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distance (5.09 A based on the low-temperature neutron diffraction 
study6) this dipole-dipole coupling is much smaller than the as- 
sumed line width. Furthermore, the evolution of one spin in the 
field of its neighbors is dominated by the very strongest couplings, 
and therefore the interaction of an isolated nucleus a distance i: 
from a cluster is much greater than of one spin in a cluster with 
spins in a second cluster. 

When molecular motion is significant, some care must be taken 
in interpreting the derived distances, as the distances derived in 
an N M R  experiment are not in general the mean distances.'* 
Depending upon the nature of the vibrational mode, the N M R  
value may be either longer or shorter than the diffraction values. 
Because the molecular framework is quite rigid (evidence for which 
is provided by the relatively long spin-lattice relaxation time, which 
is - 1 min) the spectral analysis is unlikely to be complicated by 
any sort of motional averaging, and the simulations are based on 
the assumption of no molecular motion. 

The intramolecular distance we derive is approximately that 
of the low-temperature neutron diffraction study; the distance 
between the pairs in the unit cell is quite a bit larger than predicted 
from the same study,6 and also larger than the value derived from 
the X-ray data a t  room t e m p e r a t ~ r e . ~  (Late in the preparation 
of this work, we received a list of atomic coordinates by private 
communication with the authors of ref 5; our results agree with 
theirs somewhat more closely than with those of ref 4 and 6.) 
Knowledge of the interpair distance serves to partially locate the 
four-proton network within the crystal lattice, as the center of the 
line connecting pairs of crystallographically equivalent nuclei must 
correspond to the center of the unit cell (however, the orientation 

(18) (a) S. Meiboom and L. Snyder, Arc. Chem. Res., 4, 81 (1971). (b) 
S. Sykora, J. Vogt, H. Bosiger, and P. Diehl, J .  Magn. Reson., 36, 53 (1979). 
(c) J .  Lounila and P. Diehl, Mol. Phys., 52, 827 (1984). 

with respect to the crystal axes cannot be obtained in our powder 
analysis). The primary difference between our coordinates and 
those of the neutron study is that the intermolecular interaction 
seems somewhat weaker. This corresponds to the observed 
shrinkage of the unit cell at low temperatures.6 

Conclusions 
In this work we have shown the application of zero-field NMR 

to determine reasonable internuclear distances for the protons in 
a magnetically dilute system. Polycrystalline (y-H)20~3(CO)I0 
was chosen as a test compound because it is a relatively simple 
spin system with a well-characterized structure, and because there 
is interest in its chemical behavior. Zero-field N M R  studies at 
room temperature reveal an apparent expansion in the crystal 
lattice as compared to the results of neutron diffraction data done 
on a single crystal at a lower temperature. This result is consistent 
with temperature-dependent studies of the density of this com- 
pound. All of the crystal lattice expansion seems concentrated 
in the weakening of the intermolecular contacts. For small 
numbers of coupled spins, zero-field N M R  has also been shown 
to provide information about the approximate numbers of in- 
teracting spins, where normal high-field N M R  techniques are 
much less definitive. 
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Structural and spectral characterizations of the title compound, 2,4-bis[( l-n-butyl-2( 1H)-quinolylidene)methyl]- 1,3- 
cyclobutadienediylium- 1,3-diolate (BQMS), a prime candidate for a solar energy material, have been carried out. Crystals 
are monoclinic, P2, /n  with a = 9.586 (2) A, b = 9.730 (2) A, c = 13.894 (3) A, (3 = 99.77 (9)O, and Z = 2. The structure 
has been solved by direct methods and refined by using 1078 reflections for which F > 2 4 F )  with anisotropic temperature 
factors on the non-hydrogen atoms to R = 0.098 and R, = 0.074. Quasi-metallic reflection is observed along both principal 
directions for the (101) and (001) faces. The transition moment is found to be polarized along the long axis of the molecule. 

Introduction 
The squarylium class of organic dyes has received a great deal 

of attention recently due to their potential application in solar 
energy con~ersion,'-~ electrophotographic proce~ses ,~ photovoltaic 
cells,5 and optical storage systems.6 An understanding of the 
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relationship between the structure and optical and electronic 
properties of these materials is crucial if they are to be designed 
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C13’. 

Figure 1. Representative crystal habit for BQMS. The view on the 
right-hand side is down the b crystallographic axis. 

TABLE I: Principal Crystallographic Data for the Squarylium Dye 
(Molecular Formula: Cq2Hq2N202) 

a, 8, 9.586 (2) monoclinic, space group P2, / c  
b, A 9.730 (2) V, A3 1274.5 (9) 
c, 8, 13.894 (3) M ,  amu 476.6 

z 2 
13% deg 99.77 (9) Pcaicd, mg mm-? 1.241 

Fooo 508 
p (Mo Ka) ,  cm-’ 0 42 

and tuned for specific applications.’ Unfortunately, in general, 
organic dyes do not readily provide crystals suitable for single- 
crystal X-ray structure determinations which has severely limited 
the data available for structure-property studies. Thus, for the 
squarylium dyes, only three single-crystal studies have been re- 
ported to Two of these are polymorphs of the same 
m ~ l e c u l e , ~  a situation which provides special advantages in the 
study of structure-property relationships.’0 

The paucity of structural data on squarylium dyes coupled with 
the importance of the intimate relationship between the geometric 
aspects of the packing motif and the photophysics suggested 
pursuing combined structural and spectroscopic studies on this 
general class of materials. Since these compounds have received 
particular attention as candidates for solar energy conversion 
materials,2%3 we undertook an investigation on the first analogue, 
BQMS, for which we were able to obtain suitable single crystals. 

Experimental Section 
Crystals, obtained from Dr. D. L. Morel, then of Exxon, were 

grown by evaporation from methylene chloride. They may be 
obtained as extremely small but well-formed plates, somewhat 
elongated along the b crystallographic axis, as shown in Figure 
1.  The plate faces are (101) and about the b axis (001) faces 
are also observed. All of these appear copper in color in reflected 
light. The crystals also exhibit (1 10) faces, which are rose-colored 
in reflected light. Among the crystals which we examined there 
were also some more prismatic samples which were less elongated 
along the b axis but exhibited (20-1) and (-201) faces. 

Cell constants (Table I )  were obtained from a least-squares fit 
of 25 reflections 8’ < 2~7  < 18’ (Mo K a I ) .  A total of 4795 
intensities were measured on a Nonius CAD-4 automated dif- 
fractometer and included two symmetry equivalent sets of data, 
of which 2008 are unique following averaging. Due to the 
smallness of the crystal only 1078 of these were above the 2 4 F )  
level and were used for solution and refinement of the structure. 
The structure was solved by direct methods using SHELX76.” 
Refinement was carried out by using two blocks (the quinoline 
ring in one block and the remainder of the molecule in the second 

(5) Merrit, V. Y.;  Hovel, H.  J. Appl.  Phjs. Lett. 1976, 29, 414. Morel, 
D.; Stogryn, E. I.; Ghosh, A .  K.; Feng, T.; Perwin, P. E.; Shaw, R. F.; 
Fishman, C.; Bird, G. R.: Piechowshi, A. P. J .  Phys. Chem. 1984, 88. 923; 
Piechowski, A.  P.; Bird, G. R.; Morel, D. L.; Stogryn, E. L .  J .  Phys. Chem. 
1984, 88, 934. 

(6) Jipson, V. B.; Jones, C. R. J .  Vuc. Sci. Techno/. 1981, 18, 105. Sporer, 
A. H.  Appl.  Opt. 1984. 23, 2738. Cohen, M. S.  IBM Internal Report 
RC8034, 1980. 

(7) Loutfy, R. 0.; Hsiao, C. K.;  Kazmaier, P. Phofogr. Sci. Eng. 1983, 27, 
5 .  Merritt, V .  Y .  IBM J .  Res. Dea. 1978. 22, 353. 

(8) Tristani-Kendra, M.; Eckhardt, C. J.; Bernstein, J.: Goldstein, E. 
Chem. Phys. Lett. 1983, 98, 57. 

(9) Farnum, D. G.; Neuman, M. A.; Suggs, W. T. J .  Crysf. Mol. Strucr. 
1974, 4. 199. 

( I O )  Tristani-Kendra, M.;  Eckhardt, C. J .  J .  Chem. Phys. 1984,81, 1160. 
( I  1) Sheldrick, G. M. “SHELX76, a Crystallographic Structure Solution 

and Refinement Package”, University of Cambridge, 1976. 

Figure 2. Atomic numbering, bond lengths, and bond angles for BQMS. 
Estimated standard deviations (esd) of bond lengths C-0, C-N, 0.008 
8,; C-C, 0.010 A; average esd of bond angles 0 6O 

block), with anisotropic temperature factors for all non-hydrogen 
atoms. All hydrogen atoms but one on the terminal methyl group 
of the n-butyl group were located in difference maps and were 
included with isotropic temperature factors. Five of these were 
not well-behaved in the refinement and were kept fixed. Final 
R factors are R = 0.0978 and R, = 0.074. Coordinates are given 
in Table 11. Temperature factors and structure factors have been 
deposited with the Cambridge Crystallographic Data Centre. 

The instrumentation used to obtain the polarized specular re- 
flection spectra has been described previously.1° Because of the 
extremely small size of the crystals it was necessary to use ob- 
jectives of very limited depth of field to assure that the surface 
was as nearly normally incident as possible. Even with such a 
high-power objective, it was impossible to obtain spectra from 
several of the faces of the crystal. 

Attempts were made to obtain the spectra of aggregates of the 
dye. The low solubility of the dye prevented observation of a J 
band. 

Discussion of the Structure 
Atomic numbering, bond lengths, and bond angles are given 

in Figure 2. The equivalence of the two exocyclic bonds C- 
(1)-C( 14) and C (  14)-C( 15) connecting the squarylium and 
quinoline rings indicates delocalization of electrons throughout 
the molecule. The molecule is not completely planar, however, 
while the quinoline moiety is, as expected, planar to within 0.05 
A; C(14), C(15), and C(16) lie out of this plane by -0.18, -0.13. 
and -0.15 A, respectively. 

The squarylium ring is planar consistent with its crystallographic 
site symmetry. A comparison of the overall conformation with 
that found in virtually all of the carbocyanine dyes reveals an 
interesting difference, which is also a manifestation of the crys- 
tallographic point symmetry, namely that the hydrocarbon chains 
in the two rings point in opposite directions. In  the other car- 
bocyanine structures the molecules exhibit essentially Cz sym- 
metry.12 The bond lengths are virtually identical with those 
observed in the structure reported by Farnum et For C-C 
these are clearly shorter than the values of 1.544 A obtained in 
planar 2,2,4,4-tetramethylcyclobutane-trans-1 ,3-dio113 and indicate 
the presence of significant double bond character in this ring. This 
would tend to justify the representation of these materials where 
the f 2  charge on the four-membered ring and -1 charge on the 
oxygens implies the tendency toward an aromatic system. How- 
ever, this representation requires a significant reduction of the 
double bond character of the C-0 bond which is observed only 
to a limited extent in this structure and perhaps to a slightly greater 
degree in other squarylium  structure^.'^^'^ The C-OH length 
observed in the cyclobutane- 1,3-diol (1.43 1 %.) is certainly the 
upper limit for such a bond length. A more realistic value is 
probably that of 1.30 A observed for C-OH in carboxylic acidsL3 

The overall packing is typical of the herringbone structures of 
the P 2 , / c  space group. This is best represented by the view on 

(12) Etter, M. C.: Kress, R. B.; Bernstein, J.: Cash, D. J .  J .  Am.  Chem. 
SOC. 1984, 106,69. Marqulis, T. N. J .  Chem. Soc., Chem. Commun. 1969, 
215 and ref 3-13 therein. 

(13) Bernstein, J.; Goldstein, E., in  preparation. 
(14) Leiserowitz, L .  Acta Crystallogr., Sect. 5 1976. 532, 775. 
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Figure 3. Projections of the contents of the unit cell of BQMS on the 
various crystal faces exhibited by the crystal: (a) (101); (b) (001); (c) 
(110); (d) (20-1). 

the main (101) face (Figure 3a), in which there is nearly a full 
projection of the two molecules in the unit cell, whose long axes 
are nearly mutually perpendicular. Projections of the contents 
of the unit cell on other observed crystal faces are also given in 
Figure 3. 

Discussion of the Spectra 
The squarylium dyes have proven to be prototypical systems 

for the investigation of the strong coupling regime in molecular 
crystals. They have shown the characteristic broad reflection bands 
which are on the order of an electronvolt in half-width and which 
exhibit reflectivities on the order of metals. In spite of this be- 
havior, the crystals are insulators and thus the spectral behavior 
is referred to as quasi-metallic. 

Because they are electrically neutral, chemically stable, tend 
to pack as planar molecules, and have been found to have poly- 
morphs, the squarylium dyes are particularly suited for study of 
molecular exciton polaritons. In  addition, they have been found 
to exhibit the two characteristic quasi-metallic bandshapes in a 
pair of polymorphs.I0 They also provided the first example of a 
quasi-metallically reflecting crystal with significant reflectivity 
found in the same frequency region for different factor groups. 

In such crystals the electronic excitation is delocalized and a 
polarization is generated. To adequately describe the spectra it 
is necessary to couple this field with that of the incident light. The 
vibronic coupling of the resulting polariton states can be cate- 
gorized in the same fashion as those of vibronic coupling of ex- 
c i t o n ~ . ' ~  If A is the region of energy spanned by, say, a single 
vibronic progression of the free molecule, the maximum width 
of the corresponding reflection band for an oriented gas crystal 
is 

where f i  is the electronic transition dipole, Vo the unit cell volume, 
and eo a background dielectric constant. When 8 is much larger 
than A, strong coupling is observed. For the opposite situation, 
weak coupling is seen.I6 

1 I I 
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Figure 4. Spectrum of BQMS in methylene chloride at 25 OC. 
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0 

Figure 5. Specular reflection spectra for the (001) face. 

A.  Free Molecule Spectrum. The spectrum of the dye BQMS 
is shown in Figure 4. A cursory inspection would indicate a 
vibronic progression. Peaks are observed at 13 550 (738), 14 550 
(687), 14880 (672), and 16 155 (619) cm-I (nm) together with 
slight structure around 17 120 cm-' (584 nm). Differences do not 
yield a progression when the last peak is considered but a vibration 
of approximately 1300 cm-' is active. As noted previously, BQMS 
is only slightly soluble in glass-forming solvents and even in dilute 
solutions forms microcrystals a t  low temperature. 

The transition dipole length obtained from the solution spectrum 
is 3.3 f 0.3 A c f =  1.7). This places BQMS among the most 
intensely absorbing dyes and it is significantly more so than for 
( 2 , 4 - b i s  [ (4-(diethylamino)-2-hydroxyphenyl]cyclo- 
butadienediylium- 1,3-diolate (HEAPS) . l o  

B. Crystal Spectra. The spectra for both principal directions 
of the (001) face are shown in Figure 5. They are averages of 
spectra taken from different crystals. The b-axis spectrum with 
its peak at 12 700 cm-' is quite highly reflective and displays the 
bandshape characteristic of quasi-metallic reflection. The a-axis 
spectrum which rises to its maximum reflectivity at 12 800 cm-' 
is neither as reflective nor as broad as the b-axis spectrum. This 
band may be regarded as showing incipient quasi-metallic re- 
flect ion. 

Spectra were also measured for the (101) face and were found 
to be virtually identical with those for (001). Examination of the 
projections for the two faces shows that they are essentially 
spectroscopically equivalent. 

In the spectra for both the a and b axes, a series of quite weak 
peaks is observed beginning near 20000 cm-I. Similar, although 
less extensive, structure was observed with HEAPS and was at- 
tributed to another electronic state. 

The absorption spectra obtained through Kramers-Kronig 
transform of the reflection spectra are shown in Figure 6. Both 
bandshapes are quite characteristic for dye crystals. The b-axis 

(15) Simpson, W. T.; Peterson, D. L. J .  Chem. Phys. 1957, 26, 5 5 8 .  
~~~ ~ 

(16) Philpott, M R. J .  Chem. Phys. 1970, 52, 5842. 



1072 The Journal of Physical Chemistry, Vol. 90, No. 6, 1986 Bernstein et al. 

TABLE 11: Atomic Coordinates X104  for Non-Hydrogen Atoms and X103 for Hydrogen Atoms and Temperature Factors 

Atomic Coordinates 
_ _ _ _ _ ~  

atom no. X Y z atom no. X Y Z 

0 0531 (5) -6882 (5) 4176 (4) C(16) 0228 (6) -5876 (7) 4630 (5) 
N 3093 (5) -2004 (5) 3649 (3)  H(2) 100 (5) -180 (5) 518 (4) 

2175 (7) -2471 (6) 4229 ( 5 )  H(3) 157 (5) 038 (6) 528 (4) 
478 (3) 

C( I )  

-0206 (7) 4879 (5) H(5) 474 (5) 295 (5) 389 (3) 
C(2) 

2041 (7) 
295 (4) 

(33) 
3572 (8) 1604 (8) 4414 (6) H(6) 592 (5) 135 (6) 

C(5) 4590 (8) 2049 (7) 3912 (6) H(7) 495 (5) -072 (5) 284 (3) 
C(4) 

5100 (8) 1131 (8) 3300 (6) (HlOA) 286 (4) -362 (4) 273 (3) 
237 (4) 

C(6) 
4640 (8) -0190 (8) 3216 (5) H(I0B) 379 (6) -234 (6) 

397 (4) 
C(7) 

3070 (7) 0265 (7) 4350 (5) H(1IA) 498 (5) -417 (6) 
358 (5) 

C(8) 
3625 (6) -0667 (7) 3736 (5) H( I IB)  581 (7) -302 (7) 
3605 (7) -2935 (7) 2925 (5) H(  12A) 471 (6) -535 (7) 245 (5) 

C(9) 

4967 (8) -3668 (8) 3324 (5) H(  12B) 541 (6) -409 (6) 199 (4) 
C(10) 

246 (5) 
C(11) 

5404 (1 0) -4626 (9) 2557 (6) H(  13A) 704 (7) -579 (6) 
6885 (12) -5214 (12) 2898 (8) H(13B) 694 (6) -564 (5) 338 (3) 

C (  12) 

C(14) 1784 (7) -3852 (7) 4220 (5) ~ ( 1 4 )  201 (5) -447 (5) 380 (3) 
C(  13) 

C(15) 0748 (6) -4457 (6) 4678 (4) 

Temperature Factors" 

1620 (8) -1520 (8) 4842 (5) H(4) 320 (5) 210 (5) 

atom Ul I U2 2 u3 3 U2 3 Ul 3 L', 2 

0 851 (40) 361 (30) 897 (41) -164 (31) 605 (33) -208 (30) 
h 283 (31) 352 (32) 279 (32) 54 (28) 60 (26) -132 (27) 

-84 (42) 
C(1) 

-13 (36) 
C(2) 

-58 (45) 
C(3) 

-136 (41) 
C(4) 

-52 (41) 
Ci5) 
C(6) 

301 (41) 522 (51) 317 (45) 66 (40) -17 (33) -19 (39) 
C(7) 

-17 (34) 
C(8) 

-139 (39) 
C(9) 
CiIO) 444 (49) 317 (47) 427 (47) -158 (40) 223 (39) 
C(11) 411 (45) 585 (51) 223 (39) -13 (40) 68 (34) -85 (42) 

780 (68) 524 (60) 415 (55) 27 (47) 178 (49) 83 (53) 
1018 (83) 965 (91) 800 (91) 253 (74) 444 (74) 611 (70) 

C( 12) 

428 (42) 464 (47) 317 (42) -158 (38) 195 (35) -48 (36) 
C( 13) 

-191 (34) 
-63 (37) 

552 (49) 313 (42) 347 (43) 94 (35) 108 (37) -35 (37) 
541 (52) 522 (58) 388 (46) -13 (40) 317 (41) 
348 (43) 327 (46) 483 (50) -52 (38) 135 (37) 
446 (51) 532 (60) 448 (51) -47 (46) 1 I5 (40) 

418 (50) 445 (53) 667 (57) -9 (45) 196 (43) 
643 (58) 364 (50) 551 (57) -74 (44) 260 (47) 

504 (51) 241 (45) 705 (62) 141 (44) 73 (44) 

118 (44) 

201 (36) 507 (49) 375 (44) 36 (37) 102 (33) 

~ ( 1 4 )  
~ ( 1 5 )  362 (39) 354 (44) 310 (39) -57 (33) 174 (33) 
C( l6 )  360 (44) 361 (43) 502 (49) 27 (39) 176 (38) 
H(2) 25 (17) 
H(3) 39 (19) 
Hi41 5 (16) 
H(5) 14 (15) 
H(6) 46 (19) 
H(7) 0 (13) 
H(1OA) I ( 1 2 )  
H(1OB) 70 (25) 
H(I1A) 55 (20) 
H(11B) 100 (29) 
H(12A) 74 (27) 
H(12B) 54 (22) 
H(  I3A) 51 (25) 
H( I3B) 8 (17) 
~ ( 1 4 )  19 (15) 

"Anisotropic temperature factors are X104 and are expressed as e ~ p [ - 2 r ~ ( a , * ~ h ~ U ~ ,  + al*a2*hkU12 + ... )]. Isotropic thermal parameters are X103 

quinoline rings. The presence of the large ring systems in BQMS 
has a strong if not unexpected influence on the electronic structure. 

The most significant spectroscopic feature is the appearance 
for both principal directions of a face of two quasi-metallic bands 
arising from the same parent molecular transition. Since the 
crystal bands and that of the free molecule span approximately 
the same frequency region, the case of intermediate vibronic 
coupling is applicable. Unfortunately, the difficulty of studying 
the crystals a t  ambient temperatures is greatly increased at low 
temperature and detailed investigation of the coupling must await 
preparation of more suitable samples. 

Conc'usions 
The packing of the essentially planar BQMS molecule has two 

interesting aspects. The first is the observation that the hydro- 
carbon chains attached to the quinoline rings point in opposite 
directions. The second is that, while the molecules adopt the 

and are expressed as exp[-2r2U sinZ 8/A2] .  

spectrum, as would be expected, carries the most intensity and 
shows peaks at 12 400 and 13 750 cm-'. For the a axis the peaks 
come a t  12 800 and 14 000 cm-' but the system has significantly 
less directional intensity. The observed crystal splittings of 400 
and 250 cm-' are not unusual and indicate no strong coupling. 

The dipole length for the transition is 3.5 f 0.4 A. The value 
is consistent for spectra measured for both principal directions. 
This corresponds to an oscillator strength f = 2.0. Agreement 
with the solution intensity is within error but some exaltation of 
intensity in the crystal is possible. 

The integrated intensities give a dichroic ratio of 0.56. As- 
suming that the pseudosymmetry of the molecule is CZh, it is 
reasonable to confine the transition to the plane of the molecule. 
This permits assignment of the transition polarization from the 
spectra. The transition moment is located -43O 5 O  from the 
line connecting C14 and C14' in Figure 2.  This is not too sur- 
prising since it essentially defines the direction between the two 
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Analysis of the spectra permit assignment of the transition along 
the long axis of the molecule. The integrated intensities of the 
crystal and solution agree within error although there may be a 
slight exaltation of the crystal intensity. 

Fourier-Transform Infrared Spectra of HF Complexes with Acetic Acid and Methyl 
Acetate in Solid Argon 

Kenneth 0. Patten, Jr.,+ and Lester Andrews* 
Department of Chemistry, University of Virginia, Charlottesville, Virginia 22901 (Received: August 13, 1985) 

Cmndensation of argon gaseous solutions of HF with acetic acid and with methyl acetate at 10 K has produced hydrogen-bonded 
complexes in which HF  ligates to the carbonyl oxygen in the skeletal plane presumably on the same side as the ester oxygen. 
These complexes exhibit characteristic v,(HF) and u,(HF) modes and a large number of perturbed base submolecule modes, 
the most important of which are red-shifted C=O and blue-shifted C-0 stretching fundamentals. 

Introduction 
Electrophilic ligation to the carboxylate group is of considerable 

importance to its reactivity and to its usefulness in solvation. This 
group presents two plausible sites a t  which an acidic proton can 
bind, the carbonyl oxygen or the ester oxygen. Infrared studies 
of the perturbation of the C=O and C-0  stretching modes of 
the carboxylate can identify the site of proton binding. Further 
information concerning the structure of the complex is available 
from the perturbations upon other modes, and argon matrix 
isolation allows the detection of many of these perturbations by 
controlling the extent of self-association of the base, a source of 
band broadening which is particularly important for acetic acid. 

Experimental Section 
The methods and apparatus used in these experiments have 

previously been discussed in detail.'-3 Glacial acetic acid 
(Mallinckrodt) was outgassed a t  77 K under high vacuum, then 
metered into the deposition manifold, and diluted with Ar to a 
mole ratio of Ar/CH3COOH = 500/ 1 or 1000/ 1. An identical 
outgassing procedure was used for methyl acetate (Aldrich), but 
this compound was diluted to Ar/CH,COOCH, from 200/1 to 
600/ 1. Hydrogen fluoride (Matheson) was outgassed and diluted 
to A r / H F  mole ratios of 200/1 or 300/1; deuterium fluoride 
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(approximately 75% enrichment) was prepared by reacting the 
elements and then diluting with argon to Ar/DF = 150/1 and 
300/ 1 ratios. 

Spectra between 4000 and 400 cm-l were collected on a Nicolet 
7199 FTIR spectrometer at 1-cm-' resolution giving a frequency 
precision of f0.3 cm-I. Samples consisted of 30 mmol of an 
argon-base mixture codeposited with 30 mmol of argon-HF or 
argon-DF over periods ranging from 6 to 20 h. Spectra were also 
recorded after diffusion at 20 K for 10 min and then after diffusion 
at 26 K for 10 min. A separate experiment where each argon-base 
mixture was deposited alone and annealed identified the fre- 
quencies of the matrix-isolated base and its polymers. 

Results 
A spectrum of Ar/CH,COOH = 1000/1 with Ar/(HF + DF) 

= 100/1 is shown in Figure 2. The strong band at 3406 cm-' with 
a site splitting at 3417 cm-' was not found in experiments where 
either acetic acid or HF was deposited alone; this, as well as its 
proximity to the previously reported v, value for a ~ e t o n e - H F , ~  
3302 cm-I, indicates that this is the u,(HF) vibration in the acetic 
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