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The molecular structure of free bis(trifluoromethyl) peroxydicarbonate;OCFO)O-OC(O)OCHE, was
investigated by the concerted use of gas electron diffraction and theoretical calculations of various quantities
(geometry, energy, vibrational frequenci€® NMR chemical shifts). This combined approach justified the
assumption that the syrsyn—syn—syn structure withC, overall symmetry (both Gfgroups synperiplanar

to the respective €0 bonds and both €0 bonds synperiplanar to the-@ bond) is the only observable
conformer in the vapor of the title compound. The molecule possesses a skew structure with a dihedral angle
of 7(C—0—0—C) = 87.1(21}. This narrow angle and the short-@ bond, 1.403(19) A, are reproduced
satisfactorily by a DFT method.

Introduction peroxynitrates that contain the carbonyl group, e€<0O—0X)

q = 90°. For difluoroperoxidé a dihedral angle of 88.1(%)vas
derived from a joint analysis of GED data and rotational
constants. The gauche orientation of the fluorine atoms was
qualitatively ascribed to the anomeric effécthe molecular
structures of bis(fluorocarbonyl) peroxi@l&C(O)OOC(O)F, and

| bis(trifluoroacetyl) peroxidé? CFC(O)OOC(O)CE, revealed

fhe CO-0C dihedral angle to be 83.5(24and 86.5(32),
respectively. For the last two compounds only the-sgyn

Peroxides of the general formula XOOY have attracte
considerable interest in chemistry for a long period of time.
Some of them have been found to play an important role in the
chemistry of the atmosphere, in particular those with=X
FC(O), CR, CH;C(O), CRC(0O) and Y= NO,. With respect
to such importance of this class of compounds, their structura
studies have been undertaken. Thus, the molecular structure o
fluorocarbonyl peroxynitrate, FC(OYadONO, was determined i .
by gas-phase electron diffraction (GED) and ab initio calcula- conformation (both €0 bonds synperiplanar to the-® bond)
tions! The other components comprising photochemical smog, was observed.
acetyl peroxynitrate, C¥C(O)O—ONO,, and trifluoroacetyl In the context of computational examinations of peroxides,
peroxynitrate CEC(O)O—ONO,, were also investigated in the ~ various types of calculations were applied to difluoroperoxide
gaseous phageThe most interesting feature in the structures by Scuseria in order to reproduce the corresponding experi-

of peroxides in general is the dihedral angieXO—OY). mental data with high accuraéy This system is small enough
Interestingly, this parameter was determined to be smaller thanto utilize a coupled cluster or quadratic Cl calculation and the
90 for the above three peroxides [86.2(1484.7(13}, and efficacy of such extensive computations was unambiguously
85.8(29, respectively]. In contrast; (XO—QY) in a further demonstrated. In contrast, the MP2 approximation with standard
atmospheric peroxide, GB—ONO;, is larger than 99 i.e., basis sets does not reproduce the experimental structure in this

105.1(163, as determined by GEBIn summary, the torsional ~ case. On the other hand, a three-hybrid functional, B3LYP, with
angle of interest in the four peroxynitrates tends to be smaller 6-31+-G* and 6-311-G* basis sets proved to perform as well
than the effective value for the parent compound HOOH as the CCSD calculations. Similarly, the MP2 calculations on
[120.0(5¥].4 However, in the majority of peroxides so far CH:C(O)OONQG and CRC(O)OONG deviate from the cor-
studied in which X= Y, the XO—0OX dihedral angle exceeds responding electron diffraction and BSPW91/6-313* geom-

the value reported for HOOH. For example, in the gas phase, etries, mainly by underestimating the €0C dihedral angle.
this angle amounts to 123¢4and 135(5) for CFsOOCK? and The same trend was observed forgCED)OOC(O)CE where
CH3;00CH;,° respectively. Some peroxides of the XOOX type, the DFT calculations turned out to be superior to those carried
such as FOOF, do not meet these observations and exhibit quiteout at a correlated level (MP2). Very recently, a further peroxide
unusual structures in the same manner as noticed in the abovesontaining only O, C, and F, GBC(O)OOC(O)OCE;, was
synthesized? This novel peroxide promised to be an interesting
* Corresponding author. E-mail: heinz.oberhammer@uni-tuebingen.de. target to be tackled. To get a deeper insight into the structural
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Universidad Nacional de Cordoba. . . .
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SCHEME 1

peroxides and carbonates. The combined method of GED
together with ab initio and DFT calculations of geometries,
vibrational frequencies, anéfC NMR chemical shifts was
employed.

Results and Discussion

Selection of the ConformersFor the purpose of the selection
of the possible conformers that might constitute the vapdr, of
quantum chemical calculations were performed using the
Gaussian9¥ (in Prague) and Gaussiari98(in Tubingen)
program packages. Th& symmetry derived for the syrsyn
conformer of CEC(O)OOC(O)CE prompted us to assume the
same point group fot. Note that there are four-©C(O) bonds
in 1 (Scheme 1, for atomic numbering see also Figure 3). The
conformer shown in Scheme 1, in which both terminaHZ2
and O3-C2 bonds are synperiplanar to the=O bonds and
both C=0 bonds are synperiplanar to the centrat@ bond
and which possessé3-symmetry, is denoted as sysyn—
syn—syn, la. At first, a relaxedpotential-energy surface scan
of the C1-01—-01-C1 dihedral angle (Scheme 1) of this most
probable form was performed in a region of dihedral angles
0—18C at the RHF/6-311G* level, with an increment of 10
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Figure 1. Results of the relaxed potential energy scan of the-C1
01-01—C12 dihedral angle.

C, to Cy. Hence, 180instead 0f—4.6° [1(01—01-C1-02)]

and —2.2° [7(02—C1-03—C2)] for 1b and 1c, respectively,
served as an initial value in both optimizations. Similarly, a
second derivative analysis at the same level reveatednd
1cto be minima on the respective potential energy hypersurface.
Final optimizations ofLtb and 1c were performed at B3LYP/
6-31G* for the reasons outlined above. The dihedral angles of
interest together with(O1—01') and relative energies fdra,

1b, and1c are summarized in Table 1.

According to the IR Ar-matrix spectra df, there are only
two characteristic &0 stretching vibrations at 1884 and 1857
cm~11216The calculated values at B3LYP/6-31G* (after scaling
by 0.9613¥7 for 1a, 1869 and 1842 cri, show good agreement
with the experimental frequencies, and the experimental fre-
quency difference of 27 cm is reproduced exactly by the

These calculations revealed the minimum to be at an angle ofcalculation. If the gas was heated to 450 K before deposition

90° (Figure 1). Final optimizations included also this angle and
were performed at various levels of theory (RHF, MP2, B3LYP)
with different basis sets (6-31G*, 6-31G*). Frequency
calculations (RHF/6-3:tG*, B3LYP/6-31G*) determined the
nature of the stationary point. The form with an overall
symmetry ofC, was characterized by no imaginary frequency
(NIMAG =0). As pointed out for FC(O)OOC(O)F and &I~
(O)OOC(O)CE, the presence of two ©C(O) bonds in these
compounds requires considering other conformers with lower
symmetry. In1, the four torsional angles GZ1-03—-C2,
01'-01-C1-02, 01-01-CI-02, and 02—C1—-03—

in the argon matrix, two additiona(CO) bands were observed
at 1895 and 1867 cm.1® These might be assigned to either of
the two additional isomers considered. On the basis of the
estimated ratio 8:11@1b or 1c) for the high-temperature
sample, the population of eith&b or 1cwould be about 3% at
room temperature. The calculatee=O-stretching frequencies
(B3LYP/6-31G*, scale factor 0.9613) are 1850 and 1846tm
for 1b and 1879 and 1848 cm for 1c. The experimental
frequency difference of 28 cm is much closer to the corre-
sponding theoretical value of the antiyn—syn—syn conformer
1c (31 cn1?) than to that for the synanti—syn—syn conformer

C2 (Scheme 1), each of which can assume synperiplanar (syn)1b (4 cn1), but an unambiguous assignment of these two bands

or antiperiplanar (anti) orientations, result in 16 possible forms.
As mentioned in the Introduction, only the syn orientation of
the C=0 bond with respect to ©0 was observed in peroxides
containing carbonyl groups32-1°Furthermore, gas-phase stud-
ies of compounds containing the §C(0) moiety such as GF
OC(0O)FP*® and (CRO),CO'® revealed that in these compounds
the syn orientation of the GFEroups with respect to the=€0

to eitherlb or 1cis not possible based solely on the vibrational
spectra. The predicted relative energy (B3LYP/6-31G*) of the
1cform (2.78 kcal/mol) is higher than that ab (1.45 kcal/
mol). The!3C NMR spectra ofl were recorded at30 °C and
only two signals were detected and unambiguously assifned.
If the population of anyC;-symmetrical isomer were significant,
this could only be observed at lower temperatures, sinee3at

double bond is strongly favored. Consequently, these observa-°C the exchange between these conformers (rotation around

tions further support the idea that the all syn arrangeméais,
are preferred irl. Only such additional forms were examined
that contain only one anti arrangement, i.e., sgnti—syn—

syn, 1b, and anti-syn—syn—syn, 1c, both of them having
multiplicity 2. The optimizations of these two alternatives started
again at RHF/6-311G*, laproviding the starting value of 41
variables computed at the same level with the exception of the
torsional angle which is responsible for reducing symmetry from

C—0 bonds) is expected to occur at a rate that is fast on the
NMR time scale. The computédC NMR chemical spectra for

1b and 1c at a SCF level using the GIAO (gauge-invariant
atomic orbitals) method incorporated in the Gaussian, with a Il
Huzinaga basis s€t (well-designed for magnetic properties
calculations), exhibit four signals although the splitting of the
d0(C1,C1) andd(C2,C2) doublets, measured and calculated for
la, into 6(C1), 6(C1) and6(C2), 6(CL) are quite small (see
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TABLE 1: Dihedral Angles (deg), r(01—01') (A), and Relative EnergiesAE (kcal/mol) for 1a, 1b, and 1c of

CF30C(0)00C(0)OCF4?
la
syn
7(02C103C2) 1(OT01C102) 7(Ol0ICI02) ¢(02CLO3C2) r(01-0) ¢(Cl010ICY)  AE
RHF/6-31G* —2.2 —4.6 —4.6 —2.2 1.357 90.7
MP2/6-31G* —-1.8 -3.9 -3.9 —-1.8 1.446 82.5
MP2/6-31H-G* —2.0 —4.0 —4.0 —2.0 1.427 83.5
B3LYP/6-31G* —-2.0 —4.9 —4.9 —-2.0 1.428 87.8 0.00
1b
syn anti syn
7(02C103C2) 7(OY01C102) (O10ICIOZ) ¢(O2CLO3C2) r(01-01) 7(ClO10ICI) AE
B3LYP/6-31G* 0.8 176.3 —8.8 -3.1 1.443 89.5 1.45
1c
anti syn
7(02C103C2) 7(OTOIC102) ¢(0101CI0Z) ¢(O2CLO3C2) r(O1-01) 7(ClOl0ICI) AE
B3LYP/6-31G* 174.4 —5.7 —4.0 -1.2 1.429 87.4 2.78

aFor atom numbering see Scheme 1.

TABLE 2: GIAO-SCF Results for 1a, 1b, and 1c of
CF;0C(0)O0C(0)OCF;

0(**C).* ppm
level of theory/basis set// geometry  C1 'Cl C2 c2
la
GIAO-SCH/Il/IB3LYP/6-31G* 153.3 153.3 113.2 113.2
GIAO-SCF/II//B3LYP/6-311#-G* 153.8 153.8 113.0 113.0
GIAO-SCH/Il/IMP2(fc)/6-31G* 155.6 155.6 113.6 113.6
GIAO-SCF/I/IMP2(fc)/6-31#+G*  152.8 152.8 112.0 112.0
GIAO-SCH/II/IGED 149.7 149.7 119.9 199.9
1b
GIAO-SCF/II//IB3LYP/6-31G* 1511 153.8 113.3 113.2
1c
GIAO-SCF/II//B3LYP/6-31G* 149.5 1529 1129 1132
exptl (CDCKCFCL)° 145.7 1457 119.9 1199

aRelative to Si(CH),. ® From ref 12.

Table 2). In conclusion, all theoretical calculations and the IR
Ar-matrix spectra provide a good basis for assuming that in
the gas phase of the conformerla is predominant with a
possible very small contribution dfb or 1¢, which would not

be observable in the GED experiment.

Molecular Model and Refinement of the Structure. The
overall symmetry of the synasyn—syn—syn form of bis-
(trifluoromethyl) peroxydicarbonate, G8C(O)OOC(O)OCE;
was thus adopted to &, as revealed by the concerted use of
several theoretical and experimental approaches given above.
With this fact, the structure ofl was described with 17
independent geometrical parametgisto pi7 (see Table 3).
These included two mean bond lengths, two actual bond lengths,
one mean bond angle, four actual bond angles, four dihedral
angles, and three bond length differences. To complete the
molecular description, the loc@g axes of the Cggroups were
allowed to deviate from the direction of the ©82 and 03—

C2 bonds by a tilt angle. The parameters derived at various
theoretical levels are also shown in Table 3 for comparison.
Refinements were performed by least-squares fitting of the
molecular intensities (Figure 2). The intensities were modified
with a diagonal weight matrix, and known scattering factors
were used? The number of refined parameters was gradually
increased, until eventually 11 geometrical parameters were
included in the refinement scheme. Those parameters that could
not be refined (e.gpi1 tends to be too large, 19F)lwere set

TABLE 3: Molecular Parameters (r/A or O/deg) of CROC(0O)OOC(O)OCF; (Conformer 1a, C; Symmetry)

parameter definition GED RHF/Xn MP2/Y MP2/Xh B3LYP/Y!  B3LYP/X"
pL [[(C2—F1)+ 2 x r(C2—F2)]/3 1.317(3) 1.299 1.331 1.324 1.329 1.329
P2 [r(C2—03) + r(C1-03) + r(C1-01))/3 1.370(5) 1.345 1.380 1.374 1.380 1.376
Ps r(C1-02) 1.177(4) 1.160 1.197 1.188 1.187 1.181
Pa r(01-01) 1.403(19) 1.357 1.446 1.427 1.428 1.424
Ps 0(03—C2—F)mean 109.3(4) 109.7 109.5 109.6 109.4 109.7
Ps J(C1-03-C2) 117.3(14) 119.9 116.1 116.5 117.5 118.5
P 0(01-C1-03) 102.2(5) 104.5 102.2 102.4 103.0 102.8
Ps J(01-C1-02) 127.4(22) 127.0 128.2 128.0 127.7 127.8
Po 0(01-01-C1) 110.2(13) 111.4 107.6 108.2 108.8 109.3
Po 0(CFs—03 tilt)° 3.6 3.4 3.7 3.7 3.7 3.6
Pi1 7(C1-03—-C2—F1y -179.% -179.5 -179.5 -179.3 -179.8 -179.5
P12 7(02—-C1-03-C2y -3.00 —2.2 —-1.8 —-2.0 —-2.0 —-3.0
[ 7(01—01-C1-02) ~7.8(42) —4.6 -3.9 —4.0 -4.9 -5.6
P 7(C1-01-01—C1)9 87.1(27) 90.7 82.5 83.5 87.8 90.6
Pis r(C2—F1) — r(C2-F2) ~0.00% —-0.003  -0.005  —0.006 —0.005 ~0.005
P16 r(C2—03) — r(C1-03) 0.03% 0.037 0.030 0.029 0.037 0.031
P17 r(C2—03) — r(C1-01) 0.014 0.002 0.012 0.012 0.017 0.014

ar, values, uncertainties ares3/alues. For atom numbering see Scheme 1 and Figut€&iged at the B3LYP/6-31+G* value. ¢ Tilt angle
between theC; axes of the Ckgroups and the direction of the-€C bonds away from the<€0 bond.? Taken to be negative for counterclockwise
rotations of the Cggroup when viewing from O3 to C2.Taken to be negative for counterclockwise rotations of the {@3F; group when
viewing from C1 to O3/ Taken to be negative for counterclockwise rotations of the {@3C103C2g fragment when viewing from O1 to C1.
9 Taken to be positive for counterclockwise rotations of the'Yf@®102C103C2ffragment when viewing from Olto O1."6-3114+G*. | 6-

31G*.
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Figure 2. Experimental (dots) and calculated (full line) moloecular
intensities and differences fdr.

TABLE 4: Interatomic Distances and Experimental and
Calculated (B3LYP/6-31G*) Vibrational Amplitudes for
CF;0C(0)0O0C(0)OCF

atom pair distance ampl (GED) ampl (B3LYP)
C=0 1.177 0.037 0.037
C2-F1 1.314 0.04% 0.045
C2-F2 1.319 0.045 0.045
C1-03 1.354 0.04% 0.046
C1-01 1.372 0.048 0.048
C2-03 1.384 0.049 0.049
01-01 1.403 0.048 0.048
01---03 2.122 0.057(4) I1 0.058
03---F1 2.151 0.057(4) I1 0.058
FeF 2.152-2.156 0.057(4) I1 0.057
C---C 2.338 0.063 0.063
O---Xxd 2.229-2.299 0.05% 0.057
o1r-.-02  2.602 0.092 0.092
C---Ye 2.767-2.944 0.115 0.11%
O---Ye 2.851-3.331 0.150(27) I, 0.213
01--03 3.396 0.072(8) I3 0.062
C---Zf 3.416-3.435 0.072(8) I3 0.063
O---Y® 3.940-4.247 0.132(16) 4 0.156
O---Ye 4.591-5.240 0.255(46) Is 0.27F
C---Xd 5.126-5.220 0.255(46) s 0.240
O---F 5.546-6.000 0.302 0.302
F---Ye 6.040-7.352 0.249(8) le 0.295%
F---Xxd 7.747-9.412 0.368 0.366

aValues in A, uncertainties are3salues. For atom numbering see
Scheme 1 or Figure 3.Fixed at the B3LYP/6-31G* valu¢€.Meam
values are given for the amplitudes that are not uni§ue= F or C.
eY =F,C,orO0.fZ=ForO.

to the corresponding B3LYP/6-311* values. In the final stage
six amplitudes of vibrations or tied groups were refined

simultaneously (Table 4) with these 11 geometrical parameters.

Although I, is correlated withps and pg rather strongly
(correlation coefficients are 0.87 and 0.81, respectively), fixing
this vibrational parameter leads to a small valugf(close

to the two MP2 values that were shown to be too small in similar
compounds) complemented by openingpef The fit became
worse under this refinement condition. Amplitudes that were
not refined were fixed at values calculated with the program
ASYM40,20 using a B3LYP/6-31G* force field. The following
additional correlation coefficients had values larger tHa:
p]_/pz = —0.89,p2/p4 = —0.85,p6/p8 = —0.95,p8/p9 = —0.86,
andpy/I; = —0.79. Radial distribution curves were obtained by
Fourier transformation of the molecular intensities (Figure 3).
The experimental radial distribution curve is relatively rich in
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Figure 3. Experimental radial distribution function and difference curve
for 1. The positions of important interatomic distances are shown by
vertical bars. Molecular model df in the optimum refinement of the
electron diffraction data constrained by some B3LYP/6-BGT
differences also showing the atomic numbering of the most predominant
conformerla

structural information, each feature encompassing several
contributions. No problems were encountered fitting the peaks
due to nonbonded distances that depend on the@@t0O1 —

C1 dihedral anglepis. The success of the analysis may be
gauged on the basis of the difference between the experimental
and calculated radial distribution curve (Figure 3). Figure 2
offers a similar comparison between the experimental and
calculated molecular scattering curves. The agreement factors
for intensities of the long and short nozzle-to-plate distances
wereRso = 2.2% andRxs = 4.9%. The final results of the GED
refinement are summarized together with the calculated values
in Tables 3 and 4. If fixed geometric parameters were varied
within the range of the various computational methods, refined
parameters changed by less than the respective standard devia-
tions. Thus, the uncertainties given in Tables 3 and 4, which
are ¥ values are reasonable estimates of the error limits.

Conclusions

The most striking features in the structural chemistry of
peroxides, XOOY, are the -©0 bond length and the Xe0Y
dihedral angle. All other geometric parameters are of minor
interest, and their values are close to those in related molecules.
As mentioned in the Introduction, the experimentally established
XO—QY dihedral angles are subject to a considerable variation,
their effective values ranging from 81¢1)determined for
CIOOCI2! to 166(3), determined for (Cg3COOC(CH)z.22
It has been shown how sensitive calculated values for these two
parameters are toward the computational methods. On one hand,
with the exceptions of these two parameters of interest, the
structuresla obtained by the B3LYP and MP2 methods do not
differ appreciably. On the other hand, inspection of Table 3
demonstrates that only the DFT method reproduces th© O
bond distance gy) and the CG-OC dihedral angle pi4)
correctly.1 thus expands the family of peroxides in which the
XO—O0Y dihedral angle is smaller than 9@87.1(27)), an
inherent phenomenon noticed in peroxides with twa- sp
hybridized substituents?910|n the present case, C1 and'C1
are sp3%hybridized, as revealed by a natural bond orbital
(NBO) analysig? carried out at B3LYP/6-31:LG* with geom-
etry optimized at the same level. Whereas the RHF/6+331
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and experimental geometry of compouhd A.; Montgomery, J. A.; Raghavachari, K.; Al-Laham, M. A.; Zahrzewski,

i _ * _ V. G.; Ortiz, J. V.; Foresman, J. B.; Cioslowski, J.; Stefanov, B. B.;
A comparison between calculated (B3LYP/6-31G*) geom Nanayakkra. A : Challacombe. M.: Peng, C. Y.: Ayaia, P. Y. Chen, Y -

etries of the nonfluorinated counterpart &»C(0)0-0C(O)- Wong, M. W.; Andres, J. L.; Replogle, E. S.; Gomprets, R.; Martin, R. L.;
OCHs with those ofl demonstrates that fluorination has a minor Fox, D. J.; Binkley, J. S.; Defrees, D. J.; Baker, L.; Stewart, J. P.; Head-

effect on the geometry of the peroxide skeleton. The central IGOFdOPn,’ttMt-)? G%”Z;"Ae&lgégpopleyJ-GaUSSia”%REViSiO” B.2; Gaussian
- . . . nc.: Pittsburgn, , .
O—0 bond is predicted to be equal (1.428 A) in both compounds (14) Frisch, M. J.; Trucks, G. W.: Schlegel, H. B.; Scuseria, G. E.. Robb,

and the O+C1 bond length (1.381 A vs 1.384 &), 0101— M. A.; Cheeseman, J. R.; Zahrzewski, V. G.; Montgomery, J. A.; Stratmann,
C1 angle (109.2vs 108.8), and C-O—0O—C dihedral angle R. E.; Burant, J. C.; Dapprich, S.; Millam, J. M.; Daniels, A. D.; Kudin, K.

; oot g N.; Strain, M. C.; Farkas, O.; Tomasi, J.; Barone, V.; Cossi, M.; Cammi,
(85.5 vs 87.8) change only slightly upon fluorination. A similar R Mennucci. B.: Pomelli. C.. Adamo. C.- Clifford. S.: Ochterski, J.:

result has been observed for acetylperoxynitrate;@B)O— Petersson, G. A.; Ayala, P. Y.; Cui, Q.; Morokuma, K.; Malick, D. K.;
ONO,, and the fluorinated species gO)O—-ONO.. In these Rabuck, A. D.; Raghavachari, K.; Foresman, J. B.; Cioslowski, J.; Ortiz, J.

m n he experimen nd lenaths (1.418(12) A V.; Stefanov, J. B.; Liu, G.; Liashenko, A.; Piskorz, P.; Komaromi, I.;
co 181%% gsg € ed F()jeh de I'[al—(()l) bOS(i 7e gt ;5( 3 298( ) Gomperts, R.; Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham, M. A.; Peng,
vs L. ( ) ) and dinedral angles (84. @_@3 .8(29)) are C. Y.; Nanayakkara, A.; Gonzales, C.; Challacombe, M.; Gill, P. M. W.;
equal within their experimental uncertaintfes. Johnson, B.; Chen, W.; Wong , M.W.; Andres, J. L.; Gonzales, C.; Head-

Gordon, M.; Replogle E. S., Pople J. Baussian98Revision A.5; Gaussian
; ; Inc.: Pittsburgh, PA, 1998.
Experimental Section (15) Hermann, A.; Trautner, F.; Gholivand, K.; Ahsen, S.v.; Varetti, E.

The compound was synthesized and purified as described inL.; Della Vedova, C. O.; Wiliner, H.; Oberhammer, korg. Chem2001,

ref 12. A sample was transported tobigen at liquid nitrogen 40’(5’2)7%&”[,% S. Personal communication.

temperature. Electron scattering intensities for@E(O)O— (17) Foresman, J. B.; Frisch, Exploring Chemistry with Computational
OC(O)OCFR were recorded on Kodak electron image plates Methods 2nd ed.; Gaussian, Inc.: Pittsburgh, PA, 1996.
using the KDG2-Diffraktogragi at the University of Tbingen, (18) Huzinaga, SApproximate Atomic Wa Functions University of

. . Alberta: Edmonton, Alberta, 1971.
operating at approximately 60 kV, at two nozzle-to-plate (19) Haase, JZ. Naturforsch, A 197Q 25A 936.

distances (25 and 50 cm). The sample was kept&tC, and (20) Hedberg, L.; Mills, I. M.J. Mol. Spectrosc1993 160, 117.

the inlet nozzle was at room temperature during the experiments. ghlémBiLkﬁyMsfgzgeg'i Ry Conen E. A Pickett, H. M.; Sander, S. P.
Scattering data for ZnO were recorded simultaneously and used’ (22) Kzss, D.: Oberhammer, H.; Brandes, D.; Blaschette,J AMol.

to calibrate the electron wavelength (0.04878(1) A for long and Struct.1977, 40, 65.

0.04886(1) A for short nozzle to plate distances). Data were (23) See, e.g.: Reed, A. E.; Curtiss, L. A.; Weinhold,Ghem. Re.
obtained in digital form using a modified ELSCAN-2500 195(;34?8}223&613% rﬂg[eg;eeittrgzgel'géa 115 438
microdensitometet® Two photographic plates for each nozzle- (25) Oberhammer, HMolecular Structure by. Diffraction Methods
to-plate distance were analyzed by the usual procedtires. Chemical Society: London, 1976; Vol. 4, p 24.

Averaged molecular intensities in teeanges 2-18 and 8-35 14(()226) Typke, V.; Dakkouri, M.; Schiele, MZ. Naturforsch., AL98Q 35,

A~ [s= (47l%) sin6/2, A = electron wavelengttf) = scattering (27) Oberhammer, H.; Gombler, W.; Willner, H. Mol. Struct.1981,
angle] are shown in Figure 2. 70, 273.



