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Ab initio calculations of isotope reduced partition function ratios (-factors) and
separation factors of isotopes of silicon and boron in the systems fluoride of the
element — its complex with organic solvent have been carried out. These systems
are used for separation of isotopes of boron and silicone by the method of chem-
ical exchange rectification (chemical isotope exchange method with thermal phase
reversal).

It has been shown that usual ab initio calculations of vibrational frequencies
of the fluoride of boron or silicon and their complex with solvent cannot predict
experimental values of isotope separation factor. For the correct description it is
necessary to take into account the polarizing effect of solvent on the complex. To
study this effect the Polarized Continuum Model (PCM) has been used. In all
cases our theoretical results corresponded quite well with experimental results for
the systems previously studied. This result opens up possibility of directed search
for systems suitable for separation of isotopes by the method of chemical exchange
rectification.

Introduction

Development of effective method for separation of isotopes of silicon is of great
importance. The problem is that natural silicon, which consists mostly of isotope
2851 (92.2297 at.%), also contains isotopes 2’Si (4.6832 at.%) and *°Si (3.0872 at.%).
Using of silicon with natural isotope composition as a material for microelectronics
the presence of a mixture of isotopes in the crystal leads to a decrease of thermal

conductivity, which increases the heat dissipation in processors and other chips.
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Thus purification of silicon not only from chemical impurities but also of 2Si and 3°Si
is an important topical problem able to achieve a breakthrough in microelectronics.

Isotopes of boron are widely used in various fields of science and technology
because of strong differences in their nuclear properties (the absorption thermal
neutron cross-section for nuclides °B and B differs by 80000 times). Main ap-
plication of nuclide B is nuclear power (control rods and coatings that protect
against neutron radiation). Is used and the isotope ''B (neutron diffraction studies,
microelectronics etc.). Isotope effects of boron in nature are used as a method of
research in geochemistry [1].

The most inexpensive and effective method of isotope separation is chemical
isotope exchange, in particular — chemical exchange rectification (chemical isotope
exchange method with thermal phase reversal). In the process of isotope separation
by method of chemical exchange rectification exchanging chemical forms are gaseous
volatile compound containing target isotope, and solution of labile complex of this
substance in non-volatile! (as a rule, organic) solvent. Compared with systems
using chemical reversal of the flow, chemical exchange rectification characterized by
simplicity of implementation, absence of dump and several other advantages and
compared with the usual rectification — high value of isotope separation factor.

The aim of this work was to develop the method for ab initio calculation of
isotope separation factor in the system using chemical exchange rectification, that
will allow for the prediction and the direct search for promising systems for isotope

separation.

Adducts of silicon tetrafluoride and boron trifluo-
ride and possibility of their use in the systems with

chemical exchange rectification

Silicone tetrafluoride forms adducts with various substances containing the donor
atom (N or O) [2]. Silicone atom in the molecule can increase its coordination
number to 5 or 6 using two (of five) vacant d-orbitals.

Boron trifluoride forms complexes with various compounds containing donor

Lat the temperature of the process



atom of oxygen (Fig.1) or nitrogen [3]. Ethers [4], especially anisole [5] are used in
practice for separation of isotopes of boron. Now search for complex-forming solvents
more effective from practical and economical points of view is carried out. In par-
ticular, systems using complexes of BF3 with trialkylphosphates and nitromethane
are under study |[6].

Adducts with oxygen-containing substances (donor atom
0)
Complexes of silicon tetrafluoride with aliphatic alcohols

Silicone tetrafluoride is readily soluble in aliphatic alcohols. It was previously as-
sumed that it forms complexes of type SiF4-4ROH |7], connected by strong hydrogen
bonds H- - -F, with tetrahedral coordination of silicon atoms is not changed. But ab
initio calculations of complexes of SiFy with alcohols consistently indicate that com-
plexes with coordination number 6 in which two molecules of alcohol coordinated by
silicon atom via oxygen atom (see Fig.2) are more stable than “hydrogen-bonded”
complexes.

The evident advantage of alcohols is lability of SiF4—alcohol complexes, which
provides good kinetics of process of chemical exchange rectification. Therefore alco-
hols attracted the attention of researchers, and in series of papers [8-10] the results
presented in Tab.1 were obtained. As can be seen from the Table, chemical exchange
rectification in the system SiFy(gas) — SiF, - 2ROH(liq.) provides high isotope sep-
aration factors. These values are approximately an order of magnitude exceed the

separation factors to be achieved by other methods.

Table 1. Experimental values of In aiag 3¢ in sys-
tems SiFy (gas) — SiF4-2ROH(liquid), measured
by single equilibration method

Alcohol |T, K |Ina Alcohol T, K|Ina

CH3OH {293 |0.022 [8] CsH1,OH 277 1 0.040 [9]

CoH50H | 293 | 0.016 [8] 293 | 0.017+0.010 [10]
297 | 0.020 [9] CgH130H 293 | 0.017 £0.010 [10]

CsH7OH | 297 | 0.020 [9] 293 | 0.039 [10]

C4HoOH | 270 | 0.034 [9] CgH{7;OH 293 | 0.01940.020 [10]
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277 | 0.031 [9] is0-CsH;OH | 293 [ 0.010 [8]
293 | 0.017£0.004 [10] | is0-C5H;OH | 297 | 0.007 [9)]
206 | 0.024 [9] sec-C4HgOH | 297 | 0.009 [9]
297 | 0.024 [9]
302 | 0.021 [9]

Today all works on using alcohols as a complex-forming solvents for chemical
exchange rectification are experimental, search for systems with high separation
factors is purely empirical. Reason for this is that the ab initio calculation of isotope
separation factors in such systems gives the results are far from those obtained
experimentally.

From our point of view, this is due to the fact that ab initio calculation of isotope
separation factors in the system SiF (gas) — complex SiF4-alcohol (lig.) ignored

the effect of solvation.

Adducts of silicone tetrafluoride with other oxygen-containing sub-

stances

Silicone tetrafluoride forms weak complexes with acetylacetone and tropolone, as
well as somewhat more stable complexes of 1:2 type with oxymethylene, oxetane,
tetrahydrofurane (THF), tetrahydropyran, dimethyl ether etc., stable in solutions
at low temperatures [2].

The most stable among these substances, SiF,-2(CHs)30 (AHY for the reaction
SiF4-2 ligand (solid) = SiF,(gas) + 2 ligand (gas) is 56.9 kJ /mol) exists up to 13.6°C,
others are stable only at the temperatures below 0°C.

In addition, silicone tetrafluoride forms very stable 1:2 complexes with pyridine-
N-oxide, dimethylamine-N-oxide, trimethylphosphine oxide, tricyclohexylphosphine
oxide, dimethylformamide and dimethyl sulfoxide. These compounds are white mi-
crocrystalline substances with melting point above 110°C, insoluble in non-polar
organic solvents. These complexes are too stable and therefore unsuitable for sepa-

ration of isotopes by the method of chemical exchange rectification.



Adducts of SiF, and BF; with ammonia and amines (nitrogen as a

donor atom)

Silicone tetrafluoride forms strong complexes with ammonia and amines, in which
one SiFy molecule bonded with two (rarely one) donor atoms of nitrogen. Most of
these complexes are solid substances soluble in organic solvents and stable at room
temperature.

The use of these adducts can provide significant isotope separation factor in the
system SiF4(gas) — complex of SiFy (lig.), but complexes with N-donor ligands are
unsuitable for separation of isotopes of silicon by the method of chemical exchange
rectification, because they are too stable compounds and therefore promise bad

kinetics of isotope exchange.

Ab initio study of complexes of silicone tetrafiuo-

ride and boron trifluoride

All ab initio computations were performed using the PC GAMESS? [11,12] program.
For basis set search we have performed preliminary calculations of equilibrium ge-
ometric parameters and vibrational frequencies for molecules SiF, and BF3 using
various bases (see Tab.2). As one can see from Tab.2, contrary to the expected,
introduction of polarization and diffuse functions does not improve the agreement
between the experimental and calculated results. Accordingly, we have used bases
RHF/6-311 and MP2/6-311. [-factors and isotope separation factors have been
calculated as usual (see [13]|). Results of calculation of g-factors for a number of
complexes of SiF, and BF3 with organic solvents are presented in Tab. 3 while in
Tab. 4 we have presented calculated isotope separation factors together with exper-

imental data.

Table 2. Vibrational frequencies (cm™!) and
bond lengths (A) in molecules SiF, and BF3, cal-
culated by ab initio methods using various bases.
(In brackets we present the degeneracy of corre-

sponding frequency)
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SiFy

Exp. [14] | RHF/6- | MP2/6-311 | RHF /6- MP2/6-
311 311++4+G* | 3114++G*
v1(1) 800 834 773 846 781
15(2) 264 269 251 281 262
v3(3) 1014.4 1078 1012 1083 1013
v4(3) 386.35 401 375 412 383
r(Si-F) 1.555 1.5458 1.5739 1.5429 1.5700
BF;
Exp. [14] | RHF/6- | MP2/6-311 | RHF/6- MP2/6-
311 3114++G* | 311++G™
(1) 888 942 877 950 888
vo(1) 696.7 744 698 741 695
v3(2) 1463.3 1550 1450 1557 1459
v4(2) 480.7 502 470 510 476
r(B-F) 1.3110 1.2922 1.3137 1.2925 1.3123
Table 3. Effect of solvent and basis on In  values
of complexes SiF, and BF3 (T=300K)
Molecule RHF/6- MP2/6- | RHF/6- MP2/6-
311 311 311++4+G* | 311++G*
Substitution 2*Si/30Si
SiF:rL 0.0889 0.0805 0.0898 0.0810
SiFy - 2CH3OH 0.0716 0.0659 0.0695 —
PCM 0.0648 0.0610 — —
SiFy - 2C,H;OH 0.0713 0.0656 0.0692 —
PCM 0.0656 0.0609 — —
SiFy - 2C3H;OH 0.0713 — — —
SiFy - 2i-C3H;OH | 0.0699 — — —
SiF, - 2acetone 0.0692 0.0637 — —
PCM 0.0677 0.0578 — —
SiF, - 2THF 0.0699 0.0646 — —




PCM 0.0657 — — —
Substitution 1°B/1'B

BF3 0.2417 0.2199 0.2429 0.2213
BF'3 - anisole 0.2304 0.1899 — —
PCM 0.2012 0.1852

BF';5 - acetone 0.2058 0.1895 — —
PCM 0.2055 0.1840 — —
BF3 - CH3NO, 0.2350 0.2059 0.2369 0.2092
PCM 0.1968 0.1802 0.2005 0.1832
BF; - THF 0.2090 0.1930

PCM 0.2042 0.1871

BF;3 - NH; 0.2127 0.1972 0.2127 0.1956
BF3 - aniline 0.2101 0.1944 — —
PCM 0.2096 0.1884 — —

"Value of In 3 for SiF4, estimated from experimental frequen-

cies 1s 0.082 at 300K

Table 4. Effect of solvent and basis on separa-
tion factors (Ina, T—300K) in the system SiF,
(gas) — complex of SiFy (liq.) and BFj (gas) —

complex of BF3 (liq.)

Molecule Exp. RHF/6- | MP2/6- | RHF/6- | MP2/6-
311 311 311++G*| 311+4+G**
Substitution 28Si/3VSi
SiFy - 2CH3OH | 0.022 [8] 0.017 0.015 0.020 —
PCM 0.024 0.020 — —
SiFy - 2C,H50H | 0.016— 0.018 0.015 0.021 —
0.020 [8,9]
PCM 0.023 0.020 — —
SiFy - 2C3H7OH | 0.020 [9] 0.018 — — —
SiFy - 2i-C3H;OH 0.019 — — —
SiF, - 2acetone 0.020 0.017 — —
PCM 0.021 0.023 — —




SiF4 - 2THF 0.019 0.016 — —
PCM 0.023 — — —
Substitution °B/1'B

BF3 - anisole 0.030 [6] 0.011 0.030 — —
PCM 0.041 0.035 — —
BFj - acetone 0.036 0.030 — —
PCM 0.036 0.036 — —
BF3 - CH3NO, 0.044 |6] 0.007 0.014 0.006 0.012
PCM 0.045 0.040 0.042 0.038
BF; - THF 0.042 |4] 0.033 0.027

PCM 0.038 0.033

BF3 - NHj 0.029 0.023 0.030 0.026
BF; - aniline 0.032 0.026 — —
PCM 0.032 0.032 — —

Account for the effect of solvate

When calculating the vibrational frequencies and J-factors of molecules in solution,
effect of electrostatic interaction with solvent on solute molecule is usually neglected.
In most cases (solutions in non-polar solvents etc.) this approach is quite reasonable.
However, when solvent is polar and molecule of solute includes polar bonds, influence
of solvent on solute molecule may be important. To study this issue with respect to
complexes of SiF, and BF3 we have used continuum model of solvation.

Continuum models of solvation form a cavity containing the solute molecule,
while the solvent outside the cavity is thought of as a continuous medium and is
categorized by some physical data (the dielectric constant etc.). The electric field of
the charged particles comprising the solute interact with this background medium,
producing a polarization in it, which in turn feeds back upon the wavefunction of
the solute.

Currently one of the best models of this type is Polarizable Continuum Model
(PCM) [15-17].

This method places a solute in a cavity formed by a union of spheres centered on



each atom. Compared with other models, PCM model also includes a more exact
treatment of the electrostatic interaction with the solvent, as the electrostatic poten-
tial of the solute generates an “apparent surface charge” on the surface of the cavity.
The computational procedure divides this surface into small tesserae, on which the
surface charge (and contributions to the gradient) are evaluated. Procedures are
provided not only for the computation of the electrostatic interaction of the solute
with the apparent surface charges, but also for the cavitation energy, and dispersion
and repulsion contributions to the solvation free energy.

PCM model is implemented in the program PC GAMESS (second order Mgller-
Plesset perturbation theory (MP2) — starting with version 7.1). Recently, this
model has been successfully applied for theoretical calculation of separation factor
of iron isotopes in the system Fe*™ —Fe?* [18].

In PCM model solvent characteristics are effective radius of solvent molecule
(RSOLV) and dielectric constant (EPS). Calculation of some additional properties
in case of non-polar solvents (were not calculated in this study) requires also data
on square of the zero frequency refractive index, thermal expansion coefficient, mo-
lar volume, surface tension and its thermal coefficient, and the so called “cavity
microscopic coefficient”, usually taken to be zero.

Currently the data for following solvents studied in this work are initially
stored in GAMESS program: CH3OH, CoH;O0H, CH3NO,, CgH;NH,, acetone
and tetrahydrofurane. For anisole we have used the following values: EPS=4.30,
RSOLV - 2.83A.

Results of calculations using the PCM model are shown in Tab.3. As one can see
from this table, the effect of solvent on value of In 3 and isotope separation factors
in systems with complexes of SiFy and BF3 is decisive. So, for the isotope exchange
of SiFy with methanol complex SiF,4-2CH30H without taking into account the effect
of solvent at 300K ab initio calculation predicts separation factor In awg/30=0.017,
while taking into account the effect of solvent predicts In ag/30(PCM)—0.024. Ac-
cordingly, for complex with ethanol In ag/30—0.018, In apg/30(PCM)—0.023.

For complexes of SiFy account for the effect of solvent with the use of the PCM
model increases bond length Si—F. Simultaneously, bond lengths Si—O (or Si—N)
decrease (see Tab.b). As for vibrational frequencies, they decrease, that leads to

decrease of the In 3 value. Similar effect is observed in the case of the complexes of



BF;.
Table 5. Bond lengths Si—F, B—F, Si—O and

B—O and vibrational frequencies (cm™!). This
table shows only the frequencies of ?Si and ''B

isotopic forms which contribute more than 5% to
overall value of In § at 300K

MP2/6-311 PCM MP2/6-311

SiFy - 2Co,HsOH | 504(12%), 869(31%), | 484(15%), 828(32%),
892(31%) 836(24%), 853(10%)
r(Si—F)-1.659-1.663A | r(Si—F)1.6681.669A
r(Si—0)=1.914A r(Si—0)=1.883A

BF; - anisole 606(7%), 1238(7%), | 653(6%), 854(6%),
1248(32%),  1301(21%), | 1179(7%), 1187(9%),
1323(22%) 1198(20%),  1232(18%),

1259(23%)

r(B-F)=1.350-1.365A | r(B-F)=1.3611.372
r(B—0)=1.698A r(B—0)=1.622

Disadvantage of alcohols for separation of isotopes of silicon is their possibility
to react with silicon tetrafluoride giving compounds with siloxane bond following
by formation of a complex. In this regard, the practice is to use alcohols with high
molecular masses (Cy —C7). In [9] is reported that alcohols of normal structure
provide a higher separation factor than the alcohols with a branched carbon chain.
However, this result is confirmed neither by results of calculations presented in Tab.3
nor by measurements of separation factor in isotope exchange countercurrent column
in the same work [9]. Isotope separation factor of silicon in the system SiF,(gas) —
SiFy - 2ROH(lig.) is almost independent of R. This makes it possible to choose a
complex-forming solvent based only on technological considerations.

It is also evident that the use of tetrahydrofurane and acetone as complex-forming
solvent gives the same separation factor, as well as alcohols. It draws attention to
the search for promising systems for isotope separation, not confining ourselves to

only alcohols as complex-forming solvents.
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Conclusion

As seen from the stated above, ab initio methods can be very useful for assessment
of influence of different ligands within a given stoichiometry of the complex. They
also make it possible to study the variability of In 8 depending on the ligand. This
makes it possible to find system having optimal isotope separation factor.

It is shown that ab initio calculation of isotope separation factors in systems
including weak-bonded complexes, it is necessary to take into account the effect of

solvent that determines the nature of the observed isotope effect.

References

|1] Musashi M., Matsuo M., Oi T., Nomura M. An anion-exchange chromato-
graphic study on boron isotopic fractionation at 2MPa at 293k // Journal of
Chromatography A. — 2006. — Vol. 1131, no. 1-2. — Pp. 97-102.

2] Ennan A.A., Kats B.M. Silicon Tetrafluoride Adducts // Russian Chemical
Reviews. — 1974. — Vol. 43, no. 7. — Pp. 539-550.

3] Meng F., Bu Y., Liu C. Theoretical study of the pyridine-BF3 complex //
Journal of Molecular Structure: THEOCHEM. — 2002. — Vol. 588, no. 1-3.
— Pp. 1-8.

|4] Begun G.M., Palko A.A. Raman and Infrared Spectra of BF3 Complexes with
Diethyl Ether and Tetrahydrofuran, and the Isotopic Exchange of these Com-
plexes with BF3 // Journal of Chemical Physics. — 1963. — Vol. 38, no. 9. —
Pp. 2112-2117.

5] ITvanov V.A., Katalnikov S.G. Physico-chemical and engineering principles of
boron isotopes separation by using BFs—anisole-BF3 system // Separation Sci-
ence and Technology. — 2001. — Vol. 36, no. 89. — Pp. 1737-1768.

6] 60OATEEYE n.a., sUTAJIYE 6.n., MmHDXOIY 6.4., wll TIIBIAMITY 6.4,
xBBIUIIE 1 WBIGIPOIIE TBYOMIYEVIE Y UMHIBHEOOIIN
VIIVOEHBU JIMC TBBJIEMEOIC WBIOIPIIY BITB. — q
VBIITOW/IE: aEYC®BC  HEIJIXOBTIIZIOBC  HIIMIIIEIIOBC

11



OBXIOOBC  JIIOYXKETEOT'MIC  “pIIMCTOIIE  YIICOUE  2007.
cJETOIIE BXJ/IXQEE: BEDBIIPBYOIIY®II, bJIIONHUIB U
PTBYII”. yBOJIO-pEOETBXT3, 29 COYBTC — 3 ZKEYUYTBMC
2007 3.: yBIITOWJI ®EBUYIIY AILJIMBAINY / ndY. TEIBJIPIIT
PTIIZK. uBTHU®IIONY w.4.; TEH. JIIMME3WC: sEBEOTEY 6.4,
ATBYOIIBBEY 6.y., yYdEOMUIOOBC s.0. —n.:nitxkit, 2007. Y.343-344.

7] Guertin J.P., Onyszchuk M. The Interaction of Silicone Tetrafluoride with
Methanol // Canadian Journal of Chemistry. — 1963. — Vol. 41, no. 6. —
Pp. 1477 1484.

18] Khoroshilov A.V., Cherednichenko S.A. Phase and Isotope Equilibria in Sys-
tems of SiF4 with Aliphatic Alcohols as Applied to the Separation of Silicon
Isotopes // Khimicheskaya Tekhnologiya. — 2007. — Vol. 8, no. 2. — Pp. 53-58.

— 1in Russian.

9] Egiazarov A., Abzianidze T., Razmadze A. Separation of Silicon Isotopes by
Chemical Isotopic Exchange Method. — In: Synthesis and Applications of
Isotopically Labelled Compounds, Vol.7. U.Pleiss (Editor), R.Voges (Editor).
New York: John Wiley, 2001. p.25-28.

[10] wETEAOUIOEQOJI y.6., wlITIIBIUMIY  6.4., 60OHUTIIY  6.u.
#BIIGIIPOIIE TBYOIIYEYHE PTI TBBAEMEONWII NHBIIGIIPITY
JITEHONC Y VIIY®EHE SiF, — JIIHPMEJIVOIIE VIIEANOEOIC
SiFy ¥V BMIDKBONMIOEVJINHII YPUT®BHI. —  « YBIITOIJIE:
GTXIT OBXIOOIIN VEYVIIK mitkii. o BXIOOBC YEVVIIC niixii-2005.
1BY®III 2. 4 0BXIOOI-OENONIOEYJIBC JITOXKETEOL'C “oBXKOOII-
MOOMMYBI'NIIOOIE  VIOTXJAONIOEYOUIL.  pETYPEJIONYOIIE
OENOIMIIZNI 11 YPEIMBMIIOIIE HBO®ETUBMII OB IIYVOIIYE
AIIYOUITEONK B®ITHONK PTHHIIBIMEOOIIVOII 1 OBXJII.
pIIIBI®IIYIB  VPETMBMNY®IIY 11 JIBATIIY  YIIVBIEK
JJUBMIZKIMJIBI N IMC ullIOB®IIHB tIIVYNH. bJIIIOIIHUIOEVJIVE
MYYMEIITYBOIIC Y BOIIHOIIK [IOTBYMMN”. n.: nitxkii, 2005. V.14-16.

|11] Alex A.Granovsky. — www http://classic.chem.msu.su/gran/gamess/index.html.

12



12|

13|

[14]

[15]

[16]

[17]

18]

Schmudt M.W., Baldridge K.K., Boatz J.A., Elbert S.T., Gordon M.S.,
Jensen J.H., Koseki S., Matsunaga N., Nguyen K.A., Su S., Windus T.L.,
Dupuis M., Montgomery J.A. General atomic and molecular electronic struc-
ture system // Journal of Computational Chemistry. — 1993. — Vol. 14, no. 11.
— Pp. 1347-1363.

Bochkarev A. V., Trefilova A.N., Tsurkov N.A., Klinskii G.D. Calculation of (-
Factors by ab initio Quantum-Chemical Methods // Russian Journal of Phys-
ical Chemastry. — 2003. — Vol. 77, no. 4. — Pp. 622-626.

Krasnov K.S., Filippenko N.V., Bobkova V.A., Lebedeva N.L., Morozov E.V.,
Ustinova T.1., Romanova G.A. Molekulyarnye Postoyannye Neorganicheskikh

Soedinenii. Spravochnik. (Molecular Constants of Inorganic Compounds: A
Reference Book). Krasnov K.S. (Ed.). — Leningrad: Khimiya, 1979. — 448 pp.

Muerts S., Scrocco E., Tomasi J. Electrostatic interaction of a solute with a
continuum. A direct utilizaion of AB initio molecular potentials for the prevision
of solvent effects // Chemical Physics. — 1981. — Vol. 55, no. 1. — Pp. 117-129.

Tomast J., Persico M. Molecular Interactions in Solution: An Overview of
Methods Based on Continuous Distributions of the Solvent // Chemical Re-
views. — 1994. — Vol. 94, no. 7. — Pp. 2027-2094.

Cammi R., Tomasi J. Remarks on the use of the apparent surface charges
(ASC) methods in solvation problems: Iterative versus matrix-inversion proce-
dures and the renormalization of the apparent charges // Journal of Compu-
tational Chemustry. — 1995. — Vol. 16, no. 12. — Pp. 1449-1458.

Jarzecki A.A., Anbar A.A., Spiro T.G. DFT Analysis of Fe(H,O)2" and
Fe(Ho0)2" Structure and Vibrations; Implications for Isotope Fractionation //
The Journal of Physical Chemistry A. — 2004. — Vol. 108, no. 14. — Pp. 2726—
2732.

13



Captions in article A.V.Bochkarev “Influence of solution on isotopic

properties of complexes of SiF, and BF3 in the process of separation

of isotopes of Silicon and Boron by the method of chemical exchange
rectification”

Fig.1. Complexes of boron trifluoride with anisole and nitromethane

Fig.2. Complexes of silicone tetrafluoride with methanol and THF
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Abstract of the paper “Influence of solution on isotopic properties of
complexes of SiF, and BF3 in the process of separation of isotopes of

Silicon and Boron by the method of chemical exchange rectification”

Ab initio calculations of isotope reduced partition function ratios (-factors) and
separation factors of isotopes of silicon and boron in the systems fluoride of the el-
ement — its complex with organic solvent have been carried out. These systems
are used for separation of isotopes of boron and silicone by the method of chem-
ical exchange rectification (chemical isotope exchange method with thermal phase
reversal).

It has been shown that usual ab initio calculations of vibrational frequencies of
the fluoride of boron or silicon and their complex with solvent cannot predict experi-
mental values of isotope separation factor. For the correct description it is necessary
to take into account the polarizing effect of solvent on the complex. To study this
effect the Polarized Continuum Model (PCM) has been used. In all cases our the-
oretical results corresponded quite well with experimental results for the systems
previously studied. This result opens up possibilities of directed search for systems

suitable for separation of isotopes by method of chemical exchange rectification.
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Figure 1. BF3 complexes with anisole and nitromethane

Figure 2. Complexes of silicon tetrafluoride with methanol and THF
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