplexes grafted in the surface, affording materials with a ligan€o ratio that

presence of 1 equiv of phen at pH values of 2.1, 2.3, 3.8, 6.4, 6.7, 7.0, 7.6, cj~nnifi i i
7.9, 8.1, and 8.3. The spectra correspond roughly to data points presentec|slgnmcantly exceeds that of the graftmg solution. We thus

in Figure 2 that show the average values of two data sets. Samples preparednfer tha_t there is a _significant preference_ fOr coordination
at a grafting pH values of 2.1, 2.3, and 3.8 appear stacked on one anotherof the bisphenathroline complex to the silica surface. We

with equal intensities of approximately 0.5 units at 460 nm. considered the possibility that the driving force for formation
of the mixed surface-bound species is provided by coordina-
tion of the unligated cobalt ion to the silica surface. This
possibility was dismissed, however, on the grounds that
binding of the phenanthroline complexes was detected at
lower pH values than was binding of the unligated’Co
Such favorable binding of the bisphenanthroline complex is
in accord with observations for the binding of the analogous

e
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at pH values below 7 in the absence of phenanthroline ligands
(Figure 2), the data suggest an octahedral 1:1 pl@m
surface adduct formed at the pH values under 5. Given that
the amount of bound complex is essentially constant over
this pH range and that deprotonation of silanol groups occurs
primarily in the pH range 68,2° the data most probably

indicate association of the complex via interactions with copper bipyridyl complexes to silica surfadésVe note that

pthonZtedlsnanoflgrA(f)upz (SbDH)' he i - ithin th our data differ significantly from those reported by Park and
t pH values of 6.4 and above, the intensities within the Jung?® who showed a continuous decrease in ligad

_high—energy region of the spectra (between 425 and 500 nm)ratios from a value of approximately 3.5 at pH 2 to
increased nonlinearly when compared to the amounts ®f Co approximately 1.5 at pH 7. We repeated our experiments

detected on the surface. This behavior was inconsistent withusing the phenanthroline assay as reported by those wérkers
th da; expe;teld for m(;:reasfe d Ioﬁd'n%Of a 1:hl pﬁ@n surfacle and obtained essentially the same results as those described
?‘d.UCt-d %utlohn ata_for :c eh P enan'él rque co:np XS above. Although our procedures differ in some minor respects
:;1 |cate(>j_fft att gf_spe(itrg Ob t g n;]eran b 'S'ﬁomt? EXES " from those of Park and Juri§we cannot identify a specific

do not differ significantly in band shape, but the absorption ¢, .4 that would account for the differences in behavior that
intensity due to the bis-species is roughly 4-fold greater than .. -« cbserved

that of the MONO-Species (SI Figure S7). In_ ad.dmon, the The pH titration data, diffuse reflectance spectra, and ratio
megsured phenCo ratio for the surfacg species in the pH ligand—Co presented above for the MMP and phenan-
regljlon of 6'ﬁ_.7'0 was llncrease.d rilitg’i 0 a,l: gtge_:_ pkH throline adducts taken together indicated a complex model
values, reaching a maximum ratio ot L.o. atp - 18KeN ¢4 the surface binding equilibria, contrasting starkly with
together, these data are consistent with formation of a m|xturethe behavior of the more highly substituted DMP complex
of mono- gnd bls-sp§C|es, although the; measurements Wererhe pertinent speciation behavior is summarized schemati-
not sufficiently precise to allow prediction of the exact cally in Figure 6. The complexity of the equilibria in such

fractlonal dd_'Str'bUt'onf of e?chi Thﬁ_ ﬁgta were therefore systems has been described before, particularly in the case

2+ i
of [Co(phen)]** began to bind to the surface as the pH was indicate that steric factors have a strong influence on the

;aised, mosctj Sp:r(c;?ably due to surface coordination via surface binding preferences of the cobalt phenanthroline
eprotopate groups. an complexes. The unsubstituted phenanthroline complexes have
The diffuse reflectance spectra of [Co(phén)$amples 5 grong propensity to coordinate to silica as octahedral 2:1

showed increasing intensities in the region of 650 NM, nnen 2+ species. This tendency is probably related to the
characteristic of a tetrahedral species, when grafted at andgapjjization of metal complexes having a combination of
above a pH value 6.4 (Figure 5). As the intensity of this yon6r (e silica) and acceptor (phenanthroline) ligands.

spectral feature mcr_eased, the. meas.ur(-‘f-d P ratio Steric effects introduced bg-methyl substituents interfere
decreased, approaching the solution stoichiometry of 1:1. The
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9-) positions shows a clear dependence on ligand steric bulk.
Whereas the unsubstituted phenanthroline promotes forma-
tion of an octahedral surface adduct with a 2:1 ligantktal
stoichiometry, the ortho-substituted MMP and DMP ligands
induce a preference for binding as a tetrahedral adduct with
a 1:1 ligand-Co?* ratio. The initial objective of the study
was to identify conditions under which octahedral surface
adducts having a 1:1 diimirenetal ratio could be prepared.
The creation of a homogeneous counterpart to the DMP
adduct would permit a straightforward comparison of the
influences of coordination geometry on catalytic activities.
Since the unsubstituted phen ligand promoted formation of
surface adducts with a different phe@c?" stoichiometry
than those of the MMP and DMP ligands, such comparisons
could not be accomplished using the current grafting
procedure. Nevertheless, the data provide useful insight into
the effects of ancillary ligands on coordination of metal ions
Figure 6. Schematic diagram representing the distribution of'Gipecies gt the silica surface. A clear understanding of such interfacial
on the silica surface as a function of grafting pH and ligand steric bulk. . . . . . " .
Block thickness represents qualitatively the proportion of each species coordination effects will be Important in deS|gn|ng hyb”d
present. Gradients indicate increasing and decreasing concentration on thenaterials for catalysis and other applications.
silica surface.
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in more favorable synergy between the donor and acceptor
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