
REPORT DOCUMENTATION PAGE 
Form Approved 

OMB No. 0704-0188 
Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and 
maintaining the data needed, and completing and reviewing this collection of information.  Send comments regarding this burden estimate or any other aspect of this collection of information, 
including suggestions for reducing this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis 
Highway, Suite 1204, Arlington, VA  22202-4302.  Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a 
collection of information if it does not display a currently valid OMB control number.  PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS. 
1. REPORT DATE (DD-MM-YYYY)
25-05-2007 

2. REPORT TYPE
Journal Article

3. DATES COVERED (From - To)

4. TITLE AND SUBTITLE 
 

5a. CONTRACT NUMBER 

First High Pressure Crystallization and Study of Disorder Modes in Isostructural 
Dihaloperfluoroethanes (Preprint) 

5b. GRANT NUMBER 
 

 5c. PROGRAM ELEMENT NUMBER 
 

6. AUTHOR(S) 
Anna Olejniczak & Andrzej Katrusiak (Adam Mickiewicz University, Poland);  

5d. PROJECT NUMBER 
 

Ashwani Vij (AFRL/PRSP) 5e. TASK NUMBER 
23030423 

 5f. WORK UNIT NUMBER
 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
 

8. PERFORMING ORGANIZATION 
REPORT  NUMBER

Air Force Research Laboratory (AFMC) 
AFRL/PRSP 
10 E. Saturn Blvd. 
Edwards AFB CA 93524-7680 

  
AFRL-PR-ED-JA-2007-289 
 

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S 
ACRONYM(S)

   
Air Force Research Laboratory (AFMC)   

AFRL/PRS  11. SPONSOR/MONITOR’S 
5 Pollux Drive        NUMBER(S)
Edwards AFB CA 93524-7048  AFRL-PR-ED-JA-2007-289 

12. DISTRIBUTION / AVAILABILITY STATEMENT 
 
Approved for public release; distribution unlimited (PA #07293A). 
 
 

13. SUPPLEMENTARY NOTES
Submitted for publication in Angewandte Chemie International Edition. 

14. ABSTRACT
 
A group of isostructural crystals has been identified for a series of 1,2-dihalotetrafluoroethanes X(CF2)2Y (X = Br, I; Y = Br, I). 1,2-
Dibromotetrafluoroethane (BrCF2CF2Br), 1,2-diiodotetrafluoroethane (ICF2CF2I) and 1-bromo-2-iodotetrafluoroethane (BrCF2CF2I), have 
been in-situ pressure crystallized in a diamond-anvil cell and their structures determined by X-ray diffraction. All the crystals are monoclinic, 
space group P21/n, with the midpoint of the C–C bond located at the centre of inversion. The freezing pressures of these compounds have been 
determined to be 0.80(5) GPa, 0.30(5) GPa and 0.10(5) GPa for BrCF2CF2Br, BrCF2CF2I and CF2ICF2I, respectively. In the structure of 
ICF2CF2I, the –CF2–CF2– moiety is orientationally disordered about the intramolecular I···I axis at 0.16(5) GPa, but it becomes ordered at 
0.86(5) GPa. The BrCF2CF2I crystal structure is disordered in a different way: the –CF2–CF2– is ordered but the Br and I atoms are 
substitutionally disordered with equal occupancies. The CF2BrCF2Br structure is completely ordered. The formation of isostructural crystals by 
these compounds and different types of molecular disorder can be rationalized by the intermolecular interactions at varied thermodynamical 
conditions. The cohesion forces in these structures are dominated by I···I, Br···Br and (Br/I)···(Br/I) contacts, but (Br/I)···F contacts are 
considerably shorter in BrCF2CF2I than in ICF2CF2I and BrCF2CF2Br. 

15. SUBJECT TERMS
 

16. SECURITY CLASSIFICATION OF: 
 

17. LIMITATION  
OF ABSTRACT

18. NUMBER 
OF PAGES

19a. NAME OF RESPONSIBLE 
PERSON 
Dr. Ashwani Vij

a. REPORT 
 
Unclassified 

b. ABSTRACT
 
Unclassified 

c. THIS PAGE
 
Unclassified 

 
SAR 

 
19

19b. TELEPHONE NUMBER 
(include area code)
N/A 

 Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std. 239.18

 



First high pressure crystallization and study of disorder 

modes in isostructural dihaloperfluoroethanes (Preprint) 

Anna Olejniczak1, Andrzej Katrusiak1* and Ashwani Vij2* 

1Faculty of Crystal Chemistry, Adam Mickiewicz University, Grunwaldzka 6, 60-780 Poznan, Poland; 
2Air Force Research Laboratory/PRSP, 10 E. Saturn Blvd., Bldg. 8451, Edwards AFB, CA 93524,USA 

1Tel. +48(61)8291443; fax: +48(61)8658008. E-mail address: katran@amu.edu.pl; 

 2Tel. +1-661-2756278; fax: +1-661-2755471. E-mail address: ashwani.vij@edwards.af.mil 

ABSTRACT 

A group of isostructural crystals has been identified for a series of 1,2-dihalotetrafluoroethanes 

X(CF2)2Y (X = Br, I; Y = Br, I). 1,2-Dibromotetrafluoroethane (BrCF2CF2Br), 1,2-

diiodotetrafluoroethane (ICF2CF2I) and 1-bromo-2-iodotetrafluoroethane (BrCF2CF2I), have been in-

situ pressure crystallized in a diamond-anvil cell and their structures determined by X-ray diffraction. 

All the crystals are monoclinic, space group P21/n, with the midpoint of the C–C bond located at the 

centre of inversion. The freezing pressures of these compounds have been determined to be 

0.80(5) GPa, 0.30(5) GPa and 0.10(5) GPa for BrCF2CF2Br, BrCF2CF2I and CF2ICF2I, respectively. In 

the structure of ICF2CF2I, the –CF2–CF2– moiety is orientationally disordered about the intramolecular 

I···I axis at 0.16(5) GPa, but it becomes ordered at 0.86(5) GPa. The BrCF2CF2I crystal structure is 

disordered in a different way: the –CF2–CF2– is ordered but the Br and I atoms are substitutionally 

disordered with equal occupancies. The CF2BrCF2Br structure is completely ordered. The formation of 

isostructural crystals by these compounds and different types of molecular disorder can be rationalized 

by the intermolecular interactions at varied thermodynamical conditions. The cohesion forces in these 
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structures are dominated by I···I, Br···Br and (Br/I)···(Br/I) contacts, but (Br/I)···F contacts are 

considerably shorter in BrCF2CF2I than in ICF2CF2I and BrCF2CF2Br. 

INTRODUCTION 

Haloperfluorocarbons find diverse applications in fields ranging from freezing technology to 

medicine. The pharmacological activity of two enantiomers of a racemic halothane, widely used as a 

highly volatile general anesthetic, is ascribed to their relative selective interactions with specific protein 

binding sites1. Although halogenated perfluorocarbons are generally considered inert, recently it has 

been evidenced that halogen atoms of bromo– or iodoperfluorocarbons strongly interact with nitrogen, 

oxygen and sulfur atoms of hydrocarbon Lewis bases2-7. Structures of complexes, containing ICF2CF2I, 

BrCF2CF2Br or BrCF2CF2Br moieties, have been determined2-6, revealing a disordering of the ethane 

moieties and Br/I atoms. Meanwhile, the structures of the principal components, ICF2CF2I and 

BrCF2CF2I, have not been investigated. The only example of a structurally characterized HFC 

(halofluorocarbon) is BrCF2CF2Br where a low-temperature neutron powder diffraction data have been 

investigated8. In principle, the structures of 1,2-dihaloperfluoroethanes should be governed by 

analogous halogen···halogen interactions, and we intended to investigate the types of molecular 

association, stability of the structures and compressibility of the intermolecular contacts in this series of 

prototypical compounds. It was hoped, that by applying high-pressure techniques new phases of these 

compounds could be obtained, which would be considerably different from those frozen by cooling. 

 

EXPERIMENTAL 

1,2-Dibromoperfluoroethane has been in-situ pressure crystallized in a Merrill-Bassett miniature 

diamond anvil cell (DAC)9. The freezing pressure of 0.8 GPa has been determined when the 

polycrystalline sample was in equilibrium with the liquid. Then the pressure was increased to 1.03 GPa 

and the DAC heated until one small grain was left. The single-crystal, grown from this seed by slowly 

cooling the DAC (Figure 1), filled whole the high-pressure chamber at 310(2) K. Diffraction data were 

measured for this single-crystal. 
2
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Figure 1. Two stages of the single-crystal growth of 1,2-dibromotetrafluoroethane: the plate-like crystal 

at 450 K (A), and the single-crystal covering almost all surface of the culet in the chamber at 330 K (B). 

Newton fringes can be observed for the very thin  plate in photograph (A). Two ruby chips were placed 

in the chamber: the bigger one at the bottom of the photograph and the smaller to its left. 

1,2-Diiodotetrafluoroethane froze at 0.10 GPa at 296 K. Then the pressure was increased to 0.16 GPa, 

and the single-crystal (Figure 2) was grown as explained above. The single-crystal diffraction data have 

been measured at 0.16 GPa. 

 

Figure 2. The pressure-crystallized single crystal of 1,2-diiodoperfluoroethane in the DAC chamber at 

443 K (A) and 383 K (B).  

After measurement the ICF2CF2I was loaded to the DAC again and then pressurized to 0.86 GPa, a 

single crystal was obtained by heating and cooling the DAC.  However, during the cooling on the 

3
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surface of single crystal some additional dendritic crystals appeared (Figure 3). The measurement was 

performed on this single crystal. 

 

 

 

 

 

 

 

 

 

 

Figure 3. The pressure-crystallized single crystal of 1,2-diiodoperfluoroethane at 453 K (A); and at 

296 K/0.86 GPa (B) with small dendritic forms developed on the upper crystal face.  

1-Bromo-2-iodotetrafluoroethane froze at 0.30 GPa, then the pressure was increased to 0.60 GPa. The 

single-crystal was obtained by heating and cooling the DAC. The defects visible on the sample surface 

self-repaired while cooling the DAC till room temperature in the process of self-repair of the crystal 

morphology (Figure 4 A-D). This sample was used for the diffraction measurement, after which the 

DAC was heated again and the pressure increased to 1.10 GPa (Figure 4E). After the data collection 

pressure was further increased to 3.50 GPa (Figure 4F) and the x-ray data measured again. 
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Figure 4. 1-Bromo-2-iodotetrafluoroethane single-crystal pressure freezing in the DAC chamber: 443 K 

(A); 393 K (B); 373 K (C); and at 296 K/0.6 GPa (D). Analogously obtained single crystals at 1.1GPa 

(E) and 3.5 GPa (F) at room temperature. Two ruby chips for pressure calibration are placed one below 

the chamber center and other at its upper edge. 

Pressure in the DAC was calibrated by ruby-fluorescence method10,11, using a Betsa PRL 

spectrometer, with an accuracy of 0.05 GPa. The single-crystal X-ray diffraction studies have been 

carried out with a KUMA KM4-CCD diffractometer. The CrysAlis version 1.171.24 software12 was 

used for the data collections13 and the preliminary reduction of the data. After the intensities were 

corrected for the effects of DAC absorption, sample shadowing by the gasket, and the sample 

absorption14, the diamond reflections have been eliminated. The systematic absences unequivocally 

showed that the crystals are monoclinic in space group P21/n. All structures were solved 

straightforwardly by direct methods15, and refined by full-matrix least-squares16. Anisotropic 

5
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temperature factors were generally applied, but where the anisotropic refinement resulted in non-

positive definite ellipsoids, isotropic thermal parameters were retained. The crystal data and the 

structure refinement details are listed in Table 1. Structural drawings were prepared using the X-Seed 

interface of POV-Ray17,18. 

 

Table 1. Crystal data and details of structure refinement for BrCF2CF2Br, CF2ICF2I and BrCF2CF2I. 
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  BrCF2CF2Br ICF2CF2I  BrCF2CF2I   

Pressure (GPa)  1.03(5) 0.16(5) 0.86(5) 0.60(5) 1.00(5) 3.50(5) 

Temperature 
(K) 

 296(2) 296(2) 296(2) 296(2) 296(2) 296(2) 

Formula 
weight 

 259.84 353.82 353.82 306.83 306.83 306.83 

Wavelength 
(Å) 

 0.71073 0.71073 0.71073 0.71073 0.71073 0.71073 

Crystal system  Monoclinic Monoclini
c 

Monoclinic Monoclinic Monoclinic Monoclinic 

Space group  P21/n P21/n P21/n P21/n  P21/n  P21/n  

Unit cell 
dimensions 
(Å,°) 

a 

b 

c 

β 

5.768(1) 

6.078(1) 

8.080(1) 

107.01(3) 

6.563(2) 

6.293(4) 

8.935(6) 

106.47(5) 

6.4133(13) 

5.9350(12) 

8.4792(17) 

103.68(3) 

6.1357(12) 

6.1449(12) 

8.3967(17) 

108.30(3) 

5.9698(12) 

6.1503(12) 

8.2360(16) 

108.58(3) 

5.7683(12) 

6.0823(12) 

8.0112(16) 

109.92(3) 

Volume (Å3)  270.88(9) 353.8(3) 313.58(11) 300.57(10) 286.63(10) 264.26(9) 

Z  2 2 2 2 2 2 

Calculated 
density (g/cm3) 

 3.186 3.321 3.747 3.390 3.555 3.856 

Absorption 
coefficient 
(mm-1) 

 14.936 8.868 10.006 11.950 12.531 13.592 

F(000)  236 308 308 272 272 272 

Crystal 
diameter/height 
(mm) 

 0.36/0.07 0.39/0.07 0.46/0.06 0.41/0.09 0.37/0.09 0.36/0.08 
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θ-range for 
data collection 
(˚) 

 4.27 to 29.53 3.43 to 
30.08 

3.60 to 
28.63 

3.63 to 28.66 3.71 to 
29.39 

3.81 to 
29.66 

Min/max 
indices: 

h, k, l 

 -6/6;-7/7;-7/8 -9/9, -5/5, -
10/10 

-8/8, -1/1, -
11/11 

-8/8,-8/8,-
4/4 

-8/8,-7/7,-
8/8 

-6/6,-7/7,-
10/10 

Reflect. 
Collected/ 
unique (Rint) 

 2085/342 

(0.0505) 

2575/436 

(0.0409) 

1107/197 

(0.1967) 

2252/225 

(0.0617) 

2216/362 

(0.0594) 

1960/330 

(0.0969) 

Completeness 
(to θmax) (%) 

 45.2  

(to 29.53˚) 

42  

(to 30.08˚) 

24.5  

(to 28.63) 

29.0 

(to 28.66) 

45.7 

(to 29.39) 

44.4  

(to 29.66) 

Refinement 
method 

 Full-matrix 
least-squares 
on F2 

Full-matrix 
least-
squares on 
F2 

Full-matrix 
least-
squares on 
F2 

Full-matrix 
least-squares 
on F2 

Full-matrix 
least-
squares on 
F2 

Full-matrix 
least-
squares on 
F2 

Data/restrains/
parameters 

 342/0/38 436/9/47 197/0/32 225/1/18 362/0/38 330/0/38 

Goodness-of-
fit on F2 

 1.139 1.238 1.429 1.082 1.192 1.171 

Final R1/wR2 
(I>2σ1) 

 0.0495/0.1138 0.0569/0.1
304 

0.1302/0.30
29 

0.1166/0.267
0 

0.0618/0.1
153 

0.0596/0.1
762 

R1/wR2 (all 
data) 

 0.0564/0.1180 0.0844/0.1
446 

0.1335/0.31
07 

0.1240/0.273
4 

0.0722/0.1
234 

0.0692/0.1
991 

Weighting 
scheme 

 w=1/(sigma2(
Fo2)+(0.0739
*P)2+0.24*P), 
where 
P=(Max(Fo2,0
)+2*Fc2)/3 

w=1/(sigm
a2(Fo2)+(0.
0486*P)2+
1.11*P), 
where 
P=(Max(F
o2,0)+2*Fc
2)/3 

w=1/(sigma
2(Fo2)+(0.2
000*P)2+1.
11*P), 
where 
P=(Max(Fo
2,0)+2*Fc2)
/3 

w=1/(σ2(Fo2

)+( 
0.1087*P)2+
12*P), 
where 
P=(Max 
(Fo2,0)+2*F
c2)/3 

w=1/(σ2(Fo
2)+(0.0455
*P)2+2.48*
P), where 
P=(Max(F
o2,0)+2*Fc
2)/3 

w=1/(σ2(Fo
2)+( 
0.1199*P)2

+2.30*P), 
where 
P=(Max(F
o2,0)+2*Fc
2)/3 

Largest diff. 
peak and hole 
(e.Å-3) 

 0.322/-0.443 0.408/-
0.318 

1.680/-
1.373 

0.825/-0.959 0.620/-
0.575 

1.438/-
1.361 

 

 

Results and Discussion 
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Structure of 1,2-dibromoperfluoroethane. The pressure-crystallized BrCF2CF2Br is isostructural 

with the crystal obtained by cooling8. At 1.03 GPa/296 K the molecules each forming two shortest 

Br···Br contacts of 3.872(2) Å are arranged into endless chains along the [100] direction and the next 

four short contacts arrange molecules into layers along the (101) crystal plane. The Br···Br interaction in 

low-temperature phases are longer and the shortest distance between Br atoms is of 4.04 Å8. According 

to Nyburg & Faerman19 the van der Waals radius of Br is anisotropic, and it is shorter along C-Br bond 

than perpendicular to it. The shorter radius of Br is 1.54 Å, and the longer radius is 1.84 Å. Thus the Br-

atoms in CF2BrCF2Br interact along their longer radii. These chains interact via Br···F contacts of 

3.221(8) Å along the (101) plane. The BrCF2CF2Br molecules in both low-temperature and high-

pressure structures are ordered. 

 

1,2-Diiodoperfluoroethane: in its crystal structure at 0.16 GPa and 296K the molecules are 

disordered in this way, that the positions of iodine atoms are well defined and the –CF2–CF2– group 

rotating about the I···I intramolecular axis. In this structure the shortest I···I contacts of 4.212(2) Å are 

formed between molecules arranged into layers along (101) planes and the next short contact arranges 

molecules into chains along the [110] direction, as shown in Figure 5. In the terms of anisotropic van 

der Waals radii19, the I-atoms form the I···I contacts of 4.212(2) Å along their major and minor radii, 

i.e., the C–I···I angles are between 68 ° and 96 °on one side, and between 139 ° and 168 °on the other, 

respectively ( for disordered –CF2–CF2– moiety). 
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Figure 5. The molecular packing and short I...I interaction patterns in 1,2-diiodotetrafluoroethane at 

0.16 GPa/296 K (A) and 0.86 GPa/296 K (B). The I...I short contacts along (101) plane are indicated as 

blue dashed lines and these along [110] direction as the orange dashed lines. In drawing (A) all the sites 

of disordered C and F atoms have been shown. 

At 0.86 GPa the orientation of the ICF2CF2I molecules becomes ordered. The pattern of 

intermolecular short contacts is almost the same as at 0.16 GPa, but the intermolecular distances 

between I atoms are 3.890(2) Å along the (101) plane and 4.552(11) Å along [110] direction. Also 

another I···I contact of 4.287(11) Å along [010] direction, squeezed by about 0.5 Å compared to that at 

0.16 GPa becomes shorter than the sum of van der Waals radii. Surprisingly, the I···F and F···F distances 

become slightly longer at 0.86 GPa than at 0.16 GPa. The molecular packing and I···I interaction pattern 

are shown in Figure 5. 

9
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Crystal structure of 1-bromo-2-iodoperfluoroethane. In the structure of BrCF2CF2I the I- and Br-

atoms are substitutionally disordered both with equal occupancies. This monoclinic phase, with the I- 

and Br-atoms disordered, in all the range investigated remains stable till 3.4 GPa. 

The molecular packing in the pressure-crystallized structures of BrCF2CF2I  is governed by the 

intermolecular interactions of (Br/I)-atoms. The molecules, each forming four short (Br/I)···(Br/I) 

contacts of 4.088(11) Å at 0.6 GPa, are arranged into corrugated layers along the (101) crystal plane, 

and the next two shortest contact of 4.257(8) Å bind the molecules into endless chains along the [100] 

direction. At 1.10 GPa these distances are squeezed to 4.059(2) Å and 4.067(2) Å, and at 3.4 GPa to 

3.964(2) Å and 3.876(3) Å, respectively. However the three-dimensional pattern of intermolecular 

interactions, presented in Figure 6, remains unchanged in this pressure range.  

 

 

 

Figure 6. The (Br/I)···(Br/I) interactions in the structure of 1-bromo-2-iodoperfluoroethane at 3.4 GPa. 

The Br(I)···Br(I) short contacts along [100] chains have been indicated by red dashed lines, those along 

the (101) planes by blue dashed lines. 

Pressure only slightly affects the C-(Br/I)···(Br/I) angles, they all become smaller with increasing 

pressure. The directions of interactions can be referred to the concept of anisotropic van der Waals radii 

of halogen atoms19, the interaction forming chains are inclined by about 90° to the (Br/I)-C bond i.e. 
10
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along the major van der Waals radius, and the C-(Br/I)···(Br/I) angles within the (101) planes are of 

about 95° and 140°, thus along the major and along an intermediate between minor and major radii. The 

(Br/I)···F contacts are all longer than the sum of van der Waals radii of Br and F20 at 0.6 GPa (Table 3), 

but above 1.1 GPa these contacts become shorter than this sum. This confirms that this structure of 

BrCF2CF2I is tightly packed, and that there are no spaces left for the -CF2-CF2- disordering. The 

shortest (Br/I)···F contacts arrange the molecules into layers along the (101) planes, and the next 

shortest contacts into run along the [010] direction. 

The intermolecular contacts of the BrCF2CF2Br, ICF2CF2I and BrCF2CF2I molecules have been 

illustrated on their Hirshfeld surfaces21,22 in Figure 7. The molecular arrangements and interactions, 

illustrated by these drawings are very similar for the BrCF2CF2Br, ICF2CF2I and BrCF2CF2I crystals, 

which is consistent with their isostructurality. It can be observed, that the molecules interact most 

strongly with the terminal Br and I atoms, and that the interactions of the F atoms are considerably 

weaker. 

 

Figure 7. Intermolecular interactions of BrCF2CF2Br at 1.03 GPa(A), ICF2CF2I at 0.16 GPa (B) and 

BrCF2CF2I at 0.60 GPa (C) and at 3.40 GPa (B) at room temperature represented by a color scale on the 

Hirshfeld surface21,22. The property mapped onto the surface is the distance from its element to the 

nearest exterior and it ranges from 1.40 Å (red) to 2.25 Å (blue) in the pictures. In drawing (B) all the 

sites of disordered atoms have been included. 
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The –CF2–CF2– disorder in ICF2CF2I. The different types of disorder can be explained by the 

intermolecular interactions. In all structures the patterns formed by short contacts are very similar. The 

unit-cell dimensions and intermolecular distances are listed in Tables 2 and 3. The two of three shortest 

contacts of each Br, I and (Br/I) atoms form in all structures the same patterns, and the next short 

contact in ICF2CF2I at 0.16 GPa runs along [110] direction, at 0.86 GPa along [010], in BrCF2CF2Br 

and BrCF2CF2I along [100]. At pressure of 0.86 GPa in ICF2CF2I the shortest I···I contacts are 

significantly squeezed. However, the differences between the three shortest contacts are much smaller 

in BrCF2CF2Br and BrCF2CF2I, than in ICF2CF2I. The interactions along [100] in BrCF2CF2Br and 

BrCF2CF2I, and these along [010] in ICF2CF2I at 0.86 GPa, which are absent in the ICF2CF2I at 

0.16 GPa, can be responsible for ordering the -CF2-CF2- groups. A similar role can be played by the 

Br···F and (Br/I)···F interactions, which are about 0.2 Å shorter than the shortest of I···F in ICF2CF2I. 

The (Br/I) disorder in BrCF2CF2I. The differences between van der Waals radii of Br and I atoms23 

are of about 0.2 Å (1.95 Å for Br vs. 2.15 Å for I), and the differences between C-Br (1.91 Å) and C-I 

(2.16 Å) bond length is of about 0.25 Å21. It is reasonable to assume, that the BrCF2CF2I molecule 

disordered in two orientations (i.e. BrCF2CF2I and ICF2CF2Br) occupies the space limited by the 

midpoints of the shortest (Br/I) contacts, as shown in Figure 8A. This assumption would imply that in 

the averaged structure the C and F atoms should be shifted by approximately 0.45 Å along the 

(Br/I)···(Br/I) molecular axis. Indeed, these thermal ellipsoids are elongated along the (Br/I)···(Br/I) 

molecular axis, as illustrated in Figure 8. However, the ellipsoids of C and F atoms are also significantly 

elongated in the direction approximately perpendicular to molecular plane (Figure 8C). It can be 

deducted that the two disordered sites of the molecule are not coplanar, but they are inclined by about 

50° (as assessed from the amplitudes of the thermal ellipsoids) one to the other in the way indicated in 

Figure 8C. 
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Figure 8.(A)The geometric reconstruction of the shifts of C atoms two BrCF2CF2I molecules (viewed 

along their molecular plane) orientationally disordered in this way that they fill the space between the 

midpoints of the shortest contacts to their neighbors, (the F atoms are omitted for clarity), based on the 

van der Waals radii and C-C, C-Br and C-I bond lengths; (B) the of thermal ellipsoids along the 

molecular plane, drawn at 50% probability level, observed at 3.4 GPa/296K; and (C) the ORTEP view 

of the molecule drawn perpendicular to its plane. The two positions of the disordered molecule in 

drawing (A) have been indicated one by red color and the other by blue. 

Isostructural crystallization of BrCF2CF2Br, BrCF2CF2I and ICF2CF2I. 1-Bromo-2-

iodoperfluoroetane, 1,2-dibromoperfluoroethane and 1,2-diiodoperfluoroethane all crystallize in 

monoclinic space group P21/n, with the molecules in s-trans conformation located at the inversion 

centres (Figure 9). It is surprising that despite their isostructurality the molecules behave differently. 

The BrCF2CF2Br structure is completely ordered, in ICF2CF2I the -CF2-CF2- moiety rotate about I···I 

molecular axis at 0.16 GPa, but it is ordered at 0.86 GPa, and in the BrCF2CF2I structure the Br and I 

atoms are disordered and occupy the same site. It has been shown for ICF2CF2I, that the disorder of –

CF2–CF2– moieties can be eliminated by increasing pressures. BrCF2CF2I is the only structure in this 
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series with two different halogen atoms substitutes at the 1,2-sites. A similar type of disorder was 

recently found in the crystals of CH2BrCl24 and CH2ClI25. It should be still clarified if this substitutional 

disorder in the perfluoroethanes can be controlled by thermodynamical conditions.  

 

 

 

 

 

 

 

 

 

 

 

Figure 9. ICF2CF2I (blue), BrCF2CF2I (green) and BrCF2CF2Br (red) unit cells and structures projected 

along [010] and superimposed. The unit-cell dimensions of  ICF2CF2I have been adjusted to possibly 

precisely overlay the adjust of  the unit cell. The applied scaling factor was: 0.88:1.00, respectively. 

Table 2. Comparison of unit-cell dimensions of high-pressure structures of haloperfluoroethanes. 

 BrCF2CF2I ICF2CF2I BrCF2CF2Br

P (GPa)/T (K) 0.6/296 1.1/296 3.4/296 0.16/296 0.86/296 1.03/296 

Space group P21/n P21/n P21/n P21/n P21/n P21/n 

a (Å) 

b (Å) 

c (Å) 

β (deg) 

6.1357(12) 

6.1449(12) 

8.3967(17) 

108.30(3) 

5.9698(12) 

6.1503(12) 

8.2360(16) 

108.58(3) 

5.7683(12) 

6.0823(12) 

8.0112(16) 

109.92(3) 

6.563(2) 

6.293(2) 

8.935(6) 

106.47(5) 

6.4133(13) 

5.9350(12) 

8.4792(17) 

103.68(3) 

5.768(1) 

6.078(1) 

8.080(1) 

107.01(3) 
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Table 3. Comparison of halogen···halogen interaction geometry in high-pressure structures of 

haloperfluoroethanes (X=Br, I or Br/I). 

 BrCF2CF2I ICF2CF2I BrCF2CF2Br

p (GPa)/T (K) 0.6/296 1.1/296 3.4/296 0.16/296 0.86/296 1.03/296 

X···Xi(Å) 

X···Xii(Å) 

X···Xiii(Å) 

X···Xiv(Å) 

X···Xvi(Å) 

 

4.257(8) 

4.088(11) 

4.088(11) 

 

4.067(2) 

4.059(2) 

4.059(2) 

 

3.876(3) 

3.964(2) 

3.964(2) 

4.716(3) 

 

4.212(2) 

4.212(2) 

4.552(11) 

 

3.890(2) 

3.890(2) 

4.287(11) 

 

3.872(2) 

4.014(2) 

4.014(2) 

X···Fv(Å) 

X···Fiv(Å) 

X···Fvi(Å) 

X···Fvii(Å) 

X···Fii(Å) 

3.339(80) 

 

3.400(27) 

3.288(12) 

 

3.343(7) 

3.163(13) 

 

3.294(7) 

3.441(3) 

3.458(51) 

 

3.513(52) 

3.564(16) 

 

 

3.594(77) 

3.554(30) 

3.221(8) 

 

3.328(4) 

F···Fviii(Å) 3.47(11) 3.171(24) 2.924(24) 2.628(51) 2.663(54) 3.010(9) 

C-X···Xi (°) 

 

 

C-X···Xii (°) 

 

 

C-X···Xiii (°) 

 

 

C-X···Xiv (°) 

 

 

C-X···Xvi (°) 

C-X···Fv (°) 

 

 

 

90(1) 

 

 

101.1(4) 

 

 

142(1) 

 

 

 

149(1) 

 

 

 

87.2(6) 

 

 

97.5(6) 

 

 

141.5(6) 

 

 

 

147.6(8) 

 

 

 

86.9(5) 

 

 

95.6(4) 

 

 

138.0(5) 

 

 

 

146.4(5) 

136.0(1) 

149.55(79) 

121.53(29) 

 

 

 

96.29 (73) 

68.00 (32) 

89.35 (77) 

139.41(43) 

146.62(77) 

168.30(61) 

 

153(1) 

115 (1) 

 

 

 

 

 

85(2) 

 

 

174(2) 

 

 

82 (2) 

133(2) 

 

 

 

89.5(2) 

 

 

98.8(2) 

 

 

139.0(2) 

 

 

 

148.4(2) 
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C-X···Fiv (°) 

 

 

C-X···Fvi (°) 

C-X···Fvii (°) 

 

 

C-X···Fii (°) 

 

 

 

 

 

99(1) 

 

 

 

 

 

98.4(5) 

 

 

 

 

 

96.0(4) 

125.34(85) 

141(1) 

138(1) 

117.40(91) 

143(1) 

 

104.26(82) 

133(1) 

120(1) 

 

 

 

 

 

 

94(1) 

 

 

164(3) 

 

 

 

 

 

96.7(3) 

 

Symmetry codes: i: 2-x,2-y,-z; ii: 2-x,1-y,-z; iii: 1.5-x,y-0.5,-z-0.5; iv: 1.5-x,y+0.5,-z-0.5; v: 0.5+x,1.5-y,z-0.5; vi:  1-x,2-y,-z; vii: 

x,y+1,z; viii1.5-x,0.5+y,0.5-z 
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