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The effect of ionic perturbation of the hydration shell on the molecular geometry of a charge-neutral radical
has been probed by time-resolved resonance Raman spectroscopy-asimpphenoxyl radical (BNCeH4O")

as a model system. The dynamic coupling between the amine scissors and the ring stretching vibrations is
found to be greatly enhanced on incorporation of chloride ion in the hydration shell, suggesting an increase
in the coplanar character of the radical. This observed ionic effect, not known previously, contrasts with a
recent finding that ions have a negligible effect on the hydrogen-bond structure in liquid water.

Structural studies on the interaction between transient radical p-aminophenoxyl (HNPhO) radical. This radical has been used
intermediates and their chemical environment in liquid water as a model system because of the abundance of spectroscopic
are rare. Infrared studies on a few closed and open-shell ionsand structural information available on it in aqueous solutién.
clustered with water molecules have been performed recently Theoretical studies predict it to be a phenoxyl (PH®e radical
in molecular beam experiments that aim to provide data for in the gas phas®’ However, the physicochemical properties
modeling the aqueous stdt&he water molecules that comprise  of the radical in water, such as resonance Raman spectra, ESR
the first hydration shell of a chemical transient in liquid water hyperfine constants, redox potential, and protonation behavior,
are generally too few in number to be detected by infrared indicate its structure to be close to thatmbenzosemiquinone
absorption. Solventsolute coupling in small size ions in  anion (Ph@~) and p-phenylenediamine cation (Ph(N})
aqueous solution has been examined by resonance Ramamadicals, which have semiquinone characteristfttdqueous
spectroscopd® and, in rare instances when the interaction is H,NPhO can also perform many of the chemical and biological
fairly strong, the dynamic coupling frequency between the solute functions of the latter radical$.Although the computed models
radical anion and the hydration shell has been obsetved. of PhQ~ and Ph(NH),*" provide a reasonable approximation
Identification of the solutesolvent coupled mode, without for them in the aqueous stdtethe gas-phase models of
altering the strength of interaction, can be accomplished by H,NPhO have little correlation with its aqueous state proper-
replacing light water by heavy watéiThis interaction can be  ties*6
gradually modified by associating ions with water molecules A key feature of the phenoxyl-like structure obPhO is
in the hydration shell. Such an experimental strategy allows the angle between the ring and the amine plane that in most
examination of the hydration effects even on charge-neutral gromatic amines is close to #%° That the molecular geometry
radicals that may not interact with their aqueous environment of the radical in water is more nearly planar is inferred from
as strongly as ions. the fact that in its resonance Raman spectrum the $tissors

In the present study, we have examined the effects of ionic (bending) mode is appreciably enhanced due to coupling with
modification of the hydration shell on bond properties of the the planar ring vibration (Wilson mode 8a) of comparable
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20000 region obtained 1.%s after the electron pulse. Background
spectra recorded after decay of the radical have been subtracted.
The radical decays in the second-order process, with an initial
half-period of~10 us (k = 1.9 x 10° M~ s71), from which

the initial radical concentration can be estimated to be about 5
x 1075 M. The Raman band at 1632 cfin Figure 1 is the
most intense band in the spectrum. Relatively much weaker
bands have been observed at 1432, 1172, 832, and 472 cm
These bands have been assigned previously, using purely
spectroscopic arguments and by electronic structure compu-
tations®~8 to the Wilson modes 7a (CO/CN in-phase stretch),
9a (CH bend), 1 (ring breathe), and 6a (ring distortion/CCC
bend), respectively. The 1632 chvibration has been assigned

to a predominantly ring stretching (Wilson mode 8a) mode.

0O — —— A The band shape in the blue spectrum of Figure 1 is analyzable
1720 1700 1680 1660 1640 1620 1600 1580 as the composite of three Gaussian components with centers at

RAMAN SHIFT -cm” 1670, 1653, and 1632 crh(blue dashed lines). The bandwidths
_ _ _ were taken as~18 cntl. In D;O solution, where the amine
'(:ggmrghé') 4b41' n Ramlan Spec”la q@-zmllnwheggﬁy' rad'c":‘j' group is deuterated, the 1670 chrband shifts downward in

2 obtained on electron pulse radiolysis obQ¢saturate :
agueous solutions c_ontaining 2 mpdaminophenol at pH 11 and 0 M grgggencyl tOT;Gstggd thf ;633 Chbanq tsf:jlfts.tl;lp\;ﬁard tl(-)|
LiCl, (blue) or 8 M LiCl (red). The three components of the observed 1099 cm=. 1he cm® band, assoclated wi e N
spectra are indicated in the figure by the dashed Gaussians of the samé&cissors mode, on the other hand, disappears from the-1600
color. In each case their sum reproduces the experimental spectrum1700 cnT? region and appears as the N&Xissors at 1178 cm
extremely well. Note an increase in the Raman intensity of the 1653 \yith only very low intensity*8 There is no other fundamental
(165103) C”Jl ba.”ﬁ' ?jz.c.om%grﬁﬂd Iff)ctlhe |16.70 (1671) and 1632 (1629) gy hacted in the 16061700 cnr region, so that the remaining
cm! bands, with addition iCl solution. . . ’ .
band at 1670 cmt in Figure 1 must be assigned to a

combination or overtone of a lower frequency mode. It can be

frequency If the coupling is caused by the hydrogen-bond readily assigned to the overtone of the ring-breathing mode at
interaction between the radical and water molecules, as sug-832 cnT*. The ring-breathing frequency shifts to 823 Thin
gested by the theoretical studfe&it should be possible to alter D20, causing a downward shift in the frequency of its
its strength by modifying the nature of the hydration shell by corresponding overtone band to 1659 ¢m
ions such as Cl The present study was undertaken to  Resonance Raman spectra were obtained with concentrations
investigate this hypothesis. We find that the presence of ions of LiCl up to 12 M and NaCl upd 5 M in solution. The
greatly amplifies the effect of the hydration shell on the spectrum obtained wit8 M LiCl in solution is shown as the
mechanical coupling between the hlscissors and the ring  red spectrum in Figure 1. From the Gaussian analysis (red
stretching vibrations of BNPhO observed in the 16601700 dashed lines), a downward shift of about 3dnin the 1632
cm™* region. and 1653 cm? bands is clearly discernible with the presence
The p-aminophenoxyl radical was prepared in aqueous in solution d 8 M LiCl. This shift, although very small, is also
solution by pulse radiolysis. On electron pulse irradiation of present in the experiments performed using NaCl. The vibra-
N.O-saturated water, th®H radical is the main reactive species tjgnal frequencies of the other fundamentals in the-4D800
present in solution on the 100 ns time sc&lk.readily oxidizes cm? region were found to be unaffected, within the experi-
p-aminophenol (K. = 10.5) in basic solutions to fornp- mental error, by addition of salt to the solution.

ﬁ:;m?ggs:gggf ?:gfégg‘; zf ?_|2CIf %rr tﬂgéﬂg’ggfﬁoﬁc@e In On addition of salt, the band at 1653 thin water increases
P ' in intensity relative to the 1670 and 1632 chbands. It can

radical reacts with Clto form CIOH~ or Cl,*~, which act as ; . . )
: . C be readily seen that the intensity of the 1650 &imand is almost
secondary oxidants for MIPhO. Irrespective of the oxidation N
y b P Scomparable to that of the 1629 ciband. A similar trend was

mechanism, the present studies show that the radical formed i I . . :
seen on addition of NaCl to the solution. The total intensity of

HoNPhO. NaCl (0-5 M) and LiCl (0—12 M) were used to . o
modify the structure of the hydration shells of the radical without € bands in the 16661800 cm* region, as compared to the

altering the pH. The pulse radiolysis-time-resolved resonance €St of the barllds in the spectrum, does not appear to change.
Raman technique, applied in this study, has been discussedlhe 1650 cm* band acquires more intensity, mostly at the
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previously elsewher& expense of the 1629 crh band.
The absorption spectrum of aqueousNiIPhO has a broad The species responsible for the spectra in Figure 1 is readily
peak at 444 (extinction coefficient6.1 x 10° M~ cm™1) and attributable to HNPhO, and not to any other transient reaction

an unresolved shoulder on its lower wavelength side. There is product, for the following reasons: (1) The Raman spectra in
also a very strong absorption peak at 320 nm (extinction Figure 1 were recorded in resonance with the transient absorp-
coefficient ~1.5 x 10* M~t cm1).4 Raman spectra were tion of HNPhO. (2) An increase in the relative intensity of
generated by excitation at 441 nm. the 1650 cm? band in the spectrum is the only new feature
The 444 nm absorption of the radical has been assigned to aobserved at high salt concentrations. No new bands are seen.
2B, — 2B, (7) transition, with the transition moment along (3) The vibrational frequencies do not undergo any significant
the long molecular axié.Excitation in resonance with this  change on addition of salt. And (4) the 1650 ¢rband decays
transition enhances only the FrareRondon modes. Figure 1 simultaneously with the 1670 and 1629 chibands, indicating
displays the Raman spectra in the 1587020 cn1?! spectral that they represent the same species. It must be concluded that
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the 1650 cm! band is enhanced in its relative intensity due to radical. The results reported here are extremely important in
modification of the liquid water structure around theNfPhO view of the recent claim that the hydrogen bonding properties
radical. of water molecules are hardly affected by association withi®ns.

A high Franck-Condon enhancement of a vibrational mode Though it is possible that a stronger coupling between the amine
in the resonance Raman spectra indicates that the excited-statscissors and ring stretch vibrations in the presence of ions is
geometry has undergone a large change along the nucleacaused by other solvent properties, such as dielectric behavior
displacement representing that mdd@he 1632 cm! band is of the medium, microviscosity or intrusion of the radical’'s amine
primarily a ring vibration (Wilson mode 8a) in which the central group into the hydration shell of the Cion, the vibrational
ring CC bonds stretch in phaé@&ecause this band dominates frequencies in benzenoid systems are not very sensitive to the
the 441 nm Raman spectra of agueouslIPhO, it can be safely strength of perturbations, internal or external, in contrast to the
assumed that the excited-state geometry of the molecule changeRaman intensities16 Therefore, it is not surprising that a change
along this normal-coordinate; i.e., there is an overall elongation in the orientation of the amine moiety in the radical affects the
of the ring along the OC- - -CN axis. In view of ther nature resonance Raman intensities far more than the vibrational
of the resonant electronic transition, a puredidissors motion  frequencies. The observed phenomenon is important for probing
is unlikely to have a significant effect on the nature of the the nature of interaction between a transient solute and its
transition. Therefore, it should not be appreciably resonance hydration shell by amplifying the strength of interaction by ions.
enhanced in Raman, unless it couples and borrows intensity from
the Wilson 8a ring vibration. We have established previously =~ Acknowledgment. The research described herein was sup-
that this coupling is quite significaifThe ND, scissors motion, ported by the Office of Basic Energy Sciences of the Department
which cannot couple and borrow intensity from the Wilson 8a of Energy. This is Contribution No. NDRL-4515 from the Notre
ring vibration due to mismatch in frequency, is barely observable Dame Radiation Laboratory. | thank Professors R. H. Schuler,
at 1178 cml. This ND; vibration is weakly coupled with the ~ T. G. Spiro, and A. M. Kelley for their valuable comments and
moderately enhanced phenyl CH bend (Wilson 9a), which shifts suggestions.
downward to 1164 cmt on coupling.
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