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clusters by the bis(amin0)borane. The bridging in 
(1) may be eliminated because the distance between 
chlorine-bridged Ti centers is too large a reach for the 
bis(amino)borane even when one considers sp3 boron. 
Structure (2) is almost as favored as the chelate struc- 
ture-the latter being favored on the basis that the ob- 
served coupled infrared vibrations for v(BN2) and 
v(BC1) are a result of strained ring formation. A dis- 
cussion of this feature of the infrared spectrum of I 
has been presented. 

Experimental Section 
The preparation of [ (CH3)zWIzBCl .TinCls has been previously 

described.'% Infrared samples were ground under dry nitrogen 
in a glove bag, mixed with Nujol (previously dried over sodium) 
or Flurolube (previously dried over Linde Molecular Sieve Type 
4A), and enclosed between KBr plates fitted with Teflon gaskets 
to inhibit hydrolysis and oxidation. Infrared measurements were 
carried out with a Perkin-Elmer Model 337 grating spectro- 
photometer in the range 4000-400 cm-l; the range 500-250 cm-l 
was recorded with a Perkin-Elmer Model 457 grating spectro- 
photometer employing polyethylene plates. Electronic spectra 
were obtained on solids ground with Nujol and enclosed between 

quartz plates; a Cary Model 14 spectrophotometer was em- 
ployed. 

Reaction of [(CHI)IN]ZBC~ 'Ti2C16 with [ (CHZ)~N]~BCI.--I 
(261.8 mg, 0.59 mmol) was treated with [(CH~)~N]ZBCI (1.1344 g, 
8.44 mmol) a t  -35". The heterogeneous reaction mixture was 
vigorously stirred for 18 hr a t  32". All materials volatile a t  25" 
were distilled from the reaction vessel into a trap maintained at  
-196'. The contents of this trap were warmed to 25'; a 
yellow solid (ca. 10 mg) precipitated from a pale red solution. A 
pale yellow liquid was separated from the yellow solid by distilla- 
tion into an adjoining trap at  -196". This liquid was identified 
as [ (CH~)ZN]ZBC~ (1.0992 g, 8.16 mmol) by its 25.0" vapor 
tension of 5.0 Torr and vapor phase infrared spectroscopy. The 
nonvolatile residue in the reaction vessel consisted of a brown 
solid. Bis(dimethy1amino)chloroborane (1.0992 g, 8.16 mmol) 
was again distilled into the reaction vessel and the reactants 
vigorously stirred a t  32" for 15 days. Bis(dimethy1amino)- 
chloroborane (1.0720 g, 7.98 mmol) was separated from the 
reaction mixture in the manner previously described and identified 
by its 25.0" vapor tension of 5.0 Torr and vapor phase infrared 
spectrum. The analytical composition of the nonvolatile brown 
residue in the reaction vessel is ca. I +O.~[ (CH~)ZN]~BCI .  
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Treatment of bis(dimethylamino)chloroboranehexachlorodititanium(VI), [(CH3)2N]zBCl.TizCle, with HC1 affords bis(di- 
methy1amine)dichloroboronium heptachlorodititanate(VI), { [ ( C H ~ ) Z N H ] ~ B C ~ Z  1 + {TizCl?] -. Pyrolysis of the latter affords 
dimethylaminodichloroborane, (CH3)2NBClz, and dimethylammonium heptachlorodititanate(VI), [ (CHa)zNH2] '[TizCl,] -. 
Both of the heptachlorodititanate anions are low-spin binuclear species. 

Introduction 
The characterization of bis(dimethy1amino)chloro- 

boranehexachlorodititanium(VI), [(CH&N]zBCI Tiz- 
Cl6, by interpretation of magnetic susceptibility 
data as well as infrared and electronic spectrophotom- 
etry has been reported. Treatment of [(CH&N]2- 
BC1.TizC16 (hereafter referred to as I) with HCl was 
effected to determine the susceptibility of the coordinate 
NTi bond to protonation. 

Results and Discussion 
Preparation and Characterization of Bis (dimethyl- 

amine)dichloroboronium Heptachlorodititanate(VI), 
{ [(CH~)ZNH]~BC~Z] +{TiZCl7) -.-Treatment of [(CH3)2- 
i\TlzBC1.Ti2Cle (I) with HC1 (3 atm) in the temperature 
interval 50-80' results in the formation of 1'2HC1, 
hereafter referred to as 11. A similar protonation of 

(1) (a) Part 11: G. S. Kyker and E. P. Schram, Inorg. Chem., 8, 2313 
(1969). (b) Completed in partial fulfillment of the Ph.D. degree. (c) 
T o  whom correspondence should be addressed. 

(2) G. S. Kyker and E. P. Schram, Inorg. Chem., 8, 2306 (1969). 

the free ligand, associated with 11, takes place to afford 
[ (CH~)ZNH]ZBC~Z+C~-. This latter reaction differs 
from the former in the ease of protonation; [(CH3)zN]z- 
BC1 reacts rapidly with 2HC1 a t  25" to form the in- 
dicated salt whereas more severe reaction conditions 
were necessarily employed with I. Because [ (CH3),NI2- 
BC1 reacts rapidly with HC1 to afford the boroniuni 
salt [(CH&NH]zBClz+Cl-, the possibility that addi- 
tion of 2 mol of HC1 to I might occur in a similar manner 
to afford { [(CH&NH]zBClei +{TizC17) - (11) was in- 
vestigated. I1 does not contain unreacted I2 or TiC13 
on the basis of X-ray powder pattern data; in a similar 
manner the absence of [(CH&N]2BCl2+C1- and 
[(CH&NH2]+C1- is assured (Table I). In an effort 
to determine if the cation [ (CHB)ZNH~]ZBC~~+ was 
present in 11, an infrared investigation of the latter 
species was carried out. 

Evidence for [(CH&NH]zBCl2+ in 11. A Comparison 
between the Infrared Spectra of [(CH3)2NH]zBC12+C1- 
and 11.-The cation associated with [(CH3)2NH]2- 
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Figure l,-Infrared spectra of (a )  [ ( C H I ) ~ N H ] ~ B C ~ ~ + C ~ -  (mull) and (b) { [(CH3)2SHl2BClJ1+JTi2C1:~ - (mull) 

TABLE I 

{ [(CH3),I\H]2BC12] T(TiL17] -, ( 2 )  [(CH3hSH]LBC12+Cl-, 
X-RAY POWDER DIFFRACTION DATA FOR (1 1 

AXD ( 3 )  (CH3'riSHi+Cl- 

(1) 

9.66 mb 
8 .71  m 
7.47 s 
6.49 m 
5 .97  s 
5 .66  s 
5 .13  TY 

4 .78  m 
4 10 VVIV 

3 .64  vvw 
3 .35  1%. 
2.93 m 
2 .78  vw 
2.55 vw 
?.07 vvw 
1 .81  vvw 

12.11 m 
6 0 8 s  
5.56 vs 
5.20 w 
4 .91  vw 
4 .67  vvw 
4 .23  m 
3 .87  vvw 
3 ,73 v w  
3 .54  m 
3 .40  m 
3 .30  s 
3.17 in 
2 .97  in 

2 .88  v w  
2.80 w 
2.57 w 
2.67  w 
2.49  m 
2 .39  w 
2.35  w 
2.25 7%. 

2.03 vw 
1 .97  vw 
1 .85  w 
1 . 78 w 
0 .98  VVTV 

0.97 vvw 

(3 ) 
4 .98  s 
3 .64  vs 
3 . 3 5  w 
3.10 w 
-3 94 s 
2 .78  m 
2 58, 
"29 w 
2.17  \v 
1.89  w 

e M. J. Brock and M. J. Hannum, -4naZ. Chenz., 27, 1.374 (1955). 
b Visually estimated intensities. 

BCl?+Cl- has a ClPBNBH2C4 skeleton of essentially 
C2v symmetry, Therefore, certain skeletal vibrations 
of this boronium salt can be assigned by reference to 
vibrational assignments for [ (CH&N ]?BCl, also of 
CPv symmetry.2 In the process of assigning group 
frequencies in the spectrum of the boronium salts, 

(3) G. S .  Kl-ker and E. P. Schram, J .  A m  Chem. Soc., 90, 3678 (1968). 

consideration must also be given to (1) frequency shifts 
in ligand modes which result from the change in the 
coordination number of boron (3 to  4) and from pro- 
tonation of the dimethylamino groups and (2) appearance 
of the new modes v(SH), v, ,(BC~~),  v,(BCIB), and 
6(BC12) as the result of the formation of NH and an 
additional BC1 bond. The infrared spectrum of [(CH8),- 
NH]ZBC~~+CI-  is shown in Figure la and data are sum- 
marized in Table 11. The spectrum of [(CH&XHl2- 
BC12TC1- contains intense absorptions in the interval 
2300-2777 cm-' which are assigned to v(SH. . .el), 
where the dots represent a hydrogen bond. This 
assignment is based on the fact that the spectrum of 
(CH&NH2+C1- contains intense absorptions in the 
2400-2800-cni-' interval which have been assigned to 
v(NH. . .C ' )  . 4  It is interesting to note that XH 
stretching frequencies have been calculated to occur 
between 3100 and 3300 em-' for compounds in which 
hydrogen bonding is absent5 These calculations are 
verified for salts in which hydrogen bonding is inherently 
unlikely; e.g., v(NH) is found in the interval 3214- 
3153 cm-I for [CHaNHa]+[BCl?]- and [CeH5NH]+- 
[BC14]-.6 The charge density on the resulting anion 
is less than on C1-; thus, the decreased hydrogen bond- 
ing is understandable. Therefore, if I1 contains the 
Ti2C17 - anion, a corresponding absence of hydrogen 

(4) J. Bellanato, Spectvochim. Ac ta ,  16, 1341 (1960). 
( 5 )  B. Chenon and C. Sandorfy, CQW. J .  Chem., 36, 1181 (1958). 
(6) W, Kynaston, B. E. Larcombe, and H. S. Turner, J. Cheni. Soc., 1772 

(1960). 
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TABLE I1 

AND (b) { [(CH3)2NH]2BClA} +(TinCh}- 
INFRARED FREQUENCIES AND GROUP VIBRATIONAL ASSIGNMENTS ITOR (a) I(CI-IJ)ZNIT]ZBCI~ +C1- 

-Freq, cm-1 (f5 cm-lb-- 
Assignments (a) (b) 

3189 s vWH) 

4CH) 3020 m 3061 m, sh 
2957 vs, sh 2979 vw 
2931 vs 2749 vvw 
2881 vs. sh 

2777 vs 2682 vvw 
2666 vvs 2481 vvw 
2505 m 2421 vvw 
2486 m, sh 2287 vvw 
2468 m 2192 vvw 
2432 w, sh 
2298 vw 

1652 vvw 1462 vvs 
1472 vs 1433 vs, sh 
1463 vs, sh 
1444 m 
1427 m 

&(CHa) 1415 s 1402 s 

1366 s 
1376 s 1385 s, sh 

b(n’H) 1361 s 1265 m 

p(CHs) 1226 w 

P(CH3) 1168 vw 1199 w 
1145 s 1170 m 
1132 s 1147 m, sh 
1107 vw, sh 1130 s 

P(CH3) 1055 vvw 1046 w 

bonding is to be expected. The spectrum of I1 does 
indeed contain strong bands, in the interval 3100-3300 
cm-’, which is consistent with the absence of hydrogen 
bonding. The CH modes overlap, to some extent, with 
the NH stretching vibrations ; however, the absorptions 
in the interval 2800-3020 cm-I are assigned to v(CH). 
For comparison, the CH stretching modes in the spec- 
trum of [(CH3)2N]2BC1 are found in the interval 
2805-3017 ~ m - ’ . ~  The infrared spectrum of [(CH&- 
NH]2BC12+C1- contains absorptions in the interval 
1427-1472 cm-1 which are assigned to 6,,(CH3) and in 
the interval 1376-1415 cm-I which are assigned to 
6,(CH3). For comparison, the asymmetric and 
symmetric methyl deformations in the spectrum 
of [(CH&NI2BC1 are found at  1452 and 1400 cm-l, 
re~pectively.~ The absorption a t  1361 cm-I in the 
spectrum of [(CH3)2NH]2BClz+Cl- is assigned to 
6(NH). This assignment is based on two facts. First, 
the infrared spectrum of [CH8(H)N ]aB contains an 
absorption a t  1277 cm-I which can be attributed to 
6(NH).’ Second, hydrogen bonding is known to result 
in a shift of 6(NH) to higher energy, relative to those 
observed for compounds in which hydrogen bonding is 
absents Thus, the 1361-cm-’ absorption is considered 

(7) D. W. Aubrey, M. F. Lappert, and H. Pyszora, J. Chem. SOL., 5239 

(8) K. Nakamoto, “Infrared Spectra of Inorganic and Coordination Com- 
(1960). 

pounds,” John Wiley & Sons, Inc., New York, N. Y., 1963. 

Y F r e q ,  cm-1 (A5 cm-I)-- 
Assignments (a) (b) 

vu (NCz 1 1017 vs 1020 vs 
1007 vs 1008 vs 

991 vs 

971 vvw 952 m P(CH3) 

vas (‘OB N2) 940 s 924 s 

vas ( IIB Nn ) 924 vvs 899 vs 
907 s 881 s 

vs (NCZ) 866 s 838 vs 
851 vvs 
835 vvs 

825 s ,  SI1 

vs( l0B Nz) 812 m, sh 

vs ( N Z  1 802 s 804 s 

v,,(BC1z) 771 vvs 778 s 
754 m. sh 749 m 

vI(B CL ) 727 m 732 s 
a(BNz)  539 s 579 vvw 

527 w 

6(BCL) 508 vvs 496 m 
468 vvw? 

v,,(TiCl) 446 m, sh 
408 vvs, sh 

the correct choice for 6(NH). The absorptions in the 
interval 1107-1168 cm-I in the spectrum of [(CHs)2- 
NHIzBCl2fC1- are assigned to p(CHB). In the spec- 
trum of [(CH&N]2BCl, p(CH3) occurs a t  1143 cm-’ 
with a shoulder a t  1152 cm-1.3 The splitting of these 
two absorptions to four bands in the spectrum of 
[(CH3)2NH]2BC12+C1- may result from the lower 
“local symmetry” of the dimethylamino moieties, 
C,, in the boronium salt with respect to that in the 
aminoborane, Cz,. Also, the absorptions at  1215 and 
1191 cm-‘ in the spectrum of [(CH&N]2BCI, assigned 
to P ( C H ~ ) , ~  are absent in that of the boronium salt. 
These modes may be infrared inactive in C, symmetry. 
Packing in the crystalline state may also decrease the 
amplitude of these out-of-plane vibrations so that the 
intensities would be extremely low. The v(NC2) 
asymmetric and symmetric modes are found a t  1074 
and 907 cm-I in the spectrum of [(CH3)2N]2BC1. 
In proceeding to the infrared spectrum of [(CH&NHI2- 
BCl2+CI-, these modes are expected to shift to lower 
energy as a result of protonation of the dimethylamino 
moieties. For example, v,,(NC2) and v,(NC2) modes 
shift from 1079 and 930 cm-I, respectively, in the in- 
frared spectrum of (CH3)2NH9 to 1022 cm-’ (A = 
-57 cm-l) and 867 cm-I (A = -61 cm-l), respectively, 

(9) J. E. Stewart, J. Chen. Phys., 30, 1259 (1959). 
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in the spectrum of (CH3)2NH2+C1-.4 Indeed, similar 
shifts in these KC2 modes are found in proceeding from 
the infrared spectrum of [(CH&NI2BC1 to that of 
{ [(CH3)2Nl2BClj2(TiC14)3, ;.e., v,,(NCz) and v,(NCd 
shift - 60 and - 83 cm-l, respectively, upon complexa- 
t i ~ n . ~  Therefore, similar frequency shifts in the NC2 
modes are expected in proceeding from [(CH&N]z- 
BC1 to [(CH3)2NH]zBClzfC1-. In the spectrum of 
[(CH&NH]zBCL+Cl- the v,(KC2) is assigned to the 
bands a t  851 and 833 cm-l, A = -67 cm-l. The 
splitting of these bands apparently results from the 
lower local symmetry of the dimethylamino moieties 
in this salt, C,, relative to that in [(CH3)2X]2BC1, CW. 
In the spectrum of [(CHs)2NH]2BC1+C1- the absorp- 
tions a t  925 and 943 cm-' have been assigned to vas 
('OBN2) and vas(11BN2), respectively. lo These assign- 
ments appear reasonable because protonation of the 
dimethylamino moieties should decrease the BN bond 
order relative to that in the unprotonated aminoborane. 
Also, the transition from three- to four-coordinate boron 
is expected to result in a shift of Y(BN) to lower energy 
because of decreased s character in the BN bond. The 
absorptions a t  812 (m, sh) and 802 (s) cm-' in the spec- 
trum of [(CH&NHI2BC12~Cl- are assigned to  v,(loBN2) 
and v,("BN2), respectively. These assignments are 
based on the presence of the loB isotope bands, the lower 
intensity of Y ,  relative to Y,,, and the fact that this band 
is generated by addition of HC1 to [(CH&N]2BCl. In 
the spectrum of [(CH&NHj2BC12+C1-, the absorptions 
in the interval 842-849 cm-l have been assigned to 
v(BCI2) .lo The frequencies of these absorptions appear 
to be too high for v(BC1) in a four-coordinate boron 
because these modes have generally been assigned to 
absorptions in the range 630-iSS cm-I, i .e . ,  630-750 
cm-I for BC14- and 755-783 cm-l for (CK3)3N.BC13." 
Therefore, the absorptions a t  771 and 727 cm-I, in the 
spectrum of [(CH3)2NH]2BC12+C1-, are assigned to 
va,(BC12) and v,(BCl?), respectively. The absorption 
centered at 539 cm-I in the infrared spectrum of [ (CHB)~-  
NH]zBClz+CI- is assigned to 6(BNz), i . e . ,  a net shift 
of -42 cm-l from the same mode in the spectrum of 
[(CH&Nj2BC1 (579 cm-I). This shift of 6(BNz) to 
lower energy apparently results from a weakening of 
the BN bond as a result of protonation of the dimethyl- 
amino moieties and the transition from three- to four- 
coordinate boron. The absorption centered a t  539 
cm-l in the infrared spectrum of [ (CH&NH]2BC&+Cl- 
is assigned to 6(BC12). In support of this assignment, 
the spectrum of (CH3)2NBClz(g) contains a band a t  
525 cm-' which has been assigned to 6(BC12).12 

Assignments for Group Frequencies in the Vibra- 
tional Spectrum of { [(CH3)2NR]2BC12] + (Ti2C17) (11). 
-The infrared spectrum of the cation in [(CH&NH]*- 
BCl+Cl- is not expected to change drastically upon 
substitution of C1- by Ti2C17-. However, v(NH) is 
expected to shift to higher energy because of decreased 

(10) H. Noth and S .  Lukas, Bey. ,  95, 1505 (1962). 
(11) R. L. Amster and R. C. Taylor, .Sfiecirochim. A d a ,  20, 1487 (1964). 
(12) A. J, Banister, N. N. Greenwood, B. P. Straugban, and J. Walker, 

J. Chew. Soc., 996 (1964). 

hydrogen bonding in the Ti2C17-' derivative. As pre- 
viously discussed, this decrease in hydrogen bonding is 
a consequence of decreased charge density on chlorine 
in TizC17- relative to that on C1-. The infrared spec- 
trum of I1 is shown in Figure l b  and data are sum- 
marized in Table 11. As expected, the infrared spec- 
trum of I1 is similar to that of [(CH3)2XH]2BC12+C1- 
in many respects ; however, certain contrasts are im- 
mediately apparent. The infrared spectrum of I1 
contains only weak absorptions in region 2200-2800 
cm-I, v(NH. . .C1), but an absorption is found at 3189 
cm-l, i.e., in the region expected for v(NH) in a com- 
pound exhibiting no hydrogen bonding. It should be 
noted that similar shifts in v(NH) occur when C1- is 
replaced by FeCli- in [(CH3)2NH]2BC12+C1-; v(NH) 
shifts from 2800 to 3120 cm-'.'O Thus, the occurrence 
of v(NH) a t  3189 cm-l in the spectrum of I1 is con- 
sistent with an ionic formulation similar to that of 
[(CH3)2NH]2BC12+[FeC14]-, i . e . ,  { [(CH3)2NH]2BC12\ +- 

{TizC17)-. The envelope of bands centered at 899 
cm-l in the spectrum of 11, assigned to v,,(BPij%), has 
shifted -25 cm-l from the envelope assigned to the 
same mode in the spectrum of [(CH&NH]2BCl2+Cl-. 
Although the definite cause of this shift is unknown, 
the decrease in hydrogen bonding in proceeding from 
the C1- to the Ti2C1,- derivative would appear to be 
the most likely. The v,,(NC2) mode in the spectrum 
of I1 (1020, 1008, 991 cm-l) is split into three bands 
while the same mode in [ (CH3)2NH]2BC12+Cl- consists 
of only two bands (1017, 1007 cm-I). Also, the 
v,(NC2) mode, in the spectrum of 11, consists of a single 
band with a shoulder on the low-energy side whereas 
the same mode is split into three well-defined bands in 
that of [(CH3)&H]2BC12+C1- (866, 851, 835 cm-l). 
These differences are apparently a consequence of the 
different "site symmetries" of the cation in the lattice 
of these two salts because in both cases complexation 
of the dimethylamino moieties to titanium(II1) is im- 
probable because protonation of the amino moieties 
has taken place. The intensities of the absorptions 
assigned to 6(BN2) and G(BClz) in the spectrum of 11, 
relative to the other band intensities, are much lower 
than those in that of [(CH3)2NHI2BC12+C1-. It ap- 
pears that the site symmetry of [(CH&NH]zBClz+, 
in 11, is such that these deformations are less infrared 
active than in [(CH&NHI2BC12+C1. 

The absorption a t  1265 cm-l in the infrared spectrum 
of I1 is assigned to 6(NH). It should be noted that the 
infrared spectrum of [(CH&NHI3B contains an absorp- 
tion a t  1277 cm-1 which is also assignable to 6(NH).' 
The band assigned to 6(NH), in the spectrum of 11, 
shifts to 1361 cm-l in the spectrum of [(CH&NH]z- 
BC12+C1-. This shift to higher energy most likely re- 
sults from the increased hydrogen bonding in this latter 
boronium salt. Similar shifts of 6(NH) to higher energy 
have also been attributed to hydrogen bonding.13 
The very intense absorptions a t  446 and 408 cm-', in 
the spectrum of 11, are absent in that of [(CH&NH]z- 

(13) H. J. Becker, S$ecluochim. Acta, 19, 575 (963). 
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BClZ+Cl-. Therefore, these absorptions do not arise 
from vibrations of [(CH&NH]zBClzf and are assigned 
to v,,(TiCI) associated with Ti2Cl7-, possibly indicative 
of five-coordinate titanium.Ia In  conclusion, the infra- 
red spectrum of I1 is considered to be consistent with 
the ionic formulation { [ (CH~)ZNH]~BC~Z)  + {TiZClT} -. 

Electronic Absorption Spectrum of 11.-The ab- 
sorption spectrum of 11, Figure 2, contains no d -+ d 
transitions in the near-infrared and visible regions which 
are characteristic of five- or six-coordinate titanium- 
(111) complexes, respectively. However, very broad, 
poorly defined charge-transfer bands are found at  27.39 
and 35.69 kK. The frequency of the lowest energy 
charge-transfer band is close to that observed for I, 
27.59 kK, and may be characteristic of five-coordinate 
titanium(II1). la Indeed, this conclusion would be 
consistent with the interpretations of the inffared spec- 
trum of I1 in which va,(TiC1) is thought to be character- 
istic of five-coordinate titanium(II1). 

W l V L L E N G T H  (1) 
3.000 4,000 5,000 

r 

Figure 2.-Electronic absorption spectrum of { [(CH~)ZNH]Z- 
BC12] +{ TizCl7) - (solid state). 

Magnetochemistry of 11.-The molar magnetic sus- 
ceptibility of I1 is 535 X cgsu (not corrected for 
TIP) a t  297.5"K (peffcor = 0.80 BM per Ti(II1)). 
The exchange of electron spin between the titanium- 
(111) atoms is most likely of the intramolecular type 
because the susceptibility is independent of field 
strength. The magnetic moment of I1 a t  297.5'K, 
0 3 0  BM per titanium(III), is slightly lower than that 
observed for I a t  297.2'K, 0.89 BM per titanium(II1). 
In both cases these data are not corrected for TIP. 

In summary, the infrared spectrum of I1 confirms 
the presence of [(CH3)2NH]~BC1zf and is indicative of 
five-coordinate titanium(II1). The lowest energy 
charge-transfer band in the electronic absorption spec- 
trum of I1 occurs in the same frequency interval as 
those observed for other five-coordinate titanium(II1) 
complexes and the magnetic moment of I1 is consistent 
with the presence of a binuclear titanium(II1) cluster, 
Ti2C17-, in which considerable exchange occurs between 
adjacent metal atoms. 

Preparation and Characterization of Dimethylam- 
monium Heptachlorodititanate(VI), [(CH&NH2]+ [Tiz- 

Cl,] -.-The boronium salt [(CH3)2NH]zBC1z+Cl- de- 
composes in the interval 180-200°, in vacuo, to afford 
(CH&NHz+Cl- and (CH3)2NBClz;10 therefore the 
thermal degradation of { [(CH&NH]2BC12) + {TizC17] - 
(11) was investigated to determine if a similar mode of 
decomposition would take place. Indeed, I1 decom- 
poses in the interval 98-180", in vucuo, to afford (CH3)Z- 
NBClz and a nonvolatile brown solid; no (CH3)z- 
NH2+C1- sublimed from the hot zone. The yield of 
(CH&NBC& is 94% of that calculated for the degrada- 
tion equation 
{ [(CHa)3NH]gBC12} +{TizCl~) - ----f 

I1 98-1800 

i n  vacuo 

(CHdzNBCL + [(CHd2NHd +[Ti,CLI - 

The quantitative recovery of (CH3)zNBC1z was not 
achieved because the monomer partially converted to 
the nonvolatile dimer during transport. Thus, the 
yield of (CH3)2NBC1z is considered to be essentially 
quantitative for the degradation. 

The nonvolatile brown solid produced in the pyroly- 
sis of I1 is formulated as [(CH3)2NHz]+[Ti2C17]- 
(111) on the basis of the stoichiometry of the decom- 
position of I1 and the interpretation of infrared data. 
Furthermore, X-ray powder pattern data for this brown 
solid, Table 111, contain no lines Characteristic of 

I11 

TABLE 111 
X-RAY POWDER DIFFRACTION D ~ T A  FOR 

[(CH3)2NI131 +[TizChI - (4  A)  
8.80 vsa 3.18 vvw 1.94 m 
7.73 m 3.07 vw 1.86 vvw 
6.94 s 2.93 vs 1.80 m 
6.37 vs 2.78 w 1.72 vw 
5.45 w 2.54 s 1.67 vw 
5.15m 2.44 vvw 1.60 vu' 
4 .77m 2.36 w 1.56 vu' 
4.06 w 2.14m 1 .52  vw 
3 . 8 5 ~ s  2.06 m 1.47 vvw 
3.44 vvw 1.99 w 1.42 vvw 

a Visually estimated intensities. 

( C H ~ ) Z N H ~ + C ~ -  or I1 (see Table I) and the various 
crystalline modifications of TiC13. Also, the infrared 
spectrum of I11 (Figure 3b; data in Table IV), contains 
no absorptions a t  1030 and 890 cm-l characteristic of 
(CHa)zNHz+Cl- or a t  1130 and 991 cm-' characteristic 
of I1 (see Figure 1 and Table 11). On the bases of the 
combined infrared and X-ray data, I11 does not contain 
(CH&NH2 +Cl-, undecomposed 11, or TiC13. The 
solid-state infrared spectrum of 111 was compared to 
that of (CH&NH2+Cl-, in order to prove the presence 
of the dimethylammonium cation in the salt. 

Solid-state Infrared Spectrum of 111. Dimethyl- 
ammonium Ion Vibrations.-The infrared spectra of 
(CH3)2NH2fC1 and [(CH3)2NHZ]f[Ti2C17]- (111) are 
shown in Figure 3a and b, respectively, and data are 
summarized in Table IV, columns a and b, respectively. 
The vibrational spectrum of [(CH&NHz] f [Ti2C17] - 
(111) is similar to that of (CH3)LNH~+C1-; however, 
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differences are apparent which may be understood when 
one considers the different magnitudes of hydrogen 
bonding in these two salts. The intense absorptions 
in the interval 2300-2900 cm-', v ( N H . .  in the 
spectrum of (CH&NH2+C1- are absent in that of $ 0 4  

[(CH&NH2]+[TizCl7]-. Instead the latter compound 5 05 

exhibits absorptions in the 3131-3300-cm-1 region 
which are assigned to overlapping K H  and CH stretch- 

v(KH) in proceeding from (CH3)eNH2+C1- to 
NHz]+ [FeCh] - and have already been attributed to 
decreased hydrogen bonding in the latter salt, The 
occurrence of v(NH) in the interval 3131-3300 cm-I 

v) 

m a 
i - 

I0  

ing modes. Similar shifts have been observed for m I I I 
I200 I000 800  600 403 250 

W A V E N U M B E R ( C M - ' )  

Figure 4.--Far-infrared SPectrUrn of [ (CHs)dH, ]  +['riaCh] - 
(mull). 

in the spectrum of I11 is consistent with the presence 
of the Ti2C17- moiety which exhibits small H .  . .C1 
bonding interactions. The spectrum of I11 contains 
bands at 1599 and 1573 cm-' which are assigned to 
6(NH2). For comparison, these modes occur a t  1612 
and 1586 cm-l in the spectrum of (CHs)2NHs+C1-.4 
The v,,(NC2) and vs(NCS) modes shift from 1030 and 
880 cm-', respectively, in the spectrum of (CH3)z- 
NHZ+Cl- to 1009 ( A  = -21 c n r l )  and 806 cn1-l 
(A = -74 cm-l), respectively, in the spectrum of 
111. The exact causes of these shifts are unknown; 
however, the decrease in hydrogen bonding in proceed- 
from (CHs)2NHr+Cl- t o  T T I  appears important. 
Similar shifts (-25 and -80 cn-I) in these NCS 
modes have been observed in proceeding from (CH& 
NH2C1 (1030 and 880 cm-l) to [(CH3)2NH2]+[BC11]- 

(1005 and 800 cm-1)>6 i.e., in proceeding from a salt in 
xhich hydrogen bonding is present to one in which there 
are only weak H. . C1 interactions as evidenced by a 
normal frequency for v(NH). The far-infrared spec- 
trum of 111, Figure 3, contains bands a t  392 (vs, b), 
361 (vs, b), 350 (vs, sh), 332 (s), 297 (w), 283 (m, sh), 
270 (vs, sh), and 255 (vs) cm-'. The absorptions a t  
392 and 361 cm-I are assigned to pas(TiCl). The 392- 
cm-l band is characteristic of five-coordinate titanium- 
(111) while the 361-cm-1 band is characteristic of six- 
coordinate titanium(II1) .la Therefore, it  appears pos- 
sible that the structure of XI1 is comprised of two 
titaniuni(I1 I) moieties of different coordination number, 
i.e., 5 and 6. This spectrum is in contrast to that  of I 
which contained a single band a t  383 cm-l, assigned to 
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TABLE IV 
INFRARED FREQUENCIES AND GROUP VIBRATION ASSIGNMENTS 

FOR (a) (CHa)2KH2+Cl- AND (b) [(CHa)eNH2] +[TizCh] - 

Assignmentsa 

r(NH) + u(CH) 
v(CH) 
v(CH) 4- u(NH) 
4 C H )  

v(SH) 

Combination 
v7 + u27 

--Preq, cm-1 (zk5 cm-I)------- 
(4 (b) 

3468 vvs 3327 m, b 
3211 m, sh 3222 vvs 
2999 vvs 3181 s, sh 
2853 vs 3131 m, sh 
2781 vs 
2521 s 2378 vw 
2453 vs 2284 vw 
2311 m, sh 
2128 w 1782 vvw 
1893 vw 
1726 w, b 
1612 w, sh 1599 in 
1586 m 1573 m 
1534 vw 
1475 s, sh 1464 vs 
1469 vs 1449 s 
1452 s, sh 1437 m 
1433 m 1412 w 
1425 m, sh 
1412 m, sh 
1404 m 1389 s 
1236 s 1270 vvw 
1186 m 
1169 m 1166 w 
1149 m 
1096 s, sh 1078 w 
1087 s 
1030 vvs 1009 s 
987 m 976 vw 
890 vvs 873 w 
880 vs, sh 806 vs 
766 w 722 w 
716 w 

>400 w 416 m, sh 
Q Assignments for (CH3)pNH2+C1- from J. Bellanato, Spectso- 

chim. dcta,  16, 1334 (1960). 

v,,(TiCl). The band a t  332 cm-' in I11 is assigned to 
CNC bending and the envelope of bands a t  283, 270, 
and 255 cm-' is assigned to v,(TiCI). 

In  summary, the interpretation of the vibrational 
spectrum of I11 is consistent with i the formulation 
[ (CH3)2NH~]f[TizC1,]-. The differences between the 
vibrational spectra of the dimethylammonium ion in 
I11 and (CH&NH2+C1- can be explained by considera- 
tion of the relative amounts of hydrogen bonding in the 
two salts. 

Electronic Absorption Spectrum oflII1.-The elec- 
tronic transitions associated with I11 (Figure 5 )  con- 
sist of two well-defined charge-transfer bands centered 
a t  37.02 and 27.02 kK. In addition, a broad low- 
intensity band is found a t  ca. 21.74 kK which is most 
likely a weak d-d transition. The charge-transfer spec- 
tra of six-coordinate Ti(II1) complexes contain bands 
in the region of 21 kK, while those of five-coordinate 
Ti(II1) complexes are in the vicinity of 27 kK.la 
Therefore, the charge-transfer spectrum of I11 is con- 
sidered to be consistent with the presence of both five- 
and six-coordinate titanium(II1) and is in accord with 

W l l V E L E N t T H  ( A ,  
3,000 4.000 5,000 6.C00 
I' , I , 

Figure B.-Electronic absorption spectrum of [ ( CH3j2SH2] +- 

[Ti~C17] - (solid state). 

the interpretation of the f ar-infrared spectrum. 
Magnetochemistry of 111.-The molar magnetic 

susceptibility of [(CH&NHz]+ [Ti2C1,]- is 791 X 
cgsu (not corrected for TIP) at  294.2"K (pLpffCor 

= 0.96 BM per titanium(II1)). The susceptibility is 
field independent and is therefore indicative of intra- 
molecular exchange between adjacent titanium(II1) 
moieties. The structural aspects associated with I11 
and 11, which result in their strong antiferromagnetic 
properties, apparently do not require complexation of 
[(CH&N]zBCl to titanium(II1) moieties, i.e., a bridg- 
ing aminoborane between two metal atoms. Thus, it 
appears that the exchange in 111, as well as in 11, re- 
sults from direct metal-metal interactions, a super- 
exchange through bridging chlorine atoms, or perhaps 
a combination of both. 

Thermal Degradation of 111.-Decomposition of I11 
begins a t  220", in vacuo, as evidenced by a change from 
brown to dark brown. After 2 hr a t  263' the salt de- 
composes to a nonvolatile violet solid and a yellow solid 
(ca. 30y0 of the total mass) which sublimes from the hot 
zone. X-Ray powder data for this violet solid are 
summarized in Table V. Although the X-ray data 
for this material are similar to those for a-, 8-, y-, and 
6-TiC13,2 some lines exhibit marked differences in wave- 
length and intensity. It appears likely that this violet 
solid may be a new crystalline modification of TiC13. 
Furthermore, the solid-state infrared spectrum of this 
violet solid contained no absorptions above 400 cm-I ; 
therefore (CH&NH2+ Iias been removed, powibly in 
the yellow solid. 

In  summary the synthesis of [(CH3)2NHz]+ [TitCl~l- 
(111) is accomplished through the series of reactions 
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TABLE V 
X-RAY POWDER DIFFRACTIOS DATA FOR THE VIOLET 

SOLID OBTAISED FROM THERMAL DEGRADATION OF 

[(CHs)JWi] +[Ti&&] - (4  A) 
5.89 vsa 2.13 m 1.49 vw 
5.45 m 2.03 vvw 1.48 vw 
3.05 vvw 1.79 s 1.46 vvw 
2.94 vvw 1.89 w 1.28 vvw 
2.74 vs 1.66 w 1 . 14 w 
2.55  vvw 1.53 vw 

a Visually estimated intensities. 

represented by eq 1 and 2. 
[(CHa)zN]2BC1-Ti2Cl~ + 2HC1 ---e- 

The solid-state infrared 

I 

1 [(CHs)2NH]2BC12) +(Ti2C17] -- (1) 
I1 

A 
( [ (CH~)~XH]~BCIZ]  +(TisCI,) - 7- 

z i t  vacuo 
I1 

(CH&IYBC12 f [(CHs)zNHt] +[Ti2Cl,] (2) 

spectrum of [ (CH~)ZNHZ] + [Ti&]- is consistent with 
the presence of the cation (CH3)zNHzf and the anion 
TizClT-. The presence of both five- and six-coordinate 
titanium(II1) moieties in [(CH&NHz]+[TizC17]- is 
inferred from the far-infrared and charge-transfer 
spectra. The magnetic properties of [ (CH~)ZNHZ]+- 
[Ti*Cl,]- are consistent with a Ti2C17- moiety in which 
appreciable exchange occurs between adjacent titanium- 
(111) atoms. 

Proposed Structure for Bis(dimethy1amino)dichloro- 
boronium Heptachlorodititanate(VI), { [ (CH3)zN]zB- 
CI,} +{TizC1,) - (II).-The structure of the anionic por- 
tion of 11, Ti2C17-, is considered to involve a triple chlo- 
rine bridge with two trigonal-bipyramidal Ti  atoms shar- 
ing a common face. The bases for this geometry are: 
(1) the cation has been identified as [(CH&NHI2- 
BClzf by infrared spectroscopy and its mode of decom- 
position ; therefore, the anion stoichiometry involves 
TizC17-; ( 2 )  the far-infrared and electronic absorption 
spectra have been interpreted in terms of five-coordinate 
Ti ;  (3) the magnetic susceptibility of I1 indicates a 
binuclear species; and (4) the proposed structure is 
more symmetrical than the possible alternate proposals 
with the pseudo-precedent being the geometry of 
TiZClg3- ion which involves a triple chlorine bridge.14 

We are investigating the reactions of I with Lewis 
bases as well as those of oxidative addition and will 
report these results shortly. 

I11 

Experimental Section 
Procedures.-A11 reactions were carried out in the vacuum 

system previously described; similarly, the infrared and elec- 
tronic spectral techniques as well as  magnetic measurement 
procedures have been described.l*,z 

Synthesis and Characterization of 
{ [(CH3)nNHI2BCl2} +{  Ti&& ] - and [(CH,)~NHZ] +[Ti2C17] -.-I 
(538.6 mg, 1.21 mmol) was treated with HC1 (9.85 mmol) a t  ca. 
3 atm and 50" for 237 hr. The color of the residue was brown; 
all materials volatile a t  25' were distilled from the reaction vessel 

Reactions of I with HC1. 

(14) R. Saillant and K. A. D. Wentworth, Inoig. Chem.,  7 ,  1606 (1968). 

and through a -78' trap into one maintained a t  -196'. A 
small amount of light yellow liquid, which collected in the -78" 
trap, was not investigated further. The volatile material dis- 
tilling through the -78" trap was identified as pure HCI (8.82 
mmol) by its -126' vapor tension of 30.0 Torr and its vapor- 
phase infrared spectrum. Hydrogen chloride (1.03 mmol) 
reacted with I (1.21 mmol); thus, the composition of the brown 
residue is 1.0.85HCl. This reaction was continued under the 
conditions described. Tolatiles were intermittently distilled 
from the reaction vessel, and the purity of the HCl, passing 
through - 78" trap, was verified by its vapor tension. The prog- 
ress of this heterogeneous gas-solid reaction is summarized in 
Table VI. The product of the reaction of HC1 with I is a brown 
solid having the composition I '2.03HCl. 

TABLE VI 
COhlPOSITIOS OF BROWN RESIDUE, I.xHC1, AS A 

FUXTION OF REACTION TIME AXD TEMPERATURE 
-Reaction- Amt of IICl Amt  of HC1 I mole 
Time, Temp, iecovered, HC1 lost, ratio in 

hr O C  mmol mmol brown residue 

237 50 8.82 1.03 0.85 
551 55 8.54 1.32 1.09 
647 55 8.30 1.55 1.28 

Additional HC1 (2.62 mmol) Was Added to the Reaction Mixture 
719 61 S O .  77 1.70 1.41 
863 60 10.67 1.80 1.49 
959 71 10.37 2.10 1.74 

1007 80 10.12 2.35 1.94 
1028 88 10.01 2.46 2.03 

Thermal Degradation of 1.2.03HCI.-This brown solid (812.6 
mg, 1.21 mmolj was contained in a reaction vessel and slowly 
heated, in vacuo, in the interval 98-115" for 65 hr. The color- 
less liquid, which slowly evolved, was condensed into an adjacent 
trap maintained a t  - 196' and subsequently identified as mono- 
meric (CH1)sNBCln by its vapor-phase infrared spectrum and its 
vapor tension. The quantity of (CH3)2XBC12 evolved, during 
thermal degradation, was 0.79 mmol. The brown residue was 
heated in the interval 150-160O for 23 hr. A small amount of 
yellow solid sublimed above the hot zone, and a colorless liquid 
slowly collected in a -198" trap. This liquid was identified as 
pure (CH,)zSBClZ. The brown residue was maintained in the 
interval 160-180" for 6 hr. A colorless liquid, identified as 
(CHl)nXBClz, collected in a -196' trap; a small quantity of 
yellow solid sublimed above the hot zone. The total quantity of 
(CH3)zNBClp evolved was 1.14 mmol. Thus, ca. 947, of the 
boron in 1.2.03HCl has been converted to (CH8)PXBClz. Quan- 
titative recovery of (CHS>:!NBC~~ was not possible because some 
of the monomer converted to the nonvolatile dimer during collec- 
tion and P V T  measurements. The brown residue was main- 
tained in the interval 180-188" for 24 hr; no volatiles were 
evolved and the residue was still brown. Qualitative tests on 
the brown residue confirmed the absence of boron. The solid- 
state infrared spectrum of the brown residue is shown in Figure 3, 
infrared data are summarized in Table IV, and X-ray data are 
summarized in Table 111. 

Magnetic Susceptibility of [ (CH3)zNH2] +[Ti2Cl7] -.-Data ob- 
tained for a 311.9-mg sample of the brown solid a t  21" by use of 
a Gouy balance are given in Table 1'11. The force measurements 
summarized in this table are the average of four sets of data; the 
xar data arc not corrected for TIP .  

Reaction of I with HC1.-I (9762,221 mmol) mas treated with 
gaseous HCl (2.48 mmol) a t  25.5' and 172.0 Torr. A set of 
P H C i  data, obtained a t  25.5' and constant volume (ca. 200 ml), 
as a function of reaction time is summarized in Table VIII. 
Hydrogen chloride (0.67 mmol) was recovered from the reaction 
mixture. The composition of the brown solid was 1.0.82HCl. 
Additional HC1 (6.27 mmol) was added to  the reaction mixture. 
consisting of unreacted HCl (0.67 mmol) and a brown solid, 
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TABLE VI1 TABLE I X  
Magnet Magnet 
current, 1 0 a ~ ~ ~ e o r ,  Peii/Ti, current, 1OBXhleorl retr/Ti 

A 6, g F ,  g P', g cgsu BM A B 6, g F', g cgsu ( av ) ,BM 

6 -0.0013 -0.0002 $0.0011 808 0.98 6 608.0 -0.0013 -0.0007 488 
8 -0,0021 -0.0007 +0.0014 796 0.97 8 473.0 -0.0021 -0.0010 587 0.80 

10 -0.0027 -0.0011 10.0016 769 0.96 10 391.0 -0.0027 -0.0016 530 

Reaction time, 
min 

0.0 
1.0 
2.0 
3 . 0  
4 .0  
5 .0  
6.0 

TABLE VI11 
Reaction time, 

P H C I ,  T O I T  min PHCI, Torr 

172.0 7.0 46.8 
134.0 8 .0  46.0 
105.0 9.0 45.0 
80.0 10.0 44.9 
70.0 11.0 44.9 
58.0 25.0 42.2 
51.0 

After 30 min the pressure had dropped from 450.0 to 437.7 Torr. 
Hydrogen chloride (2.25 mmol) reacted with I ;  the composition 
of the brown residue was 1.1.02Hfl. Unreacted HCl was con- 
densed onto the brown solid; the reaction vessel was isolated 
from the adjoining U trap and the manometer by closing a 
Teflon stopcock. The pressure tn this system a t  26" was ca. 6 
atm. the 
composition of the brown solid was 1.1 .lOHCl. Additional HCl 
(12.69 mmol) was added to the reaction mixture. After 72 
hr a t  20' HC1 (3.49 mmol) had reacted with I; the composi- 
tion of the brown solid was 1.1.58HCl. The unreacted HCl was 
again added to the brown residue and the mixture was main- 
tained at 60'. After 70 hr HCl (4.12 mmol) had reacted with I; 
the composition of the brown residue was 1.1.87HCl. After an 
additional 24 hr the amount of HCl lost was 4.33 mmol; the 
composition of the brown residue was 1, 1.96HCl. 

Magnetic Susceptibility Data fer I. 1.96HCl.-Five sets of 
weight deflection data were obtained at  each field strength. 
Susceptibility data (not corrected for TIP)  obtained for a 813.3- 
mg sample at  24.3' are summarized in Table IX. The solid- 
state infrared spectrum of 1.1.96HCl is shown in Figure 1, infra- 
red data are summarized in Table 11, and X-ray powder dif- 
fraction data are summarized in Table I. 

After 24 hr HCl (2.44 mmol) had reacted with I ;  

Thermal Degradation of I. 1.96HCl.-A sample of 1.1.96HCl 
(846.0 mg, 1.64 mmol), contained in a vacuum sublimator, was 
maintained in the interval 200-206', in vucuo, for 72 hr. All 
volatile materials evolved during pyrolysis were condensed a t  
-196'. The sublimate, collected on the condensation tip a t  
4.0°, consisted mainly of a brown solid contaminated with a small 
amount of purple solid. A brownish white material remained 
in the bottom of the sublimator. The volatile materials con- 
densed in the - 196' trap consisted of small amounts of yellow 
and green solids, a viscous red oil (ca. 10 mg), and a red liquid. 
These materials were distilled through a trap maintained a t  10' 
into an adjacent trap maintained a t  - 196'. The materials non- 
volatile a t  10" consisted of a yellow solid (ca. 20 mg), a viscous 
red oil (ca. 10 mg), and a green solid (ca. 2 mg). The volatile 
liquid collected in the -196' trap was identified as (CH3)2- 
NBClz (175.6 mg, 1.40 mmol) by a vapor-phase infrared spec- 
trum. 

Reaction of [ (CH~)~N]ZBCI with HC1.-Bis(dimethy1amino)- 
chloroborane (1.5425 g, 11.48 mmol) was treated with gaseous 
HC1 (3.86 mmol) at -10'. A white solid immediately formed; 
the reaction mixture was stirred for 1 hr a t  27'. All materials 
volatile a t  27" were distilled from the reaction vessel and collected 
in a -196' trap. This colorless condensate was identified as 
unreacted [(CH~)ZN]ZBCI (1.2923 g, 9.63 mmol) by its 25" vapor 
tension of 5.5 Torr and its vapor-phase infrared spectrum. The 
composition of the white solid was { [(CH~)ZN]ZBCI) 1.00 { HCl] 2.09. 

This solid melts in the interval 145-158'. The solid-state infra- 
red spectrum is shown in Figure 1 ; infrared data and assignments 
are summarized in Table 11. The properties of this compound 
agreed well with those reported for [(CHa)2NH]2BC12+Cl- which 
has been prepared by treating [(CHS)ZN]ZBC~ with excess HC1 
in ether.I0 
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