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Momno-, ou-, mpuneppmopimunzameuiennvie pmopgocham-anuonsl asnarwmca oun-
OUHZ-O10KAMU 6 MOIEKYIAPHOM OU3AIIHE COJlell C OHUEBHIMU KAMUOHAMU U UCROIb3YIOMCA 01
noeviuieHus 2uopophooHocmu, Moouhukayuu nNOGEPXHOCHIHO-AKMUBHBIX CEOUICME U INEeKMPO-
nposoonocmu. B pabome npeonosicenst memoowt cunmesa cynepkuciomot H'[PF3(CoFs)s] peax-
yueil mpu(nenmagmopamun)ougpmopghocopana c pacmeopom niaguKosoll Kucionbsl, a maKyice
cynepkucinom H'[PF4(CyFs)2] u H'[PFsCoFs] nocmaouiinvim cuamuem nepgpmopsmunvnozo 3a-
Mecmumens 2ZUOPOIU3OM ¢ nociedyiougeii oopadomxoii pacmeopom HF. Ha ocnogee nonyuennvix
cynepkuciom memameszucom anuonos npu 0 °C u3z coomeemcmayioujezo xaopuoa yemeepmuu-
H020 amMMoOHUs Cunme3uposanvt uoHuwvle coeounenun uz zpynnst NR4sFAP ¢ kamuonom mpuoy-
muamemunammonun ooueii popmynvt [(CsHg)sNCH3] [PFen(C2oFs)n], 20e n = 1, 2, 3. Keaopam-
HAsA OGURUPAMUOATLHAA CMPYKMYPA MPeX U3YUAEMbIX AHUOHO8 NOOMEEPHCOCHA OAHHbIMU CHEK-
mpocKonuu A0epHo20 mazHumnozo pezonanca (AMP) u penmezenocmpykmypnozo ananusza (PCA).
Memooamu ougpgpepenuuanvroi ckanupyioweii kanopumempuu (/[CK) u cunxpounozo mepmu-
yeckoz2o ananuza (CTA) nokazano, umo cunme3uposanHvle COeOUHEHU XaAPaAKMepu3yiomcs upe3-
GbIUANIHO HU3KUM OassieHuem napoe 00 300 °C, wmupoxum ouanazonom »#cuodKkozo coCmosaHus wu-
punoii 00 310 K u omnocamesn k uonnovim scuoxkocmam (UK), 6 mom uucne oona k muny y#cudKkux
npu komuamnoit memnepamype (RT-1L). Onpedenensvt memnepamypot u IJnmansnuu niaeieHus..
Memooom ananu3za evioenarwuwuxca 2azoe (CTA-ABI') npoananuzuposanst ooujue 3aK0HOMepHO-
CMuU pa3iodcenus coeOuHenuil, NOKA3aHo, YMmo 60 6cex CAY4asnx paszioxiceHue uzyuaemvplX UOHHbIX
JcuodKocmeil Hayunaemca ¢ oecmpykyuu anuona. Hzyueno snexkmpoconpomuenenue uucmoii
UOHHOW MHCUOKOCMU RpU KOMHAMHOU memnepamype. Onucannple Xapakmepucmurku nep-
mopImunzameniennvix onuzogmopghochamos arKuIAMMOHUA OMKPBIEAION NEPCHEKMUBHL 0714
UCRONIb306AHUS UX 8 KAYeCmEe IIeKMPONPOEOOAUUX U AHMUCMAMUYECKUX 000a80K 011 Hehme-
XUMUU, MONIUG U NOTUMEDPOE.

Kuarouesslie ciaoBa: tpudrop[Tpuc(neHradropatiin)|docdarsr ammonus, nephropatuwidochopaH, Ko-
OpIMHAIIMOHHAS XUMHUSI, KPHUCTAJUINYECKast CTPYKTypa, TEPMUYECKUH aHAIIN3, JJIEKTPOIIPOBOTHOCTh
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Mono-, di-, triperfluoroethyl substituted fluorophosphate anions are building blocks in the
molecular design of salts with onium cations, and are used to increase hydrophaobicity, modify sur-
factant properties and electrical conductivity. The work proposes methods for the synthesis of su-
peracid H*[PF3(C2Fs)s] by the reaction of tri(pentafluoroethyl)difluorophosphorane with a solu-
tion of hydrofluoric acid, as well as superacids H*[PF4(C.Fs).]” and H'[PFsC.Fs] by step-by-step
removal of the pentafluoroethyl substituent by hydrolysis with subsequent treatment with HF solu-
tion. lonic compounds were synthesized by metathesis of anions at 0 °C from the corresponding
guaternary ammonium chloride based on the obtained superacids. The article presents NR4FAP-
class ionic compounds with the tributylmethylammonium (TBMA) cation of the general formula
[(C4Ho)sNCH3]*[PFs-n(C2Fs)n], where n = 1, 2, 3. The square bipyramidal structure of the three
studied anions was confirmed by nuclear magnetic resonance (NMR) spectroscopy and X-ray dif-
fraction (XRD) data. The study shows, the synthesized compounds are characterized by extremely
low vapor pressure up to 300 °C, a wide range of the liquid state with a width of up to 310 K by the
methods of differential scanning calorimetry (DSC) and synchronous thermal analysis (STA).
Melting temperatures and enthalpies were determined. The TBMA salts belong to ionic liquids
(IL's), including one type liquid at room temperature (RT-IL). The general patterns of compounds
decomposition were analyzed by the analysis of evolved gases (STA-EGA); it was shown that in all
cases, the decomposition of the studied ionic liquids begins with the destruction of the anion. The
electrical resistance of a pure ionic liquid at room temperature was studied. The described charac-
teristics of perfluoroethylsubstituted alkyl ammonium oligofluorophosphates open up prospects for

their use as electro conducting and antistatic additives for petrochemicals, fuels and polymers.

Key words: ammonium trifluoro[tris(pentafluoroethyl)]phosphates, perfluoroethylphosphorane, coordi-
nation chemistry, crystal structure, thermal analysis, electrical conductivity

INTRODUCTION

Due to their unique properties, ionic liquids
(with perfluoroalkylfluorophosphate anions) are de-
manded by different industries and have a broad range
of uses. The number of research papers devoted to
these compounds is increasing exponentially. Alt-
hough their application field is becoming wider and
wider, the development of new ionic compounds with
amelting point below 100 °C is still an urgent task. The
synthesis of new compounds, liquid at room tempera-
ture, so called room-temperature ionic liquids (RT-
ILs), is of especial importance. As a rule, RT-ILs are
highly polar, non-volatile, non-combustible, electri-
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cally and thermally conductive and low-toxic com-
pounds [1, 2]. In addition, ILs are characterized by a
high heat capacity, thermal and chemical stability, re-
sistance to hydrolysis, complex formation ability and
intermolecular interaction [3]. Due to these properties,
IL can be considered to be a promising alternative to
conventional organic solvents, electrolyte and reaction
media, and catalysts [4-7].

It is noteworthy, that RT-ILs are widely used
for reducing the triboelectric effect, for example, as an-
tistatic additives to petrochemical products, fuels, and
polymers [8-10].

Selecting the appropriate cation and/or anion,
the compounds with the characteristics required for

55



N.T". MokpyuuH u ap.

specific practical applications can be prepared. Both
cations and anions can be modified to meet the require-
ments of a process. For example, hydrocarbon radicals
can be introduced into the cation structure to achieve
an affinity for non-polar media, such as mineral/syn-
thetic oils and motor fuel. Hydrolytic and thermal sta-
bility can be improved in presence of fluorine-substi-
tuted anions [11, 12].

Taking into account all these considerations, a
novel series of ILs has been developed. Present paper
is devoted to preparation and study of perfluoroethylsub-
stituted alkylammonium oligofluorophosphates.

EXPEREMENTAL PART

All the reagents were purchased from commer-
cial sources and used without further purification. The
purity and structure of the compounds were established
by NMR.

NMR spectra of the compounds were recorded
using a Bruker AVANCE 111 HD (400 MHZz) spectrom-
eter. For the measurements, 5% DMSO-d6 solutions of
the crystalline compounds were prepared. Liquid com-
pounds were studied in pure state using a DMSO-d6
capillary.

Thermal stability and properties were studied
using a Netzsch STA 449 F1 Ju-piter® thermal ana-
lyzer coupled with a QMS 403 C A&olos® mass spec-
trometer and a DSC 214 Polyma calorimeter (Netzsch,
Germany). The thermal curves were recorded at a heat-
ing rate of 10 K/min in a dynamic atmosphere of argon
in the temperature range of 0-500 °C. The samples
were placed into a platinum crucible; the calibration
was carried out using the reference substances; the initial
data were corrected using the software supplied by the
manufacturer. The mass spectra of the degradation prod-
ucts were recorded in the histogram mode with the prod-
uct identification according to the NIST 2008 database.

X-ray diffraction patterns were recorded using
an Agilent Xcalibur Ruby single-crystal diffractometer
equipped with a CCD detector (MoKo radiation,
295(2) K, w-scanning with a step of 1°). The absorp-
tion was taken into account empirically using the
SCALE3 ABSPACK algorithm. The structures were
solved using the SHELXT and SUPERFLIP [13] struc-
ture solution programs and refined by full-matrix least
squares on F? with anisotropic displacement parame-
ters for the non-H atoms using the SHELXL program
[14] with the OLEX2 graphical interface [15]. Hydro-
gen atoms are placed at calculated positions and re-
fined using a riding model. The XRD data were regis-
tered in the Cambridge Crystallographic Data Center
(CCDC) under the numbers 2265071 (compound 8)
and 2265072 (compound 9) and can be requested at
www.ccdc.cam.ac.uk/structures.
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Preparation of bis(pentafluoroethyl)phos-
phinic acid 2.

213 g (0.5 mol) of tris(pentafluoroethyl)difluor-
ophosphorane was slowly added to 65 g (4 mol) of wa-
ter in a fluoroplastic flask at vigorous stirring at room
temperature. The resulting solution was stirred at 40-
60 °C for 30. Then aqueous HF was distilled off to
0.2% content. If necessary, the reaction mixture was
distilled under reduced pressure (0.6 mbar). Liquid
bis(pentafluoroethyl)phosphinic acid was obtained in a
yield of 77%. The product yield was calculated taking
into account the amount of tris(pentafluoroethyl)difluor-
ophosphorane. °F NMR (377 MHz, DMSO-d6) & -
82.23 — -82.36 (m, 2CFs), -126.91 (d, J = 81.7 Hz,
2CF,). 3P NMR (162 MHz, DMSO-d6) & 3.29 (p,
J=81.9 Hz).

Preparation of pentafluoroethylphosphonic
acid 3.

213 g (0.5 mol) of tris(pentafluoroethyl)difluor-
ophosphorane was slowly added to 104 g (6.5 mol) of
water at vigorous stirring. The resulting solution was
heated and stirred at 80-90 °C for 7 days. The com-
pleteness of the reaction was monitored using 3'P-
NMR spectroscopy. Then aqueous hydrogen fluoride
solution was distilled off. The residue was dried in oil
bath under reduced pressure at 60-70 °C for 10 h. Lig-
uid pentafluoroethylphosphonic acid was obtained in a
yield of 99%. The product yield was calculated taking
into account the amount of tris(pentafluoroethyl)difluor-
ophosphorane. *F NMR (377 MHz, DMSO-d6)
0 -82.91 — -83.24 (m, CF3), -128.16 (d, J = 86.6 Hz,
CF2). 3P NMR (162 MHz, DMSO-d6) & -2.53 (t,
J=87.7 Hz).

Preparation of tris(pentafluoroethyl)trifluoro-
phosphoric acid 4 (HFAP-3).

100 g of tris(pentafluoroethyl)difluorophos-
phorane was introduced into a 1-L Teflon reactor,
equipped with a Teflon stirrer and a funnel for adding
anhydrous hydrogen fluoride. Then 50 g of anhydrous
hydrogen fluoride was added at 0 °C at dry ice bath
(with at least 5-10% excess). A homogeneous light-
grey solution was obtained. The HFAP structure was
confirmed by the NMR data. *°F SIMP (377 MHz,
DMSO-d6) 6 -44.09 (dm, J = 889 Hz, PF), -79.28 —
-79.49 (m, CF), -80.67 — -81.03 (m, 2CF,), -87.30
(dm, J = 904.0 Hz, 2PF), -115.28 (dm, J = 83 Hz, CF3),
-115.77 (dm, J = 97 Hz, 2CFs). 3P SIMP (162 MHz,
DMSO-d6) 6 -148.23 (qseptm J = 904 Hz, J = 97 Hz).

Preparation of bis(pentafluoroethyl)tetrafluor-
ophosphoric acid 5 (HFAP-2).

A 1-L Teflon reactor, equipped with a Teflon
stirrer and a funnel for adding anhydrous hydrogen flu-
oride, was charged with 100 g of bis(pentafluoro-
ethyl)phosphinic acid (main substance content 93%,
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moisture content 20%). Then 50 g of anhydrous hydro-
gen fluoride was added at vigorous stirring at 0 °C. A
homogeneous light-grey solution was obtained.'°F
NMR (377 MHz, DMSO-d6) 6 -75.22 (dm, J = 937.92,
PF4), -85.66 — -85.77 (m, CFs), -121.14 (dm,
J=109.31Hz, CF;). *P NMR (162 MHz, DMSO-d6)
8 -147.08 (pp, J =938.54, 109.81 Hz).

Preparation of pentafluoroethylpentafluoro-
phosphoric acid 6 (HFAP-1).

A 1-L Teflon reactor, equipped with a Teflon
stirrer and a funnel for adding anhydrous hydrogen flu-
oride, was charged with 100 g of pentafluoro-
ethylphosphonic acid and cooled in ice-bath. Then 50 g
of anhydrous hydrogen fluoride was added at vigorous
stirring at 0 °C. A homogeneous grey solution was ob-
tained. F NMR (377 MHz, DMSO-ds) & -71.28 (dh,
J = 826.5, 8.2 Hz, 2PF), -74.72 (dp, J = 722.6, 49.1,
47.6 Hz, 3PF), -83.64 (pd, J = 7.8, 2.9 Hz, CFy),
-119.99 (dp, J = 89.8, 9.0 Hz, CF,). 3P NMR (162
MHz, DMSO-ds) 6 -148.17 (pp, J =826.5, 722.6, 104.0,
89.8, 2.9 Hz).

Preparation of tributylmethylammonium tris(pen-
tafluoroethyl)trifluorophosphate 7 (TBMA-3).

40 ml of ice water was added to 151 g of
tris(perfluoroethyltrifluorophosphoric acid (HFAP-3)
at stirring at 0 °C. Then 80 g of tributylmethylammo-
nium chloride solution in 100 ml of deionized water
was added. A thick light-grey precipitate quickly set-
tled down. The mixture was stirred at 0 °C for 45 min,
then 50 ml of water was added and the reaction mixture
was kept for 40 min until room temperature (20 °C)
was achieved. The precipitate was filtered on a Buch-
ner funnel and washed six times with 50 ml of ice water
to pH = 4-5. The product, a viscous colorless liquid,
was obtained in a yield of 95%. The product had the fol-
lowing characteristics: m.p. = 14 °C; Tgecomp. = 326 °C;
n =792 mPa-s at 20 °C; active electrical resistance -
5.7-10°Q. *H NMR (400 MHz, DMSO-ds) & 3.24 —
3.15 (m, 6H), 2.94 (s, 3H), 1.61 (m, J = 11.9, 8.1, 6.0 Hz,
6H), 1.32 (m, J = 7.4 Hz, 6H), 0.94 (t, 9H). 1%F NMR
(376 MHz, DMSO-d6) 6 -42.61 — -45.67 (dm, PF), -
79.38 — -79.67 (m, CF3), -81.10 (m, J = 14.2, 6.5 Hz,
2CF3), -85.79 — -88.69 (dm, 2PF), -115.13 — -116.30
(m, 3CF2). 3P NMR (162 MHz, DMSO-d) 6 -137.57 —
-158.58 (m).

Preparation of tributylmethylammonium bis(pert-
luoroethyl)tetrafluorophosphate 8 (TBMA-2).

40 ml of ice-cold water was added to 118 g of
bis(perfluoroethyl)tetrafluorophosphoric acid (HFAP-2)
at 0 °C. Then the solution of 80 g of tributylmethyl-
ammonium chloride in 100 ml of deionized water was
introduced into the reactor at stirring. A thick light-
grey precipitate quickly settled down. The mixture was
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stirred at 0 °C for 45 min, then 50 ml of water was
added and the reaction mixture was kept for 40 min un-
til room temperature (20 °C) was achieved. The pre-
cipitate was filtered on a Buchner funnel and washed
six times with 50 ml of ice water to pH = 4-5, vacuum
dried. A transparent white product was obtained in a
yield of 87%. The product had the following character-
istics: m.p. = 66 °C; melting enthalpy A = 53 J/g.
Taecomp. = 383 °C. Crystal structure - monoclinic syn-
gony, space group P21/n, C4F14P-C13HzoN, M 545.39, a
11.8752) A, b 16.652(4) A, ¢ 12.5923) A, B
90.96(2)°, V 2489.5(10) A3, Z 4, dcarc 1.455 g/cm®, p
0.219 mm. Final refinement parameters: R; 0.0663
[for 2914 reflections with | > 25(1)], wR2 0.2208 (for
all 5834 independent reflections, Rix 0.0314), S 1.024.
'H NMR (400 MHz, DMSO-ds) 6 3.19 — 3.13 (m, 2H),
2.97 (s, 3H), 1.73 — 1.60 (m, 3H), 1.38 (h, J = 7.4 Hz,
2H), 0.99 (t, J = 7.4 Hz, 3H). **F NMR (377 MHz,
DMSO-dg) 6 -72.82 (dm, J = 16.7, 9.1, 9.0, 8.0, 7.9,
7.2 Hz), -83.47 (p,J=7.5,7.1 Hz), -119.95 — -120.38
(m), -120.17 (dp, J = 100.8, 9.3 Hz). 3P NMR (162
MHz, DMSO-ds) 6 -149.62 (pp, J = 918.5, 914.6,
103.5, 102.1, 101.3, 100.8, 100.2, 98.9 Hz).

Preparation of tributylmethylammonium per-
fluoroethylpentafluorophosphate 9 (TBMA-1).

40 ml of ice-cold water was added to 83 g of
mono(perfluoroethyl)pentafluorophosphoric  acid
(HFAP-1) at 0°. Then the solution 80 g of tributylme-
thyl-ammonium chloride in 100 ml of deionized water
was introduced into the reactor at stirring. A thick
light-grey precipitate quickly settled down. The mix-
ture was stirred at 0 °C for 45 min, then 50 ml of water
was added and the reaction mixture was kept for 40 min
until room temperature (20 °C) was achieved. The pre-
cipitate was filtered on a Buchner funnel and washed
six times with 50 ml of ice water to pH = 4-5. A light-
grey (close to white) product yielded of 79%. The prod-
uct had the following characteristics: m.p. = 69 °C; en-
thalpy of melting A = 33 J/g; Tdecomp. = 330 °C. Crystal
structure: rhombic system, space group Pbca,
CaF10P-C1sH30N, M 445.37, a 18.943(7) A, b 10.476(3)
A, ©22.803(10) A, V 4525(3) A3, Z 8, duu 1.307 r/em?,
u 0.201 Mm%, Final refinement parameters: R1 0.1263
[for 1337 reflections with | > 25(1)], wR, 0.4681 (for
all 5644 independent reflection, Rir 0.0762), S 1.015.
'H NMR (400 MHz, DMSO-d) & 3.16 (d, ] = 12.6 Hz,
2H), 2.90 (s, 1H), 2.34 (s, 2H), 1.97 (p, J = 2.5 Hz, OH),
1.67 (p, J=8.4,7.9, 7.5 Hz, 1H), 1.38 (h, J = 7.4 Hz,
2H), 0.99 (t, J = 7.4 Hz, 3H). **F NMR (377 MHz,
DMSO-ds) 6 -71.28 (dh, J =826.5, 8.2 Hz), -74.72 (dp,
J=722.6,49.1, 47.6 Hz), -83.64 (pd, J = 7.8, 2.9 Hz),
-119.99 (dp, J = 89.8, 9.0 Hz). *'P NMR (162 MHz,
DMSO-ds) & -148.17 (pp, J =826.5, 722.6, 104.0, 89.8,
2.9 Hz).
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RESULTS AND DISCUSSION

Tri(pentafluoroethyl)difluorophosphorane 1 is
used as an initial compound for the synthesis of super-
acids 4-6 according to Scheme 1. At the first step, the
initial compound is hydrolyzed to give acids 2-3, then
fluorinated by HF solution, and used futher to get tar-
get products by anion metathesis.

HF aq
(CF;CF,);PF, —— H'[(CF;CF,);PF;
1 4
H,0 l
HF a
(CF4CF,),P(0)OH —— e H[(CFCF,),PF,]
2 5
o
HF aq
CF;CF,P(0)(OH), — > H'[(CF;CF,)PFs]
3 6

Scheme 1. Synthesis of superacids 4-6 from tri(pentafluoro-
ethyl)difluorophosphorane
Cxema 1. Cunre3 cynepkuciot 4-6 u3 Tpu(mnes-
TadTopaTIN)AudTopdochopana

Tri(pentafluoroethyl)difluorophosphoranes
readily react with both organic and inorganic fluorides
[16, 17]. As a rule, in industry phosphorane is obtained
by electrochemical fluorination of triethylphosphine in
anhydrous hydrogen fluoride according to the Simons
process [18]. Phosphorane is a liquid with a boiling
point of 91-92 °C. Due to its high Lewis acidity, it can
be used as a catalyst in, for example, Diels-Alder reac-
tions and Michael additives. Tri(perfluoroethyl)tri-
fluorophosphate salts are obtained via fluoride-ion
elimination from the fluorides of the main group ele-
ments subjected to phosphorane. In ice water, it slowly
hydrolyzes, releasing HF. [18]

Bis(perfluoroalkyl)phosphinic acids are known
for a long time and used in the production of various
chemicals. In literature, a number of preparation meth-
ods for these acids is described. For example, this acids
can be synthesized via the reaction of Grignard rea-
gents with phosphoryl chloride in ether followed by
guenching with water [19], or via the interaction of
tri(pentafluoroethyl)difluorophosphoranes with hexa-
methyldisiloxane, followed by hydrolysis of the corre-
sponding phosphine oxide [20]. The disadvantages of
the latter method are the need for precise temperature
control and low yields of the target acid. In addition,
Ignatiev et al suggested a low-cost preparation method
for bis(perfluoroethyl)phosphinic acids, described in
the patents DE102008035174 and WO2003087110.
The acid was obtained by direct hydrolysis of tri(pen-
tafluoroethyl)difluorophosphoranes in high yields. In
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present study, the corresponding acid 2 was synthe-
sized according to this method. Bis(perfluoroalkyl)-
phosphinic acid salts can be isolated by neutralizing
the acid.

Perflouroalkylphosphonic acids are also de-
scribed previously. As a rule, perflouroalkylphosphonic
acids are still synthesized according to the versions of
the procedure, suggested by Emeleus et al. In [20],
Shreve and Mahmoud used their version of this syn-
thetic method for preparation of compound 3. Hossein
et al reported on a new convenient one-pot synthesis
method for preparation of (perfluoroalkyl)phosphonic
acid in high yield [21]. In addition, these acids can be
obtained by the Ignatiev method [18].

Acids 2 and 3 were prepared according to the
described above methods based on the hydrolysis of
tris(pentafluoroethyl)difluorophosphorane 1. The re-
sulting acids were purified by distillation under re-
duced pressure.

Tri(pentafluoroethyl)difluorophosphorane 1,
bis(perfluoroethyl)phosphinic acid 2, and pentafluoro-
ethylphosphonic acid 3 are convenient reagents for the
preparation of HFAP-3,2,1 perfluoroethyl-substituted
fluorophosphoric superacids 4-6. In [18], some proce-
dures for preparation of tris(perfluoroethyl)trifluoro-
phosphoric acid (HFAP-3) are described. Tri(perfluo-
roethyl)trifluorophosphoric acid can be easily obtained
by reacting tri(perfluoroethyl)difluorophosphorane
with hydrogen fluoride in different solvents (alcohols,
dialkyl ethers, or other proton-solvating solvents) [18].
The reaction of (CzFs)sPF, with aqueous HF is com-
pleted in a few minutes giving HFAP pentahydrate in
stoichiometric quantity. An aqueous solution of tri(per-
fluoroethyDtrifluorophosphoric acid is stable at room
temperature for a long time, and HFAP is a convenient
initial compound for the preparation of various metal
salts and ionic liquids with the FAP anion [18].

Tris(pentafluoroethytrifluorophosphoric
(HFAP-3) 4, bis(perfluoroethyl)tetrafluorophosphoric
(HFAP-2) 5 perfluoroethylpentafluorphosphoric (HFAP-
1) 6 acids were prepared similar to the procedures de-
scribed in patents W02016074757-A1 and WO2005
049628-A1, via reaction of aqueous HF with tri(pen-
tafluoroethyl)difluorophosphorane,  bis(pentafluoro-
ethyl)phosphinic and pentafluoroethylphosphonic ac-
ids, respectively.

Tributylmethylammonium pentafluoroethyl
phosphates (TBMA) 7, 8, 9 were prepared by the anion
metathesis reaction without isolation of acids 4-6, ac-
cording to Scheme 2. After the process was completed,
the reaction mixture contained the corresponding sub-
stituted ammonium fluorophosphate and an aqueous
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phase containing HCI. The target products are insolu-
ble in water, well soluble in acetone, dioxane, DMSO,
and DMF. The product yield was 79-95%.

CHy  HI(CoFs),PFe]
@| 4-6n=3,2,1 @
C,Hy=N—CH; ————— > C,H,~N—CH,

-HCl1
C,H, Cl@ C4H,

C,H,

e
(CoFs),PFg.,
7-9 n=3,2,1
Scheme 2. Synthesis of tributylmethylammonium pentafluoro-
ethylphosphates

Cxema 2 Cuntes neHradTopatiidocdaTon
TPUOYTHIMETHIAMMOHHS

Compound 7 is a liquid at room temperature.
The crystalline structure of compounds 8, 9 were first
characterized by XRD. The XRD data were obtained
for the single crystals of compounds 8, 9. The struc-
tures of the compounds are shown in Fig. 1 and 2.

Fig. 1. The structure of tributylmethylammonium perfluoro-
ethylpentafluorphosphate 8 according to X-ray diffraction data in
thermal ellipsoids of 20% probability
Puc. 1 Crpykrypa TpuOyTHIMETHIAMMOHHS TETpa-
kuchropau(nenrapropatin)pocdara 8 no nanusiM PCA B Ten-
J0BBIX 3mmHncongax 20% BepoSATHOCTH

The compounds 8, 9 crystallize in centrosym-
metric space groups of orthorhombic and monoclinic
crystal systems, respectively. In both cases, the crystal-
lographically independent part of the unit cell consists
of a cation and anion. In the TBMA-2 compound, the
anion perfluoroethyl groups are in the trans-positions.
The atoms of TBMA-2 anion, with the exception of the
phosphorus atom, are disordered over the two positions
(in Fig. 1 and 2 minor disorder components are omitted
for clarity). In compound 9 (TBMA-1), the butyl sub-
stituents of the cation are also disordered over the two
positions.
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Fig. 2. The structure of tributylmethylammonium pentafluoro(per-
fluoroethyl)phosphate 9 according to X-ray dif-fraction data in
thermal ellipsoids of 20% probability
Puc. 2. Ctpykrypa nenrakucdrop(nenrapropatin)pocdara Tpu-
6yTI/IJ'[MeTI/IJ'IaMMOHI/ISI 9 o JaHHBIM PCA B TemIoBEIX 3JIIUIICOU-
nax 20% BepoSITHOCTH

TG /%

100 -
80i
60-
40—-

20 1

100 150 200 250 300 350 400 450
Temperature /°C

0 50

DSC ApVimg)

] Onpset: 13.7 °C 1 exo

Onset: 66.3 °C

100 150 200 250 300 350 400 450
Temperature /°C

b
Fig. 3a. TG analysis curves for compounds TBMA-3 (curve 3),
TBMA-2 (curve 2), TBMA-1 (curve 1)
Fig. 3b. DSC analysis curves for compounds TBMA-3 (curve 3),
TBMA-2 (curve 2), TBMA-1 (curve 1)

Puc. 3a. Pe3ynbTaTsl TepMOrpaBUMETPHUYECKOTO aHATIN3a COCH-
uennit TBMA-3 (kpuBas 3), TBMA-2 (kpuBas 2), TBMA-1
(xpuBas 1)

Puc. 36. Pesynprats! nuddpepeHnnansHoi ckaHupyoen Kao-
pumetpuu coequnernit TBMA-3 (kpusas 3), TBMA-2
(kpuBas 2), TBMA-1 (kpuBas 1)
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Compounds 7, 8, 9 were studied by simultane-
ous thermal analysis. As a result, the melting points
were found and thermal stability of the compounds was
evaluated. In addition, the general decomposition pat-
terns of the final products were analyzed. The simulta-
neous thermal analysis TG curves are shown in Fig. 3a,
DSC curves are shown in Fig. 3b.

Compound 7 (TBMA-3) is a viscous liquid,
melting at 14°C. Dynamic viscosity at 20 °C —n =
=792 mPa-s. Active electrical resistance is 5.7-102 Q.
In an inert atmosphere, the sample begins to decom-
pose at the temperature above 326 °C. According to
mass spectrometry data for evolved gases, thermal
degradation begins with the anion cleavage. The
weight loss occurs in two stages.

The melting point of compound 8 (TBMA-2)
is 66 °C (AH = 53 J/g), compound 9 (TBMA-1) is 69 °C
(AH =33 J/g). The samples begin to decompose at 330-
334 °C and, according to MS-EGA, the degradation
begins with the anion cleavage. At the temperatures
above 380 °C, a joint degradation of the ions takes
place.

For the salts studied, the thermogravimetric
analysis data indicate the saturated vapor pressure of
the melts to be extremely low. It is interesting to note,
that in an air atmosphere, the degradation temperatures
of the samples decrease by 30-40 °C. In addition, the
oxidative degradation is accompanied by a significant
exothermic effect. Thus, the compounds are thermally
stable, can be used in technology as an additives.

CONCLUSION

A synthetic route for preparation of fluorosub-
stituted ammonium phosphates was suggested. These
compounds can be used to improve the properties of
oils, polymers, and other related products. The prod-
uct characteristics, in particular, an extremely high
electrical conductivity allow the synthesized RT-IL to
be recommended as electroconducting and electro-
static additives.
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