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Abstract:

A study has been made of the molar polarizations of titaniumtetra-ethylate at temperatures ranging
from 20°C to -60°Co' The values obtained were practically constant at these temperatures, The values
ranged from 114.6 cc/mole at. 17°C to 112.3 cc/mole at -60°C.

The associations of titaniumtetrapropylate, titaniumtetrabutylate, and monochloro-triethoxy-titanium,
have been measured in dilute solution in benzene and have been found to be approximately three.

Pure crystals of titaniumtetracthylate were prepared and, identified as being monoclinic. The compound
was optically biaxial and its indices of refraction were: n beta (y) 1.601 more or less, n alpha (x) 1.591
or less, n gamma (z) 1.608 or more. The determination of n alpha and n gamma are only approximate.
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I. ABSTRACT

A study has been made of the molar polarizations of titaniumtetra-
ethylate at temperatures ranging from 20°C to =60°C. - The values obtained
were practically constant at these temperatureés. -The values ranged.from
1146 cc/mole at. 1700 to 11203 cc/mole at -60°C. : o

The a33001atlons of tltanlumtetrapropylate, tltanlumtetrabutylate,
and monochloro=trlethoxybtltanlum, Have been measured in dilute solution
in benzene and have been found to be ‘approximately three.

Pure crystals of titaniumtetraethylate were prepared and identified.
as being monoclinic., The compound was optically biaxial and its indices
of refraction were: n beta (y) L1.601 more or less, r alpha (x) 1.591 or
less, n gamma (z) 1.608 or more, The determination of n alpha and n gamma
aré only approximate. : : ' :
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II. INTRODUCTION

Physical propertieﬁvand structures?of‘inorganic tifanates haﬁe‘been
known for some time but’yery 1ittLais knewn about the.ofganicvdefivatives
of‘TiClh

Some inorganic titanates possess very large dlelectrlc constants and
as such are exceptlonal dlelectrlc materlals.. In view of thls fact it was
. decided to study organic derivatives of TiClh in order to find out more
~about their dielectric 5ehavior° Crowe (1) succeeded in showing that there
was nothlng unusual in the dielectric propertles of these organic compounds
at oﬁdjnary temperatures; however Katz’s (2) werk with the polarization
of titaniumtetraethylate at lower temperatures indicated some interesting
sﬁructural implications. Some restricted rdtation was iﬁdicated and it
was the purpose ofmﬁhe present work to verify this information., Katz also..
.succeeded in preparing irregular crystals of titaniumtetraethylate which
were to be used in X-ray diffraction meesurements-and determination of
crystal habit. BSince this had.not been accomplished ié-Was also desirable
to prepare.fegulan!crysbals if possible to obtain this infotﬁationo

In addition.a_study_of the association of ‘several of these.ofganic
‘derlvatlves Would add. a valuable 1nformation regardlng the nature and

structure of the compounds and the bonds involved,
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IIT. LITERATURE SURVEY

A great advance concerning the structure of molecules has been made
during the past few years through the field Qf dielectriés. The electrical .
.éymmeﬁry or aéymmetry of molecules can be detérmined through these studies,

Prbbably'the best information thaihable on this subject is Debye's "Polar
Molecules® (3) and Smyth's "Dielectric Constant and Molecular Structure®
(4). There are some modifications on the above treatises such as Onsager's
(5) modification of Debye's theory; however, there is a large amount of
work that remains to be done in this field,
Thé literature has little ér no’information regarding the dielectric

or otﬁer.physical properties of organic titanium compounds° A fhorough
_iiﬁeratpre séarch on the part of Crowe (1) and Katz (2) has revealed that
practically nothing is known about the organic esters of‘T101ho

. There is some inforﬁation:on the preparatién of these compounds, -The-

infoimation that. has been used most extensively in.this manner is that of

Bischoff and Adkins (6) and Jenﬁingég'Wéndldw, and Way (7).
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- IV, fHEORY AND POSSIBILITIES

Ordinarily it WOﬁld not be permissable to leave out a theoretical
discussion on the relationship between dielectrics and molecular struc-
tﬁre. However, since this has been adequately discussed in Crowe's thesis
(1) it appears justifiable to refer the reader to this work and to sub-
stitute in its place a discussion about the relationship between dieiec*
trics aﬁd molecular association,

Ligquids may be classified as normal of abnormal, the nbfmal being
those whose preperties conform to-certain laws, and the abnormal being
. those whoSe“properties deviate frbm'their“;awsoﬁ The use of Trouton's
rule and the Eotvos-Ramsay-Shields constant may. be mentioned as particu~
larly common‘methods.of.classificatidn. Abnormality is attributed to
molecular association; a tefm which implies an aggregation of single mol-
ecules into complexes bontaining two or more of the single moleculgsp
The extent of the supposed association is measured by the association
factor which is the avefaééﬂnumber of singie‘moleéules in the actually
existing molecules of the .substance. Thus; if all the single'molecules
have combined to form doubleﬂméiecuies the association factor is 2. If
all the single molecules combine to form aggregates of three, the factor
is 3. The.degreé‘of associatioﬂ‘isp of éoursé, the fraction of the single
molecules which have fqrﬁed aggregates, It is bustomary‘to calculate the .
association factor from the deviation of the property under examinaticn
from the simple law supposed to apply to normal liquids. A phenomenon
which causes a deviation in one property is ap£ to cause deviation in

another as well; liguids which are found'abndrmal,by one method are




g
usually found abnormal by others.

- The cause of molecular assoclation is probably in the stray elec-
trical forces associated with unsaturated or secondary valences which
arise from local dipoles in the molecules, in the forces due to molec—
ular dipoles which vary inversely as the third power of the distances
from the centers of the dipoies, and frpm van der Walls forces. However,
the forces exerted by‘dipoies are much more important than those exefted
by van deriwaals forces;

Thé total polarigzation P, is ﬁade up of three parts; the electronic
polarization Pes the atomic polarization Py, and the polarization due to
the permanent moment Pm. It can be shown (L) that the induced or dig-
tortion polarization, Pg + P, = lmNet/3, where NAié Avogadro;s Number .

o 15 the momént induced in a single molecule by unit electric field.

It can also be shown.thatecos2 e2/f » Where f is a proportionality constant
Which determines the restoring\fgrce exerted upon the charge e when it is
dispiaced a distance x by the action of ; field, 1If the refractive index
n, were determined at wave lengths too short for orientation pol&rizaﬁ
tion P to pccﬁf, thén‘the_molar refraction would not contain the contriw
bution of the shifts 6f atoms‘or radicals in the field of the light wave.
Therefore, the electronic poiarization Py = (n2-1)1/(n? & 2)d, where |
is the molecular weight, and d is the density. If this expression could
be extrapolated fromhthg visible region to iﬁfinite wave length then it
would give approximately the polarization due to the electrons Pg, but
would not give the polarization Pa of the atoms, since atoms vibrate with

frequencies in the infra red region. Therefore, since P, is small and
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extrapolation to infinite wave length only decreases the refraction a
small amount, the molar refraction in the visible region can be considered
as the electronic contribution to the polarization.

From this it follows that molecular association may have little or
no effect upon the value of Pg, and as P& is small, upon Pe + Pa. It is
now evident that studies of polarization can be of little aid in the un-
derstanding of molecular association if Pm= 0. Therefore, it is of
interest now to investigate the relation between molecular association and
Pm, which according to Debye's (3) theory is equal to IdTN2*kT, and where
yc(is the permanent electric moment of the molecule, k the Boltzmann con-
stant and T the absolute temperature.

The effect of molecular force fields upon one another must depend
on the size of their doublets, on the location of the doublets in the
molecule, and the geometrical shape of the molecule. Two simple orien-
tations in which two adjacent molecules might be expected to position them-
sleves in relation to each other are shown in Figure I. In Figure | (a),
the negative end of one may attract a positive end of another with the
resultant effect of lengthening each separate doublet and giving a moment

for both greater than 2/(.
GCD g ?

Figure |
If this occurred, then the number of molecules in the liquid would be

cut in half, and Nin the expression for Pm would then be N/2, and



would be 2z so tha?.Pm‘=‘EH(N/Z)(ZAQ2/9an; 8ﬂN4?/9?Tcﬂ Therefore, forma-
tion of double molecules would double or perhaps ﬁore than double Pm‘
since the doublets are lengthened by attraction., It is indeed much too
simple a picture, because the exﬁenﬁ to which the forces operate i; not
known. However, even if the two single molecules were not associatedv
definitely to act as one, they would attract one aﬁother and orient witﬁ
respect to each other so thaf, when a field was appligd externally to
measure the dielectric constant, the orientation WOuld‘be‘greater than
ﬁhat calculated; Also the shape. of molecules would prevent an exact lin-
ing up of doublets and the éxes‘of.each would probably make an angle of
lesé than 180°. As.thisiangle decreases, fhe polarization decreases and
the effect of.orieﬁtatioﬁ would be to decrease the polarization instead
of increésing it. If the éngle.Befween the axes became éero énd'the
doublets were paraliel as in Figure 1 (b), the mémenté would cancel one
another and the contribution Pm_would become.zeréo‘ Therefore, this
position of the doublets would give a polarization for a polar substance
equal to P, + P, If the first type of orieﬁﬁatiqn ﬁrevails then it is
possible for ﬁany'moleculés to be attracted together and a polarization
could be built up indefinitely in this_manner. Other complex orienta-
tions can also'be visualized which either‘increése or decfease the polar—
ization., If tﬁere are possibilifies of diffefent orientations, it appeérs
probable that if there is not much difference between the energies of the
different ordientations, one orientation may change to the éther aé the
distances between the dipole molecules chéngee Therefore,-when a polar

liquid is dissolved in a nonpolar liquid, the orientation of polar
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molecules may cﬁange froﬁ one type toAanéﬁher with chéngé'in_c..c:ncentration°
When in dilute solution, polar molecules shoqld“assume random orientations
because theyﬁéfe far apart from one anoﬂher, unless they form some kind of
complex molecule which is not dissociated even in dilute s&lution. 4 good
example of this is.acétie acid in benzene solutiono; Changeé in temperature
probably affec£ the type‘of orientation., Increasing temperature increases
the thermal agitation of molecules and opposes orientation, thereby de-
creaéing the polarization, reducing the abnormalitigs of liguids, snd con=

~ formation to the Debye (3) equation becomes closer,
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V. PREPARATION OF COMPOUNDS USED

. Titaniumtétraéthylate - Ti(OGQHglhg This. compound has been prepared

by Bischoff and Adkins (6) according to the reaction
| TiClh + hNaOCQHS o Ti(QGéHS)h~ + LNaCl. |

Crowe (1) describes the reactions and-preparations of this compdﬁnd in den'
taile The prepafation and Steps ﬁere followed exactly excéﬁﬁ for one mod~-
ification. The maﬁerial céntained in the reaction flask, which'inclu&ed
Nacl, T3(00,H,)) ; and C,H0H, was refluxed for'éppfoximately two to three |
hours after thenreactionm‘ This was found to increase the yield. Analyses
for titanium by means‘gf'herolysis.ﬁo Ti(OH)h and ignition to.TiOQ, gave‘
a titanium conﬂent‘ofi20989%; 20.87%, Zlodh%;‘?®;é9%o The theoretical

value is 21.03%,

Titaniumtetrapropylate = Ti(003§72h3 This coripound was prepared by
a method similar to that used in the preparation of Ti(OQ2H5)h° The
reaction is .

. Tiel) o+ LiNaOC »._gi(ogaﬂ7)h +  LNaCl

3
and is described in detail.in the thesis of Katz (2): Analyses for titan-
ium gave values of 16.77%, 16.82%. The theorétical value is 16,90%.

Tifaniumtetrabutylate - Ti(OCh§9lhg This compound was prepéred in

_ the same manner as Ti(OCQHS)'hu The reaction is.

TiCl, 4 LNaOCHg .= .Ti(OC,H + UNaftl,
Analyses for titanium gave values of 13.93%, 1L.06%. The theoretical -
value is 14.08%. .

Monochloro=triethoxy-titanium - TiCl(OCQﬁSl?g This compound was
prepared previously by Hddgson_(s) and Katz (2) énd used in the work' de-

scribed herein, It was prepared according to the method deggribedﬂby
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Jennings, Wardlow and Way (7) by the reaction

'Ti(OCéHS)h + CH,COCL = vTiGl(OCQHS)B + CH COOCQHS°

3 3

The percentage of titanium found was 21.7T%e The-theoretical value is

21.97%. Chlorine founds 16.37%. Theoreticals 16.22%
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VI, POLARIZATION OF Ti(0C,H)) AT LOW. TEMPERATURES

The molar polarization of.Ti(OCQHS)h has been detérmined at tempera=
tures.ranging. frem.172C.to ~60°C, By measuring the. capacitance of a seriés
of dilgte solutions thevdielectric cpnstants of solutions méy}be computed,
The densities of these solutions were thén measured and with these prelim=
. inary data it was possible to calculate the molar polarizations of the
com.pounds°

Apparatus used for measurementsz The apparatus used for these deter-

minations is described in’ Crowe's thésis (1), A pump was connected,
through a series of copper coila, to a small thermos reservoir. The
réservoir and pump were connected directly to the wa%er jacket of the
cell containing the solutiops. Technical acetone was pumped through
the éopper coils which were immersed in a large thermos containing the.
cooling"solution of acetone and dry ice.. The acetone cooled in this
“manner was free of'COQ.and gave a steady flow, The acetone was then
introduced .into. the reservoir, énd then forced through the cell., "The
'Purpose of the reservoir.was.to,facilitate.thé filling'of the system
with acetones ...

A chromel=alumel thermocouple was used for.the temperature measure~
-ment. One. junction was kept in a constant temperature bath at 25°¢ and
.ﬂhe.othen.junction.wﬁs.in the.solution_in the cell. The temperature was
taken by reaaing‘the emf produced on a D'Arsonval type galvanometer man-
bﬁfactured by the Sensitive Research Corporation. The instrument was a
D. C. Polyranger, Nos 91362, The voltage range was from Q.OOS volt to

1 X.V. The emf was plotted against the témperéture and by means ofﬁ




,nlhm
this graph the temperature could be fonnd. The‘thermocouple'was cali=
‘brated by using the freezing points of mercury, chloroform, and at temp-
eratures from -10°C to 2506 a‘bureén of étandards‘me;cury thermometer
was employed,

The cell used for these measurements in the beginning was the same
one employed by Crowe (1) in his.determinations, but some difficulties,
such as leakage of the water jacket, developed.in.its une and a new one
was constructed which was essentially the same except that it was en-
tirely. of glass.cdnsbruntion, Coppgr foil was wrappéd around ﬁhe out=-
side of the cell and used for ground. This deteriorated and had to be
replaced but caused very little change in the cell constant, as Table I
indicates., Copper foil was replaced after Trial number 1 and 2. These

values_were“allmtaken;at'QSOC.

| TABLE I

Trial Mo, c, c, ¢
1 3200 63,76 2146,
2 32,58 6383 21,58

3 32,62 63.97 21i.6l;

Cx is the capadiﬂanée of the cell with benzene, G, is the capacitance of
the cell with air, and G is the cell consbant, |
To check‘the.cellICOnstant, the dielectricyconstant of n=hexane was
_determined at:ZSOCJ' Thes¢~values are shoWn in Table II. Heil's value

for a petroleum fraction of. hexane is 1.885 (9).
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TABLE II
Trial No. o, Cy ¢
1 32,00 63.76 . 2006, 1.8819
2 32.55 63,83 211.58 1,6641
3 32,62 63,97 2h6h  1,8813

The method used to calculate these polarizations is described in
Crowe's and Katz! theses (l) (2).

Polarlzatlon of Ti(OC;HS)h from 20°¢ to -60°C,

In order to determlne the variation of the cell constant with temp-=
erature in phe:range‘from 20°C to =60°C, it was found necessary to deter-
mine. a cell”constanf.in the temperatune;ranga”frcm;lQQC to 209¢C. (Sce
.Table VI). This was“accomplished by measuring.the capacitance of air,
benzene and hexane and these temperatures. (See Fig.'s 3, L, 5). From
these data.the dlelectrlc constant of . nwhexane was calculated at these
‘temperatures and then extrapolated'° (Table VII,; Fig. 6). By using the
extrapolated values of the dielectric~constant of n;hexane, the diélcc=
" tric constant of .air, and the capacitance of the cell with n-hexane and
air. in the‘lower temperature reéion, a cell constant was calculated fo?
the range from 0°C to wSOOCo (See Table VIII, Fig 7) Heil's values
(9) for the variation of the dlelectrlc constant of n=hexane with temp=
erature (Table VII) were also, plotted in Figure 6 for purposes of com=
parison. The values.that had been obtained previcusly (See'Table IT)

for the dielectric constant of n-Hexdne at 25°C. are dlso plotted‘and
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indicate fairl&‘géod'féSults in the éxtrapqlatidhe, The hexane that Hgil
(9) used for thg dﬁerminations was a petroleum fraction and therefgre
the values are different,'proﬁgbly aué to tﬂé,vafious dther components
which contributed to the capacitahce; |

Several accurately weighed dilute solutions of Ti(OCZHS)h were made

‘up using pure n-hexane as the solvent., The n-hexane used was Phillips

66 pure grade n-hexane, It was stored over PQOS and redistilled immed-
iately before use to insureithe abs¢nce'of water. The capacitanqés of
the solutions were ﬁeasured as soon as they'wereymade up to minimize
any error that could possibly be introduced due to absorption of water
vaporg‘ (See Table IX, Fig. 8). Densities of solutioﬁS'Were”measured

in the working temperature range by a modified Ostwald pycnometer and a

‘, volume correction.was.applied. Table X shows the results of these measure=

ments.

The values. of the dieieétric constant and specific volumes of solu=
tiops were plotted ggainst mole‘fréction Ti(OC2H5)ho Since these were
straight 1ines,”Halvérstadt’s and.Kumlef”s method (10) could be applied
in.order to determine theﬁslopés and intercepts of these lines. Figure

10. and Figure. 11. show that, these lines are linear., The values obtained

. for the slopes and intercepts are shown in Table XIII. =C. and 5 are the

slopes of the dielectric‘Constaﬁﬁmand‘specific volume lines resﬁégﬁivelyg
and.fgand\{ are the intercepts, or the dielectric constant and épecific
volume of the pure solvent. These values were then inserted inté‘Halverwr
gtadt's and Kumler's equétion for the pola;izatﬁbn a£ infinite dilution,

The values obtained are shown in Table XIV. (See Fig., 12).




Ih F:"L'g‘ures 2 and 3, all the values were not plot‘bed since some
points were very near or coincided'with other points on the ‘graph,
TABLE III |

Capacitance of cell with air at various temperatures
(Temperature in Centigrade, Capacitance in ¢uff)

T | C, ' T C o T C

a . a
-9.9. 32,15 ~15.2 32,26 +1o°6.' 32.29
2.0 32018 213.0  32.25 . 412,97 - 32,29
39,9 32,18 10,8 32,30 #le7 32029
37,7 32,18 8.1 32.28 $16,8  32.29
30,9 3219 ~6.3 32,29 . 418,8 . 32.29
28.8  32.21 . sk 32.26 . 420.9  32.29
22,1 32.21. +6.6  32.29 |

"’"19 98 32 ozll. . +806 32 030
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Capacitance of the cell with air as the dielectric plotted
against the temperature.
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TABLE IV

Capacitance of cell with n;-éh_exane at various temperatures,
(Temperature in' Centigrade, Gapacitance in

)

C

T % T h T o
“57.8  56.92 ~2he3  55.75 4106 555
=552 56,83 ~22,1 55.68 +12,7 5h.L8

| -51.2 56,68 “19.8  55.61 41k Bhlo
8.6 56.58 “17.5 5551 268 5433
=L6.7 56,51 =13.0 55.39 " +18,8 . 5L.25
2.0 56.3h -85 S8 20,9  5h.20
3707 56419 $ b9 ShaT6 217 5has
-33.2 56.0k 66 Bhab9 . s22,9 bl
-28.3  55.88 + 8.6 Sll62




Capacitance of the cell with hexane as the
dielectric plotted against the temperature

Temperature in Centigrade
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TABLE V.

Capacitance of cell with benzene at various temperatures
(Temperaturg in Centigrade, Capacitance in gy #)

C

T , T G
8.6 652 T ICRY:
+10.6 611,38 10,6 611,37
+12.7 . 6L.29 #1247 6L1.25
+ih.°7/ 4 6)4.}, 18 #1l.7 ©6L.13
+16,8 64,07 +16.,8 6Li:05
+18,8 6398 +18:8 63093
4209 63488 | 4209 03,83




tf 9Jn3fi
Capacitance in

Capacitance of the cell with benzene as the
dielectric plotted against the temperature.

.0 +20
Temperature in Centigrade
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TABLE VI~

Variation of cell constant with temperature
' (Temperature-in Centigrade)

T . C

" 410 2Lio66
’+15 21‘. 06).']. -
+20 21i.63

TABLE VII

Variation of dielectric constant

of n~hexane with temperature
(Temperature in Centigrade)

T

+10 | 1.9030
+15 1.8966
4+20 1.8900

Hiel's values of variation of dielectric

constant of n-hexane with temperature
(Temperature in Centigrade)

T
=60 2,0100
—SO 1»9950
=40 . 1.9800
=30 1.9660
-20 - 109520
~10 © 169370

o] 1.9230
+10 1.9080

+20 1.8930




Variation of the dielectric constant of n-hexane with temperature

Hell's values
Author's values

Values obtained previously

—20
Temperature in Centigrade
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TABLE VIII

Variation of cell constant with temperature
(Temperature in Centigrade)

-50 2L.95
S0 21490
-=30 - 211,86
20 2);.,82
~10 2b.7h
0 2L.69
+1O c 2&.66

+20 2)1.63




9 aanSti
Cell Constant

Variation of the cell constant with temperature

Temperature in Centigrade
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TABLE IX

Gapacitance of solutions atvarious fémperaturés
(Temperature in Centigrade, Capacitance ingaq#)

T Solution Solution Solution Solution Solution
number number . number  number number
1 2. 3 L 5
-57.8 57.2L  + 57.52- 57066 57,80 58,08
-53.Li 57406 57,30 57elily 57,57 57.86
=49.0 56.89 57015 57041 87.66
-Uliel - 56,70 . 56,96 - 57,08 " B7.2h 57.51
T =39.9 56653 56,79+ 86,91 - 57,11 57,33
’ ?350& 56039 56061 56075 56097 57917
=309 56,22 . 56.,L8. 56,59 = 56,82 56499
“26&5 ’ 56@07 56030 o 560&3 . 56969 ‘56080_
-22,1 55,93 5601 - 56,28 56054 56469
=17.5 . 55076 55.97 ’ Séolh : 560}40 5695h
"'13oo 55063 55086 55099 ) 56.25 56038
=8.5  55.L9 55671 55,8 © 56410 56423
+h05 55020 5503h . 55056 55068
+8.6 5480 . 55,05 55016 55041 55.5L
+12.7 ° Bhebl . 5Lo91 55,01 55027 55,38

+16,8° 54,50 . 5L.76 54.85 55,11 55,25
*1808 ) ‘ 5&067 Lo




Capacitance of the solutions plotted against the temperature

6 Solution number 5

Temperature in Centigrade

+20

PO
CD
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TABLE X

Specific volumes of solutions ai‘various temperatures
(Temperature in Centigrade)

T Solution Solution - Solution. Solution  Solution
number number . number . number . number
1 2 3 i 5
=60 1.3711 1.366Lh  1.36L40 1.3622 -~ 1.3557
=50 1.3873 1.3823 1,3800 1.3781 1.3715
=10 1.4037  1.3986 21,3962 1.39h3  1.3875
=30 1.4206 1.415L .. 1.L130 1.4110  1.hoh1
=20 1.4376 . 1.L32k 1.4300 1.4279 1.4208
=10 . ..1.4553 14499 14473 l.lhb2 1.4380
0 L.h73L  1.L680 14652 1.4632 1.4556
+10 1.4918 1.4863 1.4836 14814 1.4736

+17 -1.5051.  1.h9oh . 1.L4967 1.9h5 - 1.L865




9 a-mSfi
Specific Volumes

le1+9 —

Specific volumes of solutions plotted against the temperature

Temperature in Centigrade
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TABLE XTI

Dielectric constants of solutions versus mole fraction of Ti(OCQHS)h

Solution , : '
number = 1 2 .3 R -
Mole ' - ' ' ' |
fraction o ‘ -

T1(0C,Hg)) = 0,002909 00006676 0,008852  .0.0103L3  0,014726

-60°C 2,007 2,0169 2.,0225 © 2.,0302  2.0395
=50 1.993L 2,0031 - 2,0086 - 2,0166 2.0252
=40 1.9795 1.9892 - 1.9945 - 2.0029 2,0110
=30 1.9657 © L975L.  1.9806 1.9892 1.9968
=20 1,9519 - 1.9616 . 1.9667 1.9754 1.9826
=10 1.9381 1.9479 1.9528 - . 1.9618 1.968)
0 1.92Lk 1.93h1 1.9389 1.9L81. 1.95LL
#10 . . 1.9106 1,920 . 1.9250 1.93L5 1.9402

417 1,9009 © 19107 1.9153 1.9250 1,9304L




Dielectric Constant

Dielectric constants of solutions plotted against

mole fraction Titanium-tetraethylate

11

12

13

Solution
Solution
Solution
Solution
Solution

15

number
number
number
number
number

—Nw o



-<33 -

TABLE XIT

Specific volumes of solutions versus mole fraction of Ti(OCZHS)h‘

Solution ‘
number = = 1,

3

L

5

Mole
fraction .

' Ti(0C,Hg))= 0003176 .

0.006676°  0.008852° ~0,0103L3  0,01L726

=~60°C 143711

=50 1:3873.

=40. . 1.1037 ..
=30 1:4206.
=20, - .1eL4376
=10 . 1.4553.

0 lek73h .

. +10 lo’-l918 ’

17 .. 1s5051 .

. 10366L|- -

1.3823

13986, .

1. 115k

1.h32). .
1eb499.

1.4680
1. ,4863

. Lohigok

" 1,3800
1.3962
1.4130

o l.L4h73
1.14652

1.4836
1.4967 .

1.36L0 ,

. l‘o )4-300 .

1e3622

1,3781

1.3943
1.4110

144279

1.hL52

1.L632

1481k

Lokgls

1,3557
1,3715
1.3375
1.h041
1.1208
1.4380
1.4556
1.4736
l oh865 )




Specific volumes of solutions plotted against Q Solution number &
mole fraction titanium -tetraethylate O Solution number U

"O Solution number
O- Solution number
1.50- O Solution number

1.12—

12 13
Mole Fraction x IO"
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TABLE XIII

Slopes and Inﬁercepts

T O¢

v

1
=60 1.99880 1.37554 . 2.,80850 =1,3261L
=50 1.98531 . 1.39171 2.76536 =1,34962
=L0 1.97151 1.40817 - 2.7L767 '-1,38116
=30 1.95789 1.4252) 2,71719 ~1.11628
=20 - 1.9LL27 1.L4233 2,68502 ~1143379
~10 1.,93068 1.16019 265663 -1.18439

0 1,91706 , 147841 2063384 =1,52189
+10 1.903L45 1.19705 2,60675 =1,56038
+17 : 1,51039 260073 =1.58806

1.89363
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TABLE X1V
Polarizatibq at infinite dilution of Ti(OGzﬂs)h

versus. 1/absolute temperature

1/T % 10° Polarization
Lo69 . . 112.29
).L ° h8 - 112 0,38
.28 112,88
o1l - 113,06
3.9L ) 113,55
3.79 . 11349
3.66 - 113.86
3453 11).12

3ol 11h.8L




Polarization at infinite dilution of
Ti(OCpHr), plotted against I/T
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VII, DEGREES OF ASSOCIATION

.A study has been made of the'degrees of association of propyl aﬁd
butyl orthoftitanateéiand monochloro=triethoxy-=titanium in behzene solu—~
tiono"The benzene used for the determinations was Mercks C.P. benzene,
tﬁiophene free. The benzene was kept‘ovef sodium éﬁd then distilled im—
mediately before use. Thoroughly dried glass étoppered flasks werelused
in making up the éo-lutions° The sqlutions were then used immediately
for the determinations. Fairly good results coula be obtained for the
propyl aﬁd butyl ortho-titantes;'however; gooa results could"not be ob-
tainéd for the monochloro-triethqu&titanium,.HBétter results were fin;
ally obtained by distilling both solute and solvent directly into the -
appératus.uéed.for the determinations. Both solute and sol%ent ﬁére

"weighed immediately after collection without access'to waﬁer‘vapor in
the air., The Beckman freezing point lowering method was used in 511
cases. -In order to facilitate the.placing ofjhhe Beckman thermometer
.and stirrer in the receivers, a dry box wés used in which phosphorous
pentoxide and sulfuric acid reduced thé ﬁoisture.content.to a minimum.
Neoprene stoppers:ahd tubes were used arouﬁd the thermometer and stirrer
in order to.prevent water vapof from entering thé épparatﬁé‘and7contam—
inatioﬁ of the benzeneo' | |

In all cases the association factor was approximatélj'B; The re-
sults are indicéted in Figures 12, 13, 1L, in which association number
is plotted against mole fraction solufe. ﬁigﬁreﬁlS indicates the effect
of small amounts of water upon thg association of mono-chloro-triethoxy-

titaniume. The addition of water was acgom?lished by adding drops of
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benzene saturated with water. The amount of water added can only be con~-
sidered approximate since it was calculated from the solubility of water

in benzene., 0,057 gr.;/:L.OO}g;r° benzene. 7.6 x lO“"6 gr. water/drop.




TABLE XV .

Association of Ti(003ﬁ7)h

Mole fraction - .. Molecular weight . Association number
0,0020) 278 . | 0.978
0.0090L 690 2.L27
000133}4 ' . - 831 . ‘ 2‘0923: ‘
0.01773 ‘ - go2 . ' 2,821
0.02150 S 192 ' ‘ . 24786
0.02855 - 76k 2,687

0.03790 ' 708 B 2,490
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Association Number

Association number plotted against mole fraction Ti(OCjHM"

0.02
Mole Fraction Ti(OC Hy)N
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TABLE. XVI

Association of T1(0CHy)| "

Mole fraction ' ~Molecular weight . Association number
0.002975 : 31 1,002
0,004790 Lo 1.295
0008670 1024 3.010
0.011680 1033 3,037
0,021990 986 2,897

0022600 965 2,835




Cl

Association Number

Association number plotted against mole fraction Ti(OCAHMA

Mole Fraction
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TABLE XVII

© Association of TiCl(oc?HS)B'

Mole fraction

Molecular weight

Association number

First run

0,00422],
0,007396
0.014147

Second Tun
000646 _
0,00895
0,011L0 .

Third run
0,00L95

.. 0,00816
. 0.0117L.

“Fourth run '
0,004782

0,00790L
0010596

167
667
62

32
5h2
639..

509
677
558

L92
627
667

2,136
3,052
2.937

1,610
2,923

26329
3.097
20553

2,251
2,869
3,052
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Association Number

Association number plotted against mole fraction TiCIfOCgHM"

Mole Fraction

Fourth run
Third run
Second run
First run



Effect of water on association of T1C1(0C,H)

. Original. cornicentration TiCL(0GC
. Apparent. molecular weight = 667
Original association number = 3,052

- )6 =

TABLE XVIII

3

Hy)), = 02007396

Weight of water Molecular Association
" ‘added in grams weight number
70638 X 10“6 762 30)4.86
15,276 x 1070 610 2.791
22,91l x 10=6 593 2,713
30.552 x 1076 - BT 2,502
38,190 x.1070, 562

2,571




Association number plotted against the weight of

water added to a solution of Tid(C)CgHM " in
n-hexane

Grams of water x 10



V 1Il. PREPARATION OF CRYSTALS OF T i(OC2HMA

Pure crystals of Ti(OC2H ~ were prepared by distilling liquid
Ti(OC2Hcj)* into a series of small (6 mmi.d.) glass tubes at a pressure
of 1-2 mm. The tubes contained a fine glass wire running through the
center and sealed at one end of the tube. Each of the tubes was filled
approximately one-third full, and sealed off under vacuum. They were
allowed to stand for a period of two to six weeks and at the end of two
weeks, very small crystals could be detected on the glass wire and on
the sides of the tubes, both above and below the liquid surface. Figure
16 is a diagram of the tube.

ZN

Us,

Figure 16

At the end of a month the crystals had the appearance of needles and were
approximately 1-2 nmin length. The tubes were taken to Dr. Forbes
Robertson, crystalographer, at Montana School of Mines in Butte, Montana,
who identified the crystals. The following is a summary of his report;

Optical properties of Ti(OC2Hjj)»
The substance is probably monoclinic.
There are two sets of cleavages which develop*  They are not at right

angles to each other. Two measurements indicate inclination of about
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199, Extinctionuparallel to one set, and not’to the other. The compound
is optically biaxial, négétive 2V 80° to 85°,
Indices of refracti$n°~ |

n beta (y) 1,601 more or less,

Determination of other-indices. only approx1mateo

‘n alpha (x).1.591 or less.

n.gamma (z).1.608 or more..
Birefringence.eétimate on grain, 0,020 of.m&ra} thué_the_ab@?e indices are
not - necéssarily;maximum.and,minimum_valueso; D:\'_sgper‘si.on‘9 tentat;ve r
greatef.than.vo:.Twinning noted on.a‘few_gfains&.dne_direétioﬁ‘only, op-
tical relations.not. determined.. The ﬁaﬁerial was clear trahsparent when
. first removed from the. container, 'It waé powdered and kept under éover“
when not. needed. . In about an hour's. time half of the ffaéments had hyf
drolyzed:to“thenextent.that valid optical data could not be obtained;

However, some grains showed very little alteration after an‘hour, this

included many of the very minute particles.
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' IX; DISCUSSION OF EXPERIMENTAL RESULTS

The decrease in the curve obtained by plotting the vaiues of the
polarization at infinite dilutiqn‘bf Ti(OCzHg)h aggins? the reciproeal
of the absolute temperature‘can not be satisfactorily explained by Debye's
.. equation (3). Sinée,the polarization of polar substancés should increase
with decreasing temperature according to the Debye:equation (3) there is
'evidence .of a negative trend in some factor or factors. When the polar-
1zat10n of polar compounds decreases with decreasing temperature, the
contribution.arising. from the permanent ‘moment may cancel out and the
value for the total polarization drop to that of the electfonic and atom-
ic.polérizationsoA Tﬁe;sum of the electfohic“and atomic polarizations,
arrived at by.refractive indek measuréments, is approximately Qh Debye
units:(i)e Since the curve decreases slightly in this region and does
not fall off to this value, this still indicates a contribution from the
permanent moment However, by-an examination of the Debye equation it
is seen that the moment would have to be a negative one. If the polar-
ization decreases and increases whén plotted against the reciprocal of
the absolute temperature, then a possible explénation may be sought in
_restricted .rotation of thé groups if the.ﬁolecules,have a tetrahedral
configuration which is generally accepﬁed for”quadrivalent titamiume
' 8ince the curve is approximately.lihéar within.this.fegion‘this does
:not.appear to,be_the reason.

The associatioﬁ of thé érthp—titanates may be‘due to the fact that
titanium has a coordination.ﬁumbef of six.u.In‘the_orthoftitanaﬁes thefe_'

are four oxygen atoms. surrounding each titanium atomy.therefore, in
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order.for association to occur there mayipossibly be a distortion of
these bonds to permit coordination with pairs of available electroms on
" oxygens from other moleculeso':in.rutile;,a form of TibQ, each titanium
atom is surrounded by six oxygen atoms with bond angles of 90°, Thege-
fore, there may be a p0831b111ty that the tetrahedral bonds in the ortho—
titanates change from 109° to 90° to allow the additional coordlnatlon°
If the ‘bonds do dlstort in this manner, then a stable theoretlcal struc—
ture can be proposed in whlch two molecules of Tl(OCQHS)h are bound to . |
another through three coordlnate valencesg ‘Additional coordlnatlon of
. the trimer to other monomers could ocecur but would_be less stable due
. to the.fact that only two coordinate bonds would be possible, Therefore,
the.trimer"appears to be the most stable in the proposed structure,
. Figure.lT‘is a diagram of the_progosed structure gf the;£rimef with the

R groups. not. included,
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Proposed Structure for [Ti(ORii)J3 with R1s not Included

Figure 16
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X. * SUMMARY
}o The polarization at infinite dilution'of‘Ti(OCzHS)hiplotted against
the reciprocal of ﬁheuaggolute teﬁperature was found to be approximately
a straight line in the region from 17°¢C to féo°c; decreasing only
_.slightly.With decrease iﬂ tempéraﬁure,
2. The association factor:of titaniumtetrabutylate,'titaniumtetrapropyl-
ate, and monochlorbtriethox&titanium has been found to:be approximately
three.
3; The crystalline structure of titanium—tetraéthylate is probably

monoclinice
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