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Application to Crystallization
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Highly fluorinated organic or organometallic solid compounds can be made to dissolve in liquid hydrocarbons by
the application of 20—70 bar of CO, gas. Subsequently releasing the gas causes the compounds to precipitate or
crystallize, giving quantitative recovery of the solid. The resulting crystals can be of sufficient quality for single-
crystal X-ray crystallography; the structures of Rhy(0,CCF,CF,CF3)4(DMF),, Rhy(O,C(CF)sF)s(MeOH),, Cr(hfacac)s,
and P{C¢H3(3,5-CF3),} 5 have been determined from crystals grown in this manner.

Introduction

Complexes containing highly fluorinatedigands have
applications in the fields of chemical vapor depositién,
fluorous biphasic catalysfs? and catalysis in supercritical
CQO; (scCQ).1%"12 However, their high fluorine content

renders them insoluble in many organic solvents, makes them

more likely to be obtained as oils rather than crystalline
solids, and makes them particularly difficult to analyze
crystallographically. We have observed a phenomenon
which, among its possible applications, avails the experi-
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mental chemist of a new method of preparing crystals of
these complexes. We have found that expansion of an organic
solvent by the application of gaseous (subcritical) ,CO
pressure increases the fluorophilicity of the solvent to such
an extent that the solvent is able to dissolve highly fluorinated
complexes. This phenomenon makes it possible to recrystal-
lize such complexes for the purposes of purification or X-ray
crystallography.

Carbon dioxide, in either the liquid or supercritical states,
has a strong ability to dissolve highly fluorinated compounds,
as shown by the solubility in scGf fluorinated poly-
merst34 fluorinated surfactant$; 2" and transition metal
complexes containing fluorinated grou¥$218 Organic
solvents in general have much poorer fluorophilicity, mean-
ing that they are less able to dissolve highly fluorinated
compoundg? As a result, fluorous liquids such as perfluo-
roalkanes are immiscible with most organic liquids. However,
recent work in our laboratories has shown that dissolution
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of CO;, gas into organic liquids increases the fluorophilicity behavior were made by using a Jurgeson-type gauge as a pressure

of the organic liquid such that it may become miscible with vessel, with a burst disk attached.
common fluorous liquidg9-2: Safety Warning. Operators of high-pressure equipment such as

Application of CQ gas pressure over an organic liquid that required for these experiments should take proper precautions,
causes the latter to expand in volume up to severalfold including but not limited to the use of blast shields and pressure
forming an organic/C@ liquid phase mixture which is relief mechanisms, to minimize the risk of personal injury.

u s . Rh,(0,C(CF,)9F)4(MeOH), (complex 2) was prepared by
- 3 m 2\2
.refeLred 0 le a’tr?asl expfmded “qaﬁif' 'II'.hls.ght;anto. enotn heating 32 equiv of HEC(CR,)qF with 1 equiv of RR(OAC), to
IS observed with aimost any organic liquid but 1S Not as ;5. 4 closed vessel without added solvent for 16 h, in analogy

dramatic in ionic liquid%* and is not observed at_all in to Schurig’s method for RKO,C(CF)sF)s3t The green crude
ethylene glycol or water. The fact that some organic solids product (a mixture of green RID,C(CF)sF)s and white HQC-

are soluble in organic liquids but not in expanded organic (CF,)¢F) was purified by crystallization from methanol, giving blue
liquids has been used as the basis of the gas antisolvenRh,(O,C(CR,)sF)s(MeOH). IR: 1650 (s), 1429 (m), 1363 (m), 1214
(GAS) process for precipitating or crystallizing organic (s), 1154 (s) cm. The identification of Ri(O.C(CFR,)sF)sa(MeOH),
compoundg22>2%|n the GAS process, the dissolution of €O  was confirmed by single-crystal X-ray crystallography, as described
into a solution forces the solute to precipifat€ or crystal- below.

lize 28 Expansion of liquids by C@or other gases has also ~ Method of Recrystallization. Method A. Rh(0,C(CF)3F)s (30
been used as a method of modifying the #&#wf chemical ~ M9 28umol), toluene (0.4 mL), DMF (1iL), and a small stir

reactions. It has not heretofore been used as a method Opar were placed in a small vial inside a steel pressure vessel. The
. ) . . . . . . vessel was warmed to 3&, and CQ (68 bar) was added. Pressures
causing the dissolution of highly fluorinated solids, in what

b be d bed . GAS as low as 4650 bar suffice with most compounds, so that the
can best be described as an inverse process. pressure of a C&eylinder is sufficient and no pumps are required.

Experimental Section The vessel was stirred magneticall;_/ (coupljng of the_ magnetic_ stir
. ) bar to the stir plate below was confirmed visually prior to starting

General Methods.Hydrogen gas (99.99% purity, Praxair) was  the experiment) for 30 min, after which the stirring was stopped,
used directly. CQ gas (99.9999% purity, SFC/SFE grade, Air  the water bath heater and agitator were turned off to minimize
Products) was passed through an oxygen trap before use. Solvents;ipration, and the vent valve to the vessel was opened slightly so

reagents, and complexes were used as receiveRHCR)F)*  that approximately 1 mL of COgas escaped/min. The valve was
and Pd(phd) (phd = 9-H-perfluoro-8,10-heptadecanediondto)  agjusted daily to maintain this rate of Glss. After 1 week, the
were prepared by the literature methods. Cu(pripd = 5-H- pressure had entirely escaped. The vessel was opened. Purple
perfluoro-4,6-nonanedionat8f** was prepared by Bertrand and diamond-shaped platelet crystals of FDC(CF,)sF)((DMF),
Kaplan’s method for Cu(hfacac)® (compound1) found in the vial were removed, and one was

The high-pressure apparatus is similar to that described &arlier analyzed crystallographically.

but with 160 mL steel vessels. Visual observations of phase \iathod B. An alternative and frequently superior method was

(20) Eckert, C. A.: Liotta, C. L. Brown, J. S.: Bush, D.; Hallett, J. P.; © release the Cipressure over-14 h, after which the vessel would
West, K. N. In10th International Symposium on Supercritical Fluid b€ opened, the vial would be capped tightly, and the vial would be
Chromatography, Extraction, and ProcessiMyrtle Beach, SC, 2001.  [eft undisturbed on a shelf for 1 week. Crystals of compleXes

(21) Eckert, C. A.; Liotta, C. L.; Brown, J. S.; Bush, D.; Hallett, J. P.; ; hic(tri ; :
Jones, R. S.. West, K. N. IRroceedings of the 6th Conference on and tris(3,5-bis(trifluoromethyl)phenyl)phosphine were obtained by

Supercritical Fluids and Their Applications/aiori, Italy, 2001. this method.
(22) Chang, C. J.; Randolph, A. AIChE J.199Q 36, 939-942. Rapid screening of the best conditions for recrystallization could
@3) gordiko?’t"s";:' g-?lgghegk'zg‘s_%?lg/a” Nielen, R. M.; Peters, CJJ.  pe performed by placing 13 small glass vials uncapped and upright
(24) Bﬁ‘;ﬁgﬁgra, Lu_l AS_; Gﬁ, Z.: Brennecke, J. F.Phys. Chem. R001 in a 160 mL reaction vessel. Different proportions of the organic
105, 2437-2444. liquid (usually a heavy alkane, cycloalkane, or toluene) and the
(25) Gallagher, P. S.; Coffey, M. P.; Krukonis, V. J.; Klasutis, N. In  flyorinated solid were place in each vial, along with a micro stir

Supercritical Fluid Science and Technologlohnston, K. P., Pen- o . .
ninger, J. M. L., Eds.: American Chemical Society: Washington, DC, Par- The recrystallization then proceeded using either of the two

1989; p 334. methods described above. For particularly volatile solids or solvents,
(26) Bertucco, A. IrChemical Synthesis using Supercritical Flyidessop, the use of a single viallvessel is preferred to avoid cross-
P. G., Leitner, W., Eds.; Wiley-VCH: Weinheim, Germany, 1999; contamination

108-126.
27) %pevemhon’ EJ. Supercrit. Fluids1999 15, 1-21. X-ray Structure Determinations. Crystallization of these

(28) Field, C. N.; Hamley, P. A.; Webster, J. M.; Gregory, D. H.; Titman, compounds from organic/GQOnixtures cannot yield crystals that
J. J.; Poliakoff, M.J. Am. Chem. So@00Q 122, 2480-2488. _ ;
(29) Thomas, C. A.; Bonilla, R. J.; Huang, Y.: Jessop, PC&n. J. Chem. are free from the problems efCF; and—(CR),CR d.'sorder seen
2001 79, 719-724. when other solvent systems are used. The relatively flat confor-
(30) Jessop, P. G.; Eckert, C. A,; Liotta, C. L.; Bonilla, R. J.; Brown, J. mational potential energy surface for £éommonly gives rise to
IS-? glfOW“'S%tA-% Pf\’/'l'et P -Lrho,gnbashc' A-iVIWgee'Efd' C-?XVV”r,‘e' D. rotationally disordered groups. Similarty(CF),CFs chains present
n ean ents oens, L., ranam, . A, S., American . . . . .
Chemical Society: Washington, DC, in press. I|ttle_ in th_e way of van der Waals interactions to anchor_thelr
(31) Schurig, V.Inorg. Chem.1986 25, 945-949. positions in a crystal structure. In the present structures, disorder
(32) Betzemeier, B.; Lhermitte, F.; Knochel, Petrahedron Lett199§ of all these types is evident and was particularly severe in compound

39, 6667-6670. : ;
(33) Zheng, B.; Goldberg, C.: Eisenbraun, E. T.; Liu, J.; Kaloyeros, A. E.; 2. The use of low temperature in the data collection was a key

Toscano, P. J.: Murarka, S. P.; Loan, J. F.; SullivaMater. Chem. factor in the successful modeling of these structures.
. Phys.1995 41, 173|—181. o . i Rh3(0,C(CF,)3F)4(DMF) »+0.5toluene.A purple plate of dimen-
34) Benvenuti, F.; Carlini, C.; Marchetti, F.; Marchionna, M.; Raspolli ; ; ;
Galletti, A M- Sbrana, GJ. Organomet, Chen2001, 622 286- sions 0.28x 0.22>§ 0.04 mm was mounted in the 92 K nitrogen
202. cold stream provided by a CRYO Industries low-temperature
(35) Bertrand, J. A.; Kaplan, R. Inorg. Chem.1966 5, 489-491. apparatus on the goniometer head of a Bruker SMART 1000
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Table 1. Summary of Crystal Structure Determinations 1e0.5toluene2:2MeOH, 5, and6

1-0.5toluene 2:2MeOH 5 6
formula GgH22F28N2010R M, CaaH16F76012RM, Ci15H3CrF1g06 CagHoF18P
fw 1296.31 2386.39 673.18 670.28
temp (K) 92(2) 91(2) 91(2) 91(2)
cryst system Triclinic triclinic monoclinic triclinic
space group P1 P1 P2:/n P1
Z 2 1 4 8
a(A) 10.558(2) 9.665(3) 8.7318(12) 12.3803(15)
b (A) 10.580(2) 13.903(4) 12.9417(17) 12.9054(17)
c(A) 22.011(4) 14.195(4) 19.074(3) 32.807(4)
o (deg) 82.041(8) 90.917(4) 90 80.539(7)
B (deg) 82.216(7) 95.208(4) 92.067(3) 80.590(4)
y (deg) 63.234(8) 107.581(4) 20 85.248(5)
V (A3) 2166.6(10) 1808.9(8) 2154.0(5) 5092.4(11)
Deaic (grcm—3) 1.985 2.184 2.076 1.749
w(Mo Ka)) (mm~2) 0.935 0.708 0.720 0.254
R1 (obsd dat&) 0.068 0.157 0.033 0.068
wWR2 (all datay 0.177 0.464 0.092 0.188
GOF 1.12 1.10 1.03 0.97

aR1= 3||Fo| — |Fd|l/Z|Fo|. PWR2 = [S[W(Fs2 — FAA/S[W(FA| Y2 w1 = [0X(Fe2) + (aP)2 + bP], whereP = (Fo2 + 2F?)/3. ¢ GOF = [S[w(Fe2 —
FA/Z(n — p)]¥2, wheren is the number of reflections arglis the number of parameters refined.

diffractometer® Diffraction data were collected with graphite- Chart 1
monochromated Mo ¥ radiation employing a 023w scan and - C7Fis CaF7 CF3
approximately a full sphere of data to a resolution of 0.68 A. An RE O;>_R Pd :} cd ) C }
empirical correction for absorption was applied using the program A = = =

. C,F CsF CF.
SADABS 2.03% A total of 29 485 reflections was collected, of L 7y2 3T7l2 3
which 13 233 were uniquéx(int) = 0.038) and 9760 were observed 1 C'?: F DIRAF 3 4 5
(I > 20(1)). The structure was solved by direct methods (SHELXS- 2 §CF§;SF MeOH

978) and refined by full-matrix least-squares &A (SHELXL-

97%9). Although large thermal motion was observed for several of

the fluorine atoms, the best refinement and geometry did not employ

split positions for these atoms. o )
Rhy(05C(CF2)eF)4(MeOH) »2MeOH. A violet needle of dimen- _ Data from thg_crystal structure dgtermlne_\tlon_s are _summarl_zed

sion 0.06x 0.11 x 0.29 mm was used for structure determination ™" Table 1. Additional experimental information, including atomic

which was carried out in the manner outlined above. Of the 13 954 positiongl parameters, is supplied in CIF format as Supporting

reflections collected, 6585 were independdr(ir{t) = 0.095) and Information.

3769 were observed. Disorder in the BEF; tails was modeled . .

by the use of two equal sets, A and B, except for C2, C12, C13, Results and Discussion

C14, C16, F20, F21, F22, F23, F27, and F28, which were common Reversible Dissolution. Highly fluorinated complexes
to both sets. A set of restraints was also employed, namei C -Highly P

distances of 1.54(2) A for the backbone and 1.35(2) A ferFC such as complexéls—§ (C_hart 1) were found to be 'nsc’llj'ble
distances. Anisotropic refinement for these atoms yielded numerous®r Only partly soluble in liquid hydrocarbons but were highly
nonpositive definite thermal parameters. Consequently, only Rh1 Soluble in the same liquids when 2680 bar of CQ gas was
was refined with an anisotropic thermal parameter. The high present. For example, compl@x(64 mg) was placed in a
resultingR values for this structure are a result of poor crystallinity windowed vessel (Figure 1a) along with a stir bar and 5 mL
(crystals are fragile, fibrous needles) and the extreme thermal motionof cyclohexane, all at 383C. The solid complex visually

which 6235 were uniqueR(int) = 0.026) and 5326 were considered
observed. Refinement of this structure was routine.

of the fluorinated alkyl groups. appeared to be completely insoluble. Q@essure (59 bar)
P{CeH3(3,5-CF)2}s. A colorless plate of dimensions 0.49 was added, resulting in a marked increase in the volume of

0.24x 0.20 mm was selected for data collection. A total of 67 417 the |iquid phase and complete dissolution of the colored

reflections was collected, of which 23017 were unigRért) = complex (Figure 1b). Note that G@inder these conditions

0.033) and 17 854 were considered observed. There are four

X e _ is not supercritical and in the absence of the cyclohexane
molecules in the asymmetric unit. Several of the, Gfoups display

: would be gaseous. The upper phase was gaseous and showed
large thermal motion, and four of these groups (out of 24 total) discolorati indicating that th lex i t dissolved
were refined with split positions. Additional details are in the CIF no I‘?’CO oration, indicating that the complex 1S not dissolve
file. therein. When the C{pressure was released (slowly, so that

Cr(hfacac)s (hfacac= 1,1,1,5,5,5-Hexafluoroacetylacetonate). the solvent was n(_)t_lost by entrainment), then the liquid phase
The crystal used was a red-brown block of dimension 0:25 returned to its original volume and color and the complex

0.19 x 0.15 mm. A total of 29 586 reflections was collected, of Precipitated (Figure 1c). The IR spectrum of the solid was
identical to that of the originaR. This experiment was

(36) Data collection, SMART v. 5.054: data reduction, SAINT v. 6.06: repeated with only 43 bar, giving the same result. After the

@) Igrrl]JIﬁrAknagti;\:Aalégg{)lnstruments, Inc., Madison, WI, 2000. CO, pressure had been released, the amount of nonvolatile
eldrick, . . . . . . . . .
(38) Sheldrick, G. MSHELXTLu. 5.1Q Bruker Analytical X-ray Instru- materlgl remaining dIS$0|Ved in the liquid phase was
ments, Inc.: Madison, WI, 1997. determined by transferring the liquid phase to a flask of
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a)
Figure 2. Drawing of Rh(O.C(CFR)sF)4a(DMF), (1) showing one of the
two centrosymmetric molecules in the structure. Thermal ellipsoids are
Figure 1. Effect of CQ, pressure on the solubility of compleXx in drawn at the 30% probability level. Selected distances (A) are as follows
cyclohexane at 35C: (a) at 1 atm C@ (b) at 59 bar C@ (c) after the (second molecule values are given in brackets): RRA1A, 2.4165(8)
CO; has been released again. [2.4167(8)]; Rht-01, 2.022(4) [2.026(4)]; Rh102A, 2.045(4) [2.050(4)];

Rh1-03, 2.036(4) [2.035(4)]; Rh104A, 2.045(4) [2.042(4)].

known mass, removing the volatiles by vacuum distillation ] ] )
at room temperature, and weighing the flask again. The masdihe fluorinated alkyl chains. Although the latter problem is
of solid residue, calculated by difference, was 0.1 mg difficult to avoid, the former problem can be obviated by
showing that greater than 99% of the solute had precipitated"€Crystallization of the complexes from @®xpanded
upon release of the GO solvents. _ _ _ _
Other complexes were found to exhibit similar behavior. Recrystallization of fluorinated solids was achieved by first
Complexes tested include complexes containinig-per- identifying an appropriate antisolvent: an organic liquid in
fluoro-8,10-heptadecanedionato (phd) anid-Berfluoro-4,6- which the solid is insoluble. The antisolvents used in our
nonanedionato (pnd) chelating ligands such as Pd¢qBd) study were nonprotic nonpolar solvents sqgh as alkan(_es,
68% F by mass) and Cu(pnd, 61% F by mass). Use of cycloalkanes, or toluene. Second, the solubility of the solid
a “permanent” gas (i.e. one having a critical temperature far I the CQ-expanded antisolvent was confirmed visually in
below room temperature) such as iAstead of CQ causes a vessel with windows, as described above and shown in
neither expansion of the liquid nor dissolution of highly Figure 1. Then mixtures of the insoluble solid and the

fluorinated complexes. An alternative method of recrystal- antisolvent, in various proportions, were exposed te 0
lization, mixing a complex in a mixture of liquid propylene bar CQ and stirred to ensure dissolution of the solid in the

oxide and benzene and letting the liquids evaporate, haseXPanded liquid. Cowas released, either (a) slowly over 1

recently been reported to be effective for the crystallization W€K or (b) rapidly over 4 h, and the sample then left to
of (CIHG),CeF4.3° complete crystallization at 1 bar.

The fact that the complexes dissolve in the &@panded Crystals of complex (44% F by mass) were obtained by

liquid is a demonstration of the fact that expansion by,CO SIO‘:)V release of Cofrom toluene. Crystals of complex
renders organic liquids “fluorophilic”. Thus, expanded liquids (62% F by mass) were obtained by rapid release of f@in

represent inexpensive alternatives to perfluorinated solvents cyclohexane. The structures fand 2 (Figures 2 and 3)
One laboratory application of this phenomenon is the show that the core of the complex is similar to those of other

recrystallization of highly fluorinated complexes (see below). Pis-adducts of R{OCR). The RR-Rh bond distances
Other applications will be published separately. (2.416 and 2.404 A fod and 2, respectively) are shorter
Application of the Phenomenon to Recrystallization of than thai of RE(OZCCFZCFZCFF“)“(TEMPO)Z (2.431 A,
Solids. The phenomenon described above was applied to theTEMPO - 2,22,6,6-tetramethy|p|per|dmyl—l—oxﬂ},compa—
problem of obtaining crystals of several highly fluorinated rable to that® of RW(OZCCE)“(Me%\I )y, and longer than
complexes for the purposes of X-ray crystallography. Struc- that of RR(OAC)(DMF); (2.383 A)* The Rh-O(carbox-

tures of such compounds are relatively rare in the liter&ure ylate)f ij;]stan%gsh(%.pi’z.OS bA) arletwrtuallyl 'dent'f:re;: n all_
because the compounds are usually obtained as intractablé've ot these dirnodium carboxylate complexes. The motion
oils and because of excessive thermal motion or disorder in

(41) Felthouse, T. R.; Dong, T.-Y.; Hendrickson, D. N.; Shieh, H.-S;
Thompson, M. RJ. Am. Chem. S0d.986 108 8201-8214.

(39) Gardinier, J. R.; Gabbai, F. B. Chem. Soc., Dalton Tran200Q (42) Cotton, F. A.; Kim, Y.Eur. J. Solid State Inorg. Cheml994 31,
2861-2865. 525-534.

(40) There are a few examples of X-ray structures of high fluorine content (43) Moszner, M.; Glowiak, T.; Ziolkowski, J. Polyhedron1985 4,
(>50% by mass) organometallic complexé4%-51 1413-1417.
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: X5 Q O
D
», O O o' o

Uyt Figure 4. Drawing of Cr(hfacag) (5) with 50% probability thermal
ellipsoids. Selected bond distances (A) are the following: -@D1,
1.9594(11); Cr+02, 1.9556(12); Crt03, 1.9513(11); Crt0O4, 1.9638(12),
Cr1-05, 1.9601(11); Cr:06, 1.9500(11).

5 .'.0. O
O

Figure 3. A drawing of2. Only one of the two orientations of the (&k

CF; groups is shown for clarity. The Rh’s are drawn with anisotropic thermal
ellipsoids at the 50% probability level; remaining atoms are drawn with
circles of arbitrary size. Selected distances (A) are the following: -Rh1

Table 2. Comparison of Selected Bond Lengths and Structural
Parameters of Cr(diketonaeStructures

Rh1A, 2.404(3); Rh+01, 2.025(13); Rht02, 2.066(14); Rh+03, Cr-O 0-0O
2.044(13); Rh+04, 2.035(14); Rh+05, 2.206(16). complex A & b ¢(deg) 0 (deg) ref
o Cr(acac) 1.961 279 142 354 304 47
of the fluorous tails inl increases toward the end of the cCr(hfacac)(gas) 1.957 269 1.38 376 301 45
tails. Complex2, on the other hand, showed disorder over Cr(hfacac)(solid) 1.957 278 142 365 310 thiswork
octahedron 1.414 35.3 30 45

much of the length of its significantly longer fluorinated
chains.

While phd and pnd complexes have negligible solubility
in alkanes in the absence of g@omplexes of other ligands
with shorter perfluoroalkyl chains or lower fluorine content
such as 1,1,1,5,5,5-hexafluoroacetylacetonate (hfacac) com-
plexes (e.g. compours 51% F by mass) and 6,6,7,7,8,8,8-
heptafluoro-2,2-dimethyl-3,5-octanedionato (fod) complexes
have some solubility in alkane solvents. Nevertheless,
precipitation of hfacac and fod complexes from £0
expanded decane was observed, and it was possible to
crystallize such compounds from G®xpanded decane.
Crystals of compoun& were obtained in this manner.

The molecular structure of solid Cr(hfaca), Figure 4)
was determined from these crystals; previously only the cell
dimensions and space group of a hexagoR&y/(nmg form
of the solid were knowf* Thomas et at® reported that the
gas phasestructure of5 was an exception to the stereo-
chemical rules of Kepeff which are equations for the
prediction of the most stable twist angdg for a given value
of the normalized biteb. The normalized bite is the ©0
nonbonded distance divided by the- bond length. The
twist angle refers to the angle of rotation of the upper

Figure 5. One of the four independent molecules of tris(3,5-bis-
(trifluoromethyl)phenyl)phosphine6) is depicted with 50% probability
thermal ellipsoids. The 12-FC distances average 1.8364 A with an average
deviation of 0.0016 A.

We have found that theolid-state structure 0% is not an
exception to Kepert’s rules. The €0 bond lengths in the
gas and solid structures are identical, but a significant
difference lies in the © O distances (Table 2) and therefore

triangular face of a M(bidentatgytructure relative to the

lower face; true trigonal prismatic structure gives a value o

0° while octahedral is 30 The related parameter called pitch
angle,0, if one views the M(bidentategstructure as a three-

bladed propellor, is the “angle of rotation of the blades (abou

their C, axes) relative to @z, reference configuration'®

(44) Jarrett, H. SJ. Chem. Phys1957, 27, 1298-1304.

(45) Thomas, B. G.; Morris, M. L.; Hildebrandt, R. lnorg. Chem1978§
17, 2901—-2905.

(46) Kepert, D. L.Prog. Inorg. Chem1977, 23, 1.

in the normalized bites. The low value lobbserved for the

¢ gas-phase structure &fleads to a low predicted of 28°

(30.2° observed). In contrast, thie of 1.42 in solid5 is
essentially the same as that in Cr(agaac)d in an idealized

t octahedron and leads to a prediction of a twist angle 0f°30.3

which is within 0.7 of the observed angle for solil

Organic solids containing highly fluorinated groups can
also be crystallized by the new method. Tris(3,5-bis-
(trifluoromethyl)phenyl)phosphine (compoud51% F by
mass) was crystallized by release of Gm CO,-expanded
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cyclohexane (16 mg in 10L cyclohexane), yielding Conclusions.The application of gaseous G@ nonpolar
colorless plates. In the structure (Figure 5), the@>-P aprotic solvents renders them temporarily and reversibly
angles average 10Z%,&lightly smaller than in more electron  fluorophilic, enabling them to dissolve highly fluorinated
rich triarylphosphines such as R{&-p-Cl); (101.9) and solids. The release of the GPressure causes the quantitative
PPh (102.8). The average PC bond length is virtually ~ precipitation or crystallization of the fluorinated solute. The
identical to those in the other triarylphosphines. A tetracar- application of this technique to the laboratory preparation
bonyliron complex containingg as a ligand has been of crystals for X-ray crystallography has been demonstrated.
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