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The charge-transfer complex formed between hexamethylbenzene and 1,2,4,5-tetracyanobenzene has been
studied using time-resolved linear dichroism spectroscopy. These studies allowed the angle between the
transition moment vectors for the absorptions of the ground-state charge-transfer complex and the product
contact-radical ion pair to be measured. The results were compared with predictions based on the Mulliken
two-state model and an assumed structure of the ground-state complex. The comparison between the observed
and predicted angles supports the notion that relaxation of the excited charge-transfer complex leads to a
change in the complex geometry. The time dependence of the dichroism allows the average rotational diffusion
time constant to be determined. For this complex in 1,2-dichloroethane at room tempergiure75 ps.

This value is comparable to what would be expected based on B&igkes-Einstein diffusion theory at

the stick boundary limit.

Introduction What has been lacking in the descriptions of these relaxation

Current interest in the photochemistry and photophysics of processes Is a detailed understqnding of the el_e(_:tronic states
involved in the ground- and excited-state reactivity of these

charge-transfer (CT) complexes stems from the fact that rapid complexes. Direct evaluation of CT absorption spectra does not

eIectrpn-transfer reactions, .and Processes mmateql by theseallow a complete description of these states to be unambiguously
reactions, may be studied in the absence of relatively slow

diffusional quenching processksThe formation of these established. These spectra are usually broad and featureless with

c9 ) . . . significant band overlap. Observations of small differences
complexes plays a significant role in many organic and inorganic S )
. . : . .~ between spectra are usually open to alternative interpretations,
reaction mechanisms as well as numerous important biological

processed.* Because of the widespread applications of CT and a unique explanat|on_|§ difficult to justify. L
complexes, an understanding of the initial excitation and Onthe other_ hand, transition moment vector (.TMV) ‘?"rec“‘?”s
electron-transfer processes could have ramifications in areas?® VEry sensitive to changes in the electronic configurations

ranaina from the desian of photoelectric devices to photoaraphy &nd ground-state structure even when the transition energies are
andglitﬁograph)?*“ gnotp PROYOGTEPNY 512930 If the TMV directions could be measured, they may

Popular belief suggests that absorption of a photon in the reveal details about the absorbing species that are otherwise

CT band of the complex leads directly to ion-pair formation in hidden in the absorption spectrgm. ) )
accordance with the Mulliken two-state modé&t.” This belief ‘The measurement of TMV directions is generally accom-
has been brought into question in a series of papers where gPlished using linear dichroism spectroscopy on (partially)
rapid relaxation of an initially formed intermediate has been ©riented samples, and there are numerous examples of measure-
observed: 13 The formation of loose ion paifémultiple ground ments on single crystals or molecules dissolved in liquid-
and excited staté$§;18and 2:1 exciplexes and other relaxation ~Crystalline solvents, stretched-polymer samples, membranes and
processes have also been repotfe@ These findings indicate  Pilayers, or samples under the influence of electric fiéfS.
that the current belief may be severely oversimplified. The introduction of ultrafast lasers to spectroscopy has allowed
The rapid relaxation of the initially formed intermediate has Polarization-specific spectroscopic information to be obtained
been described as a delay in the formation of the charge-in Solution using time-resolved linear dichroism (TRLD)
separated statel® and as a relaxation from a Frane€ondon spectroscopy. The anisotropic nature of light apsorptlon is used
to a “relaxed” contact-radical ion pair (CRI®The difference [0 produce partially oriented samples of excited states by a
between these two descriptions is more than semantic. In theProcess known as photoselectfén* When isotropic solutions
first description, the relaxation and electron-transfer processes2'® irradiated with light linearly polarized along the laboratory
occur simultaneously, whereas in the second, the electron-Z @Xis, uniaxially oriented samples of excited states are
transfer precedes relaxation. These interpretations, and thus th@roduced. If such samples are subsequently probed with a
ramifications of either interpretation, have yet to be tested fully. S€cond beam of linearly polarized light of wavelengtiefore
In the following report, we will refer to the initial excited state € samples have time to reorient, the measured absorbances
as the FranckCondon (FC) intermediate and assume the obtained when the electric vector of the probe beam is parallel
relaxed state is a CRIP. (ODz)) compared to when it is perpendicular (QL) to the
laboratoryZ axis may be different. The ratio of the polarized

*To whom correspondence should be addressed. Phone: (410) 455-8bsorbances at wavelength at any time, is defined as the
2503. E-mail: barnold@umbc.edu. dichroic ratiod; = ODgzy)/ODyyy. It is convenient to describe
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uniaxial orientation in terms of orientation factors as opposed 10000 T T T T T
to other, perhaps better known, order paraméefei¥under the
assumption that the sample is made up of linear absorbers with
no overlapping transitions, the orientation factor for fitie
transition is obtained from the dichroic ratio using the expression
Ki = di/(d; + 2). The magnitude oK; reflects both the extent

of alignment of the sample and the angle between the initial
absorption TMV and the probe TMV within the molecular
frame. The degree of alignment of the sample is also reflected 10 ! ' : .
in the magnitude of the principal orientation factoks;, Ky, 300 350 400 450 500 550 600
andKz. Under the assumption that the bleaching of the ground
state is negligib_le, the principal origntation factors for linear Figure 1. Absorption spectrum of the HMB/TCNB complex obtained
absorbers are given by photoselection thedky: = 0.60 and by mixing stock solutions of acceptor and donor (ca< 2072 M) at

— Ko — 20,30 . i - _
Kx = Ky = 0.207*"Once the principal orientation factors are 5 c jn DCLE. The spectra of the unbound acceptor and donor were
established, eq 1 allows the absolute value of the angle betweersyptracted, assuming an association constant for complex formation

1000

€ (M'lcm“])

100

Wavelength (nm)

the excitation TMV and the probe TMV to be calculated. of Ker = 9.07 ML,
K automated control of the experiment through serial and general-
6] = tan z i 1) purpose interface bus (GPIB) interfaces in addition to data
K, — Ky storage and manipulation.

Solutions of TCNB and HMB (both IG M) were placed in

The information gleaned from these experiments can be useda quartz cuvette with 1,2-dichloroethane (DCLE) as the solvent.
to study molecular structure or solution dynamics and in the At these concentrations, the samples consisted mainly of 1:1
study of the topochemistry of molecular reactias is used complexes and 2:1 complex formation has been shown to be
in the present context, topochemistry is concerned with the negligible3® Ground-state absorption spectra were obtained
molecular movements required to convert reactants into productsusing a Beckman DU 640 UVvis spectrometer. For time-
and how this movement changes the position of the product in resolved measurements, the samples were stirred using a
space. As the reactant moves along a reaction coordinatemagnetic stirrer and 200 pulse pairs were averaged for each
internal and external (i.e., solvent) interactions dictate not only delay setting. The resultant time-resolved curves were fit using
the connectivity of the product but also its final orientation. a custom simplex computer routine to find the nonlinear least-
TRLD provides a partial description of the topochemistry which squares minimum of the error between a model function and
can be used to place restrictions on possible reactionthe observed data trace.
mechanismg%34-37 The calculation of structures and electronic properties of the

What is described below is an application of TRLD spec- complex followed standard procedures using HyperCHem
troscopy to the study of the hexamethybenzene (HMB)/1,2,4,5- release 5.0 on a 420 MHz IBM-compatible personal computer
tetracyanobenzene (TCNB) CT complex in solution. The angle equipped with a Pentium Il processor.
between the TMV directions for the ground- and excited-state  Materials. TCNB was purchased from Aldrich Chemical Co.
absorptions was determined experimentally and compared withand was purified by passing it through silica gel twice with
the angle expected on the basis of Mulliken two-state theory. dichloromethane as the elution solvent followed by recrystal-
The relative orientation of the ground-state complex to the CRIP lization twice from chloroform. HMB was purchased from
was resolved, and the topochemistry of the excited-state Aldrich Chemical Co. and purified by passing it through alumina

relaxation was examined. with DCLE as the elution solvent followed by recrystallization
' . from ethanol. DCLE used in the spectroscopic experiments was
Experimental Section purchased from Sigma as HPLC-grade and was used without

Methods. The picosecond pumpprobe apparatus used in ~ further purification.

these experiments has been described in detail elsetflaem:
will be described here only briefly. A Continuum PY61C Nd:
YAG laser was used to produce 1064 nm pulses of ca. 35 psin The ground-state absorption spectrum of the HMB/TCNB
duration. The fundamental was doubled and subsequently tripledcomplex, free from residual absorbance due to the unbound
to produce 355 nm pulses to be used to excite the sample.acceptor and donor, is shown in Figure 1. This spectrum was
Alternatively, excitation using 394 or 443 nm light was also obtained by mixing stock solutions of acceptor and donor
possible by scattering the 355 nm light through a 25 cm solution (ca. 2 x 102 M) at 25 °C in DCLE. The spectra of the
cell of cyclohexane and isolating the stimulated Raman emission.individual unbound acceptor and donor were then subtracted,
Continuum was produced by focusing the residual 1064 nm light assuming an association constant for complex formatid€-ef

into a 10 cm quartz cell containing a 1:1 mixture of@WH,0. =9.07 M14

The resultant continuum pulse was spatially filtered, collimated, Picosecond pumpprobe transient absorption spectra were
passed through a polarizer, and split into two beams, one of obtained at very short time delays~« 0 ps) and at relatively
which was used as a reference beam while the other passedong delays i~ 300 ps). The shape of the absorption spectrum
through the sample. Both reference and sample beams weredoes not change significantly within this time sc&eAn
coupled into separate legs of a bifurcated fiber-optic bundle and example of the transient spectrum obtained 100 ps after 355
dispersed using a spectrograph/monochromator. A dual diodenm excitation is shown in Figure 2. The band at 468 nm has
array was used to obtain transient spectra, and matched PMTbeen assigned previously to a TCNB radical anion produced
detectors were used for single-wavelength kinetic measurementswithin the laser pulsé:1042

The typical instrument response time was-3® ps, assuming The decay trace for the HMB/TCNB CT complex after
Gaussian profiles. An IBM-compatible computer allowed excitation with 355 nm light was recorded and is shown in

Results
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Figure 2. Picosecond pumpprobe transient absorption spectrum Time (ps)

obtained 100 ps after 355 nm excitation of the HMB/TCNB CT  rigyre 4. Top panel: Picosecond pumprobe transient absorption

complex. The band with a maximum at 468 nm has been assigned ygcay traces obtained using 355 nm excitation of the HMB/TCNB CT
previously to the TCNB radical anion produced within the laser pulse. complex and observed with 468 nm light polarized parallel (open
012 ' ' , ' ' ' . circles) and perpendicular (filled circles) to the excitation. The lines
: . show the best fit of the individual dichroic traces, assuming a single-
exponential decay component to the dichroism decay, in addition to
the parameters obtained by fitting the magic angle trace (Figure 3).
0.08 7 T Bottom panel: Plot of the orientation factor as a function of time
calculated using the above dichroic traces (open boxes). The solid line
indicates the fit of the orientation factor on the basis of the parameters
0.04 ~ . obtained from the fit of the individual traces above. The dashed line
N indicates & value of 0.333.

AOD

0 — addition to the parameters obtained from the magic angle data.
0 100 200 300 Thus, both dichroic traces were simultaneously fit using only
Time (ps) three adjustable parameters, i.e., a rate constant and two

Figure 3. Picosecond pumpprobe transient absorption decay trace preexponential factors. The rate constant obtained kyas=

obtained using 355 nm excitation of the HMB/TCNB CT complex and 133 x 1099 s, gnd the preexponential factors weke) =

observed at 468 nm polarized at the magic angle (filled circles). The —0.0364 (OD units) for the parallel trace aig; = 0.0181

line indicates the best fit of the observed trace using a single-exponential(OD units) for the perpendicular trace.

decay. Changing the excitation wavelength to 394 or 443 nm does
not affect the observed traces, nor does changing the probe

Figure 3. The excitation used was linear-polarized along the wavelength to 460 or 480 nm, because identical dichroism traces

laboratoryZ axis, and the probe beam was linearly polarized at were recorded in all cases.

54.7 with respect to the laborato&axis. Thus, this trace does

not contain dichroic information but is due to the formation Discussion

and decay of the ion pair convoluted with the instrument

response function. The rapid relaxation process for this complexip, the determination of one time constant and two preexponential

has been reported to be ca. 5 ps in acetonitfilEhis process  factors that describe the magnitude and time course of the

is much too rapid to be resolved by these experiments and neetyhserved dichroic effect. The time constant is related to the

not be included in the kinetic scheme. However, the effect of 5,erage molecular rotational diffusion rate constant as defined

relaxation on the alignment of the products relative to the by Debye-Stokes-Einstein diffusion theory® Accordingly, as

ground-state CT complex will be recorded in the observed {ne molecules rotate, the orientation factors of the principal axes
dichroism. The currently accepted model of the dynamics of st converge aky = Ky = K = 0.333 and the sample

photochemically produced ion pairs requires the ion-pair decay pecomes isotropic again. The value is also required to

to be fit to a two-exponential function with an offset. In an conyerge at 0.333, and it does, as can be observed in Figure 4.
effort to reduce the number of adjustable parameters, the magicrne experimental value of the time constant obtained by fitting
angle trace was analyzed as a single-exponential déceye the data issor = 75 + 15 ps. The theoretical value, assuming

results were as followsA; = 0.1377 (OD units)ks = 6.28 < gtick boundary conditions and assuming a spherical shape, can
10° s~ with an instrument response function of 35 ps, assuming pe predicted using eq'®

a Gaussian profile. The fitted line is also included in Figure 3.

Two additional decay traces were recorded and are shown in Tor = NMVIRT (2)
Figure 4. In the first trace (open circles), the probe beam was
linear-polarized along the laborataryaxis (i.e., parallel to the  Substitutingys as the viscosity of the solvent in poiséas the
excitation), and in the second (filled circles), the probe beam molar volume of the complex in milliliters per mol® as the
was polarized within the laboratory plane (i.e., perpendicular  gas constant in ergs per mole Kelvin, and the absolute
to the excitation). Except for the polarization of the probe beam, temperature T) gives 7or in units of seconds. Numerical
all three traces (Figures 3 and 4) were collected under identical evaluation ofror for the HMB/TCNB complex results in a value
conditions. The shape of the traces shown in Figure 4 is due toof about 90 ps in DCLE at room temperature. The agreement
a composite of the ion-pair decay and the randomizing rotations between the observed and calculated rotation time constants
of the ion pairs in solution superimposed on the instrument suggests that the eventual loss of orientation is due to random
response profile of the laser system. The dichroic traces wererotational motion of the complex. This finding is in contrast to
fit, assuming a single-exponential anisotropy component in the tetracyanoethylene/pyrene CT complex, where a directed

TRLD. The fitting of the traces shown in Figure 4 resulted
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topochemical randomization due to the interconversion between orientation axis (Z-axis)
different ion-pair structures has been obserifed. Figure 5. Calculated minimum energy geometry of the ground-state

The preexponential factors allow the initial dichroism of the HMB/TCNB CT complex (ab initio HF/321G*) with the proposed
CRIP to be calculated. In this cagk,= 0.650+ 0.01 for the ground-state TMV fcr-c) and relaxed TMV grcne-) directions. The
HMB/TCNB complex and an orientation factor Kf = 0.245 angle depicted igrc.
results. Using eq 1, the average angle between the ground-state

CT transition moment and the TCNB radical anion transition 2/0ng thezaxis by between 0.33 and 0.38 A in each case. Very

moment, after relaxation, can be calculatétdgp = 70 + 4°. little offset in they direction was predicted by any of the
This ang,]Ie corresponds to the angle between the CT grouno|_calculations. The major difference among the calculations was
state TMV and the TCNB radical anion absorption TN¥er the magnitude of the separation between the two ring systems

relaxation of the excited complex. with values of 3.52 (MM), 4.94 (AM1), and 3.98 A (ab initio).

At this point, we have no information about how this angle The calculated structures also agreed qualitatively with the
relates to the molecular frame nor can we describe the effectPublished crystal structufé.in accordance with the crystal
the relaxation process has on the overall orientation of the Structure, the TCNB/HMB planes were also nearly parallel and

sample. These topics will be addressed in the remaining separated by 3.54 A. A significant difference between the crystal
discussion, which is organized as follows. We must first define and calculated structures concerns the magnitude of the observed

the set of axis systems used to describe the relative orientationfS€ts. In the crystal structure, the HMB was offset along the
of the acceptor and donor. This is followed by a description of Z axiS by 0.91 A, significantly larger than predicted by the
the structure of the ground-state complex and the prediction of c@lculations. An offset in thg direction and rotation of the

the relevant TMV directions on theoretical considerations, HMB to a lower symmetry geometry were also observed in the

Finally, the TRLD results are discussed in terms of the geometry Crystal structure but not predicted by the calculations.
of the CRIP relative to the starting CT complex and the .There is no a priori reason to believe that thg crysta] structure
relaxation of the excited state. will be more accurate than the calculations in predicting the
Defining the Axis SystemsTwo different axis systems are complex structure in soIL_Jti_on. The i_nfluence of crystal-pac_king
used in the description of these results. The first axis system f0rc€s may not be negligible, particularly for these relatively
describes the orientation of the sample within the laboratory Weak complexes. Nevertheless, the fact that all of the structures
frame of reference. For this purpose, mutually orthogonal axes &€ qualitatively similar does suggest that thgy collec’u_vely deplct
were depicted using uppercase lettér&, andZ. The photons a reason_able geometry of this complex in a noninteracting
used to excite the sample were linearly polarized with their Solvent like DCLE. Consequently, we chose not to adopt a
electric vectors oriented parallel to the laborat@maxis, and ~ SPecific structure for the CT complex geometry. Instead we
the direction of propagation was used to defineXrexis. The ~ allow the offset in thez direction to vary between 0.35 and
probe pulse propagated in thé plane, at a small angle with 0.90 A, the offset in the direction to vary between 0 and 0.7
respect to th& axis, but its polarization direction was adjustable A, and the separation between theplanes to vary between
between the limits of being along tie axis (parallel to the 3.5 and 4.0 A. Rotation of the HMB with respect to the TCNB

excitation) or in thexY plane (perpendicular to the excitation). X @Xis can be shown to be inconsequertfaThus, the HMB
A second set of axes is needed to describe the molecularcenter of mass is expected to fall within the rectangle defined

configurations of the donor and acceptor within the complex. PY @ diagonal between the points (4.0, 0, 0.35) and (3.5, 0.7,
Lowercase letters, y, andz were used for this purpose. The 0.9). All _pOSS|bI_e or|entat|ons_of t_he HMB within thl_s cu_be will
origin was defined as the center of mass of TCNB, and the axesPe considered in the determination of the TMV directions.

were defined as shown in Chart 1. The position of HMB within €T Complex TMV.. Mulliken theory gives insight ir71to the
the ground-state complex was then determined relative to thePOSsible TMV direction for the ground-state compfex’ The

TCNB center of mass. two-state wave functions are usually depicted as follows:
Structure of the CT Complex. For insight into the structure

of these weakly bound complexes, we turn to simple calculations Wo=a(Wyp) + b(Wap+) 3)

and to crystallographic studies. Molecular mechanics @M . .

semiempirical (AM1), and ab initio (HF/321G*) methods were Were= a(Waps) = D (Wyp) (4)

all used to predict the ground-state complex geometry. The

calculated minimum energy structure of the CT complex whereWsandWcre are the wave functions for the ground state
according to ab initio calculations is shown in Figure 5. All and CT excited state of the complex, respectively, 8
three calculations qualitatively agreed with the structure as and Wa—p+ are the wave functions depicting the nonbonded
shown. Ther planes of TCNB and HMB were predicted to be interactions within the complex and the ion-pair state, respec-
nearly parallel in all cases. The HMB center of mass was offset tively. Using these wave functions, the transition dipole for each
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of the CT transitions may be evaluated using quantum theory
and is given b§5>7

Her-6 = _eflpCTZrilpG dr = a*b(u; — uo) +
|
(@& — bl*)(uo; — eSer-6) ()

whereu, andug are the dipole moments of the nonbonded and
ion-pair states, respectively, an@, is the transition dipole
between them. The terf&1—c is shorthand notation for the
overlap integral between the ground- and excited-state wave
functions, and the coefficients a*, b, andb* are as defined
above.

There are two experimental observations that justify the use
of these simplified wave functions. Specifically, a detailed
analysis of the absorption spectrum of the HMB/TCNB complex
has shown that the localized excited states do not contribute
significantly to the CT absorptio#?. The second observation is
that excitation into several CT absorption bands leads to identical
dichroic traces. The only reasonable explanation for this finding
is that localized excitation (LE) intensity borrowing is negligible
because it is unlikely that the LE would mix equally into several

ignored, and the transitions in question are purely CT in nature.
Multiple acceptor and donor ion-pair states must be included
in the model to account for the appearance of multiple CT
absorption bandd33947480n the bright side, the energies of
the molecular orbitals do not seem to change significantly
because of complex formation. The observed maxima for the
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CT states. Thus, the interaction of localized states can be safelyrigure 6. Calculated molecular orbital diagrams for the HMB/TCNB

complex SHOMO, HOMO, LUMO, and SLUMO looking down the
molecularx axis with HMB on top.

all of the CT TMV (ucr—g) Will be directed from the center of
mass of HMB to the center of mass of TCNB. As mentioned
above, excitation at 355, 393, or 443 nm must excite several of

two absorption bands at ca. 345 and 425 nm correspond closelythe possible CT transitions to differing extents. At all three of

to the energy difference between the lowest unoccupied mo-
lecular orbital (LUMO) and the second-lowest unoccupied

molecular orbital (SLUMO) of TCNB? In addition, HMB has

a degenerate set of highest occupied molecular orbitals
(HOMOs). Perturbation due to complex formation should break

these excitation wavelengths, identical dichroic traces were
recorded. The only reasonable explanation for this observation
is that all of the CT TMV are parallel.

It is possible to pin the molecular frame onto the principal
orientation axis now that the ground-state TMV direction is

this degeneracy, although perhaps not significantly. Hence, thereknown. In this case, the unique uniaxial axis, the principal
are at least four MOs that must be considered, i.e., the secondorientationZ axis, and the ground-state transition moment all

highest occupied molecular orbital (SHOMO), the HOMO, the
LUMO, and the SLUMO of the complex. These orbitals are
depicted in Figure 6, and they are readily identified as
predominantly belonging to HMB (SHOMO and HOMO) and
TCNB (LUMO and SLUMO) moieties. In each case, the
calculated electron density on the adjoining (bare) ring system
is small, although not zero, which is consistent with relatively
weak transitions and low oscillator strengths.

It is convenient to use these molecular orbitals, depicted in
Figure 6, as approximate wave functions in evaluating the
transition-moment directions. The first term in eq 5 can be
evaluated on the basis of the removal of an electron from the
specified orbital of the donor and the placing of it into the
specified orbital of the acceptor. Thereforg,— uo ~ €(rp —
ra-), whererp is the average position of the electron on HMB
before transfer is initiated andh- is the average position of
the electron that resides on TCNB after the transfer is complete.
The second term in eq 5 can be evaluated similarly such that
o1 — toct-6 ~ €Sr-c(rp — rap-), wherer ap- is the average
position of the electron within the overlap region between TCNB

correspond to the vector connecting the center of mass of HVIB
to the center of mass of TCNB. This is shown in Figure 5.

TCNB Radical Anion TMV . After excitation, the CT com-
plex rapidly relaxes to a state characterized by an intense absorp-
tion due to the TCNB radical anidit1942The transition at 468
nm is ofr—x* character, and the transition moment is required
by symmetry to be in the plane of the TCNB aromatic rffig.
ZINDOJS calculations on the AM1-optimized geometry show
that this transition dipole¢rcns-, is directed along the molecular
z axis. This TMV direction is also included in Figure 5.

It is now a relatively simple matter to calculate the angle
between the CT ground-state TMV and the TCNB radical anion
absorption TMVbeforethe relaxation of the FC staté When
the expected directions Qfct-c and urcng~ are taken into
account, this angle falls between 76 and & the entire range
of possible geometries. Thugsc = 80 + 4°. After relaxation,
this angle isOcrip = 70 &+ 4°, on the basis of the measured
value as determined above. Thus, there appears to a difference
between the two angles because of relaxation.

Are these angles really different given the uncertainty in the

and HMB. For centrosymmetric donors and acceptors such asground-state geometry? If the angle in the ground-state geometry

HMB and TCNB, in the limit of small interaction energies, both
terms in eq 5 amount to dipole moments directed between the
centers of mass of the individual donor and acceptor molecules.
This conclusion applies to the transition moments for all CT
transitions for this complex regardless of the identity of the
specific orbitals whose occupancy is changing. In other words,

was actually 70, the offset along the axis required approaches
1.3 A, assuming a 3.6 A separation. This offset is significantly
larger than that observed in the crystal structure and 4 times
larger than that which the calculations predict. Considerably
less than half of the aromatic ring systems could overlap
effectively if the offset was this large. Even given the uncertainty
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in the ground-state geometry, a 1.3 A offset seems unreasonabletions, that are accompanied by a geometric change cannot be
We are left to conclude that the relaxation process does causeauled out. Furthermore, not all geometry changes will result in
a change in the observed angle. an observed topochemical increment. Specifically, only the

Topochemical Analysis.Recall that an isotropic solution ~ Vvector components of the molecular motions perpendicular to
irradiated with light that is linearly polarized along the laboratory the orientation axis (the ground-state TMV and #haxis) will
Z axis produces a uniaxially oriented sample of excited states Produce an observable topochemical change. Motion along the
by pho’[ose|ection. |mmed|ate|y fo”owing excitation, thaxis orientation axis or rotation around this axis cannot be assessed.
in the laboratory frame, the unique orientation axis within the Nevertheless, it does appear that a geometry change is associated
molecular frame, and the average direction of the TMV With the relaxation process.
responsible for absorbing the photon, in this case g, all )
coincide. As the relaxation that converts the FC into the CRIP Conclusions

progresses, the average position of the molecular frame with  The application of TRLD spectroscopy to the study of the

respect to the orientation axis (and the labora@®xis) may  rapid relaxation process of the excited HMB/TCNB CT

change. The new position of the molecular frame can be relatedcomplexes has been presented. The observed dichroism is used

to the previous position by a sequence of successive rotationsto determine the angle between the ground-state CT transition

as is defined by Euler angles. For uniaxially oriented samples, moment and the product, TCNB radical anion, absorption

such as those of interest to the present discussion, all physicaimoment after the relaxation is complete. This angle is compared

rotations that cause a significant change in the orientation of with the expected angle on the basis of a calculated ground-

the sample, on average, can be defined in terms of a rotationstate structure and the transition moments predicted by theory.

through a single angle. We define this angle as the topochemicalThe difference between the measured and predicted angles is

angle, and the rotation is described as causing a topochemicakonsistent with a geometry change after excitation. It was further

increment to the observed orientation. suggested that the ion pair adopts a symmetrical configuration
If all molecules follow a single reaction path, knowledge of after relaxation from an initial offset geometry. The TRLD

this path is sufficient to determine the topochemical angle. If results are compatible with these assumed geometries and with

multiple paths are possible, a weighted average of the resultantthe relatively small geometry change required to interconvert

angles must be assumed. The information that can be obtainedhem.

from these experiments is incomplete and will only partially

define the topochemistry. They reveal nothing about the number ~ Acknowledgment. The authors are grateful for the support
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