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The reactions of titanium tetrafluoride with diisopropylamine, diethylamine, pyridine, and triethylamine have
been investigated. Products have been characterized and conductometric titrations carried out in the solvent

acetone,
acidic species in the solution.
Ti;Fe™, and TiFs™.
fluorotitanates.

The results can be interpreted by a sequence of reactions in which the added base reacts with the most
The acid materials during various portions of the reaction are TiF,, ReyNHTIiF; ™,
Secondary amines yield dialkylamidotitanium(IV) trifluorides and dialkylammonium hexa-
Addition compounds are formed with tertiary amines.

The results of the conductometric

titrations of titanium tetrafluoride with these bases lend additional support to a reaction scheme previously

proposed.

undergoes a similar initial reaction.

In this scheme the initial reaction occurring in TiFs-rich solutions leads to a high conductance and is
represented by the equation: 3TiF; + R;NH — TiF;R,NH* 4+ Ti,Fy~.
This result supports our scheme, because conductance is observed in TiF;-

In this study we report that pyridine

rich solutions in a system where proton loss is not possible.

Introduction

In a previous article? we have reported a de-
tailed study of the reaction of TiFy with di-»-
propylamine. Under all conditions employed,
extensive aminolysis occurred, yielding TiF;NR,
and (ReNH,;1),TiFe=. A conductometric titra-
tion and a continuous variation study yielded
results leading to a proposed reaction sequence.
This article reports the extension of these experi-
ments to other secondary amines and to two ter-
tiary amines. Additional information is provided
in support of the aminolysis scheme previously
proposed. The tertiary amines behave quite
analogously to the secondary amines except that
reactions involving proton loss are not possible.

Experimental

Purification of reagents and general experimental detail
have been discussed previously.? Elemental analyses for
carbon, hydrogen, and nitrogen were performed by the
University Microanalytical Laboratory. The presence of
fluoride and the extreme hygroscopicity of the samples
affected the accuracy of the hydrogen analyses.

The presence of the dialkylammonium hexafluoro-
titanates in several of the samples was detected by com-
parison of the X-ray powder diffraction patterns and
infrared spectra with known compounds.?

Conductance measurements were made with the appara-
tus and by the procedure previously described.? The
conditions are similar,
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Reaction with Diisopropylamine.,—The addition of ex-
cess diisopropylamine to either a saturated chloroform or
acetonitrile solution of titanium tetrafluoride produces a
precipitate of diisopropyvlammonium hexafluorotitanate,

Anal. Caled. for C1oHyN,TiFs: C, 39.40; H, 8.80; N,
7.65. Found: C, 39.80; H, 8.88; N, 7.58.

Attempts to recover the pure titanium amidotrifluoride
from the filtrate were unsuccessful. Complex residues
which are mixtures result from evaporation.

When excess amine is added to an acetone solution of
titanium tetrafluoride, a white solid (I) results. The
infrared spectrum,?® X-ray powder diffraction pattern,® and
elemental analyses indicate that solid I is a mixture of
approximate composition 2TiF;N(C;Hi): to 1[{CiHi)-
NH, ), TiFs.

Aﬂ(ll. Calcd. fOI‘ 2T1F3N<C3H7)2 + [(CaH-[)zNHQ]zTiFs:
C, 387.12; H, 7.79; N, 7.22, Found: C, 36.69; H, 8.44;
N, 7.03.

Attempts to separate solid I into its components by re-
crystallization or solvent extraction techniques were not
successful. Heating solid I under vacuum resulted in a
slow decrease in the amount of hexafluorotitanate present.
After 48 Iir. at 130°, no further changes occurred. A small
amount of material identified as diisopropylammonium
hydrogen fluoride?® was collected on a cold finger kept at
20°, No further material was condensed in a trap kept at
—80°.¢ The solid residue (II) appears to be a 1:1 mixture
of TiF;N(C;H7); and TiFs- NH(C;Hz).. The analysis, the
lack of an X-ray pattern, and the presence of NH stretch-
ing frequencies but no NH; bending frequencies in the
infrared all support this formulation. Attempts to
separate this mixture were not successful.

Anal. Caled. for TiFyNCeHys -+ TiFNCHy: C,
33.60; N, 6.53. Found: C, 33.67; N, 6.52.

Reaction with Diethylamine.—The addition of excess di-

(4) 1t has been reported that liquid nitrogen is needed to efficiently
trap titanjium tetrafluoride vapor under vacuum conditions, E. H.
Hall, J. M. Blocher, Jr,, and I, E, Campbell, J. Electrochem. Soc.,
1056, 275 (1958).
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ethylamine to an acetone solution of titanium tetrafluoride
produces a white solid, The infrared spectrum, X-ray
powder diffraction pattern, and elemental analyses indi-
cate the solid is a mixture of approximate composition
2TiFsN( C2H5)5 to 1[( Csz)zNHz] JTiFs.

Ana,l. Calcd. for 2TiF3NC4H10 + TiFngHuNz: C,
28.99; H, 6.69; N, 844, Found: C, 28.62; H, 7.52; N,
3.01.

Addition of an acetone solution of titanium tetrafluoride
to diethylamine produced a solid product. The X-ray dif-
fraction pattern indicated a trace of diethylammonium
hexafluorotitanate was present. The infrared spectrum
showed only a very weak NHp band. The inherently less
intense NH bonds were not present. The analysis corre-
sponded to TiF;N(CHjz)e.

Anal. Caled. for TiFsNCHi:
Tound: C, 27.08; N, 8.18,

Addition of an acetone solution of diethylamine (0.75
mole amine/mole of titanium tetrafluoride) produces a
slightly less pure material very similar to the solid from
pure amine. Angl. Found: C, 26.97; N, 7.46.

Attempts at further purification of the diethylamine
reaction products were not successful,

Reaction with Pyridine.—Depending upon reaction con-
ditions, two products were obtained from the reaction of
TiF, and pyridine; a 2:1 and a 1:1 addition compound.®
The 1:1 addition compound is a stable adduct, but the 2:1
addition compound slowly loses pyridine on standing in a
dry atmosphere. This is in agreement with results pre-
viously reported®” Though the 1:1 compound is stable,
the 2:1 compound does not form the 1:1 compound as it
loses pyridine® Difficulty was encountered in the analysis
of the 2:1 compound because of the volatility of pyridine,
Most compositions were intermediate between 1.5 and 2 to
1.

Preparation of the 2:1 Compound.—The 2:1 compound
is prepared by the addition of a large excess of pyridine to
an ethanol or chloroform solution of TiFy. The reverse
mode of addition also results in the 2:1 compound.

Preparation of the 1:1 Compound.—The 1:1 addition
compound is prepared by the slow addition of a slight
excess of pyridine in acetone to an acetone solution of TiF..
The white solid which precipitates is recovered by filtration
and dried ¢» vacuo over CaCl,,

Anal. Caled. for TiFCHN: C,29.6; N,6.9. Found:
C, 30.9; N, 6.6.

Reaction with Triethylamine.—The reaction of tri-
ethylamine and TiF; in acetone gives rise to a complex
reaction product which we were unable to separate into
pure compounds by recrystallization, solvent extraction, or
sublimation, Depending upon conditions, the product
can be formuiated as a mixture of 1:1 and 2:1 or 1:1 and
3:2 addition compounds. In all samples a small amount
of triethylammonium hexafluorotitanate was detected by
faint lines in the X-ray powder patterns.® A typical
preparation involves the addition of a large excess of tri-

C, 27.10; N, 7.91.

(5) All ratios given in the manuscript are amine: TiF4 ratios,

(6) H. J. Emeléus and G. S. Rao, J. Chem. Soc., 4245 (1958).

(7) E. L. Muetterties, J, Am, Chem. Soc., 82, 1082 (1860),
These experiments were carried out in our laboratory prior to the
appearance of these articles.

(8) This observation was confirmed by comparison to the X-.ray
powder diffraction patterns of the 1:1 compound and a sample of
thé 2:1 compound which had lost approximately 1 mole of pyridine,
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ethylamine to a titanium tetrafluoride solution in acetone.
A white solid precipitates which is collected by filtration
and dried 4% vacuo over calcium chloride. A product con-
taining more ammine can be obtained by addition of an ace-
tone solution of TiFy to liquid triethylamine.

Results and Discussion

Secondary Amine Reactions.—The conduc-
tometric titration curves for the reactions of ti-
tanium tetrafluoride with diethylamine and di-
isopropylamine were similar to that reported for
di-n-propylamine? and are not reproduced here.
The significant features of the curve can be sum-
marized briefly: there is a rapid increase in con-
ductance upon addition of amine until an amine:
TiF, ratio of 0.25 is obtained; the curve flattens;
and in the region 0.45 to 0.8 a rapid decrease in
conductance is observed. Through the remainder
of the curve there is a gradual decrease in con-
ductance. Between mole ratios of 0.7 and 1.3
precipitation occurs.

The results from the conductometric titration
curve, infrared spectra, and a continuous variation
study were interpreted as evidence for the reac-
tion scheme®

R,NH + TiF, —> [R,NHTiF.] (1

[R{NHTiF,] + 2TiF, —> R,NHTiF;* + Ti;Fs~ (2

R,NHTiF;* + R;NH —> R,NH,* + (R,NTiFy). (3

ReNH + Ti,Fy~ —> R.NHTIF, + TiFy~ (4
ReNH + TiFy~ + R,NHTiF, —>

RoNH:* + TiFe~ 4+ (R:NTiF;). (5)

2R,NH,* + TiFy~ —> (RNH, "), TiFe™  (8)

Solids isolated at the completion of reactions of
the three secondary amines studied closely ap-
proximate a mixture of 2TiF;RoN 4+ [ReNH;Je-
TiFe. The yields are near quantitative. The
same interpretation of the conductance curve re-
ported for diisopropylamine? applies to both di-
isopropyl and diethylamine.

The above scheme is obtained by assuming that
each step (except 1, 3, and 4) goes nearly to com-
pletion before a subsequent step is initiated.
This is expected if the added amine reacts with
the most acidic species in solution, and there is an
appreciable diference in the acidity of TiF,,
Ti,Fy~, ‘and TiFz~. Other schemes can be pro-
posed if a delicate balance between competing
equilibria is assumed. The similarity in the be-
havior of the three secondary amines which differ
in basicity toward a proton and in steric require-
ments toward Lewis acids supports the assump-

(9) In the scheme the reactions have been simplified by omitting
solvent coodrdination.
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tion that the acidities differ appreciably and each
step is nearly completed before a second one be-
gins. This is the significance of the study of these
reactions with additional secondary amines.
Mechanisms have been considered which in-
stead of step 2 involve removal of a proton from
the addition compound R,NHTIF, by either
amine or solvent. These schemes would account
for the rise in conductance by the presence of
either the RoNHy* or (CH,),COH™* ions.  Argu-
ments against these reaction sequemnces in excess
TiF, have been presented.? When the reaction
is carried out by adding a solution of TiF: to a
solution of the amine, instant precipitation oc-
curs. Under these conditions proton removal
may be important and this scheme may be opera-
tive
R,NH <4 TiF, —> [RyNHTiF,] (1)
RyNH 4+ [RyNHTIF,] — RoNHy ™ + RyNTIF T~ (2)
2RyNH;* + TiF, + 2F~ —> (RyNHy*), TiFe™  (3)

Steps 1, 2, and 3 occur concurrently. The great
affinity of TiF4 for F~ is manifested by the forma-
tion of TiF¢= in the presence of such a large excess
of amine.

Tertiary Amine Reactions.—The proposed mech-
anism for the reaction in excess TiF, would pre-
dict a conductance increase with a tertiary amine
base, whereas those niechanisms bhased upon pro-
ton removal would not. The results obtained in
the titration of TiF, with pyridine (Fig. 1) demon-
strate the predicted conductance increase which
lends further support to the proposed mech-
anism. The pyridine curve can be explained by
the sequence (py = pyridine)

TiF, + py —> [TiFipy] (1)
[TiFpy] + 2TiF; —> pyTif,* + TiFe~
2py + pyTiFyt + Tily™— 3/x(pyTifs),  (3)

Steps 1 and 2 occur concurrently upon pyridine

Inorganic Chemistry

hY

o
¥
1

o
T
I

CONDUCTANCE 4 HO, 103
[e)
i
H
1

-+

| . . :
0 ol 05 10 1.5

MOLE RATIO
PYRIDINE : TiFy

Fig. 1.—Conductometric titration curve for the titration
of TiFs by pyridine in acetone (0.18 3/ TiF, solution).

addition. The high conductance obtained at 0.3
supports the formulation of TiF¢~.? Heavy
precipitation begins at 0.25 and continues
throughout the reaction. That step 3 is initiated
before steps 1 and 2 are completed is evidenced by
copious precipitation at (.25 mole ratio. A mole
ratio of (.33 is required for completion of steps 1
and 2. Concurrent occurrence of steps 1, 2, and
3 results in a flat maximum and a slightly lower
conductance than that expected for complete
conversion to Ti;Fe™ at 0.33.

The compound py TiF, is most probably a
polynieric material consisting of six-codrdinate
titanium. The polymeric nature explains the
insolubility of this material in acetone. The
significance of this pyridine titration lies in the
existence of conducting species in TiF,-rich solu-
tions.
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