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é;ﬁbdanémﬂﬂlcglcgiaé :
The ocompounds HQ[Maéﬁlg]ﬂlsiaﬁgo, (Nﬁg)3 %069153612'380,
and KQIMosﬁlélﬁlz'Hao have been prep&red‘anﬁ analyzadf The space

group and unit eell aimans;ong af the firat two campeunds have
been determined from X«ray aiffraation photographa. the axial
ratios were also abtained by goniametri@ me&aurements. The

erystallographlc da%a are
(g, ), {11%618] OlgHa0 Hy[iiog015]C1 5*8H,0

6. : 6

Pogsible Space Groups 'ﬁzé i G‘&/@ cih " ¥

8y~ Ga"(p§abable) Cg = Co
ay o 19.33 R 17.30 &
2y 14,93 & 9.12 &
ay - 9asl 18,63 &
3 | 115:2% - 98a°
Unit Cell Volume as90 25 2010 %2
Density of Compound 3093 gn/ec -
Molecules per Unit Cell Ll - - 4

I1I.
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The first part of this sectlon 1s devoted to a brief
theoretiaal discusslon of the application of the visual estima-
tion method to the determination of the structure of a complex
compound by X-ray diffraction by its solution. A deseription

of the experimental technlique used to obtain sultable photographs



is then presented. It is shown that the method glves satisfactory

results for the PtClg  and PtBrg "~ lons, the structures of whish
arc well known. The structurce of the (Cbglly,), (TagBri,), and
(Taéplla) groups were determined by X-ray diffréction b§ ethanol
solutions of Gb69114'7H20, TaéBrla'THQO, and Tasﬂllh'?ﬂao. It

is shown that the diffraction data are consistent with the as-
sumption of a (MgX10) group in which the metal atoms are at the
corners of a regular octahedron and the halogen atoms on the

perpcndicular bisectors of the edges of this octahedrone The

shortest interatomic distances in the (ligXy5) group are

Gompound M- M, % M- X, X - X, 2
Ob D1, ,*TH,O 2.85 2.41 3437
T&/sﬁl‘la "7:‘120 2. 92 v 2e 62 3 ® 64
Ta,C1y ,, * THL0 2.88 2,44 3e41

These results are in reasonable agreement with auling's theory

of intermetallic distances in metalse.
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I

PREPARATION AND DESCRIPTION OF
SOME DERIVATIVES OF MOLYBDENUM DICHLORIDE



As Preparation of lolybdenum Dichloride and Some of its

Derivatives

In most of the literature on the subject the formulae for
divalent molybdenun compounds are represented as derivatives of
(Mozx#) X, (molybdenum dihalide), since 1t has been shown that
only one third of the halogen atoms can readily be replaced by
oiher atoms or groups. Recently, Cyrill Brosset has demonstrated
that the grouping (moéplg) is present in two derivatives of
molybdenun dichloride (1, 2)s Therefore, since this grouping
is probably present in all divalent molybdenum compounds, for=-
mulae of all such complex compounds willl be written as derivatives
of (ﬁnﬁxg) Xy, in this report.

Lindner and coworkers (3,4,5) have investigated the prepa-
ration of divalent molybdenum compounds. Of the varlous methods
that have been used for the p?eparation of molybdenun dichloride,
they recommend chlorination of molybdenum metal wlth phosgene
at temperatures of 600 to 620° G. This is the method that has
been used throughout this investigatlon. About 2-4 grams of
metal was put into porcelain boats which were placed in a silica
combustion tube heated by an eleciric furnace. Nitrogen was
passed through the tﬁbe until the correct temperature was
reached, and then phosgene was passed through at a rate roughly
determined by a small bubbler. At the completlion of the reaction
the phosgene was shut off, the tube flushed out with nitrogen,
and the apparatus allowed to cool. The dichloride was usually
extracted from the material reméining iﬁ the boats with 30-50 ml

of an anhydrous aleohol-ether mixture (5-50 percent alechol) or



with concentrated hydrochloric acld. The extract was then
evaporated and the product washed with dilute nitrie acid and
water to give a partially hydrolyzed product of variable compo-
sition which was soluble in hydrochloric acide. The yields were
always small, usually belng 3 to 7 percent of the theoretical.
Lindner, Haller, and Helwig (4) recommend using temperatures
of 600-620°C; however, I observed no significant difference in
yleld between 550 and 650°C. For the best results I found that
the phoszene should be passed through at the rate of about 5C
to 100 ml per miﬁut@ for ten to fifteen minutes. The principal
side products are higher chlorides. The pentachloride, being
volatile; eoliecfs at the cool end of the tube; the trichloride,
a dark red powder, ls usually present in the boats along with
dichloride and unreacted molybdenum. It 1s, however, practlcally
insoluble in water, aclds, and organic solvents.

The following three hydrated derivatives of molybdenum
diechloride have been prepared and analyzed:¥®

(1) Compound obtained by cooling a hot solution of

dichloride in concentrated hydrochloric acid.
(2) Compound erystallized from a dichloride solution
in approximately 8 percent aqueous ammonium chloride
acidified with hydrochloriec acid.,

(3) Compound obtained by cooling a hot solution of

*1 analyzed for chlorine by the gravimetric silver chloride
method. The molybdenum was titrated with standard potassium
permanganate solution aftcr reduction to Mo™** in a Jones
reductor (6)s In all cases, complete desiruction of the complex
was assured by oxidation with nitric acid or.hydrogen peroxide.



dichloride in approximately 8 pereent potassium chloride
solution acidifled with hydrochloric aclid,
The following analytical data weré obtained:

HC1l COmpou.nd~o ® & & & 9 e 8 & & s ° @ 47014 41009
Caleulated for HE‘.MOGGlBX 31508H20 o« o 47425 40.75

HH;CL compound o+ o o« o o o o o« o o » o o 502 M-}
Galculated for (NHy), (I»‘i’osclai Clge2Hs0. 5044 43,5
Calculated for (NH@)E [M06018 0160H28 e« 51l.1 44,1

KG1l compound « «
Caleulated for K
Caleulated for ¥

e o » :-l ¢ o » & e s » ﬁg.l 2204
Yo i § cl 2HAO0, .+ & 05 109
Iiogglg ] 616’H28 * & e 4903 42 65

2 1
2 1
Several investigators have given the above formula for the
compound with hydrochloric acid, and there is little doubt that
it is the correct one. The monohydrate seems to fit the ana-
lytiecal data for the potassium chloridé compound.  There is a
diserepancy in the case of the ammonium chlorlide compound;
however, it will be shown that the monohydrated compound glves a
bettér unit éell interpretation; For thls reason I shall use

the formula (NHg), [Moglly]Cls*H,0, although there is still
uncertainty. Other investigatore report the formation of 4if-
ferent hydrates; for example, Lindner, Haller, and Helwig (4)
glve the formulae X, [logllg] C14°6H,0 and (NH,),[Hog01g] 01403H,0
for compounds formed under conditlions somewhat different from

those given above.

Be  The Orystallopraphy of (NH, giﬁo 1n|C1.-*H,0

This compound crystallizes from acidiec ammonium chloride

gsolutlions in falrly long, flat yellow cerystals which are stable



at room temperature for at least several months. A Laue photo-
graph talizen wlth the X-ray beam parallel to the needle axie
showed the preccence of a mirror plane parallel to this axis.
This Indlcates a Laue symmetry of Oyp,e Using MoK4 radiation
with a zirconium filter, a rotation photograph was made about
the needlc axis g From thls and a gnomonic projection made
from the Laue photograph it was possible to calculate the unit

cell parameters and deduce the space lattice. The cell parame-

ters are
ay = 19.57 2
a, (two-fold axis) = 15.06 2
aB (needle axis) = 9.13 2
6 =15a°

The gnomonic projectlon was indexed in a satisfactory manner
with réflections éccunﬁngonly from planes with h + k& evens
This indicates a side centered lattice. The radil of limiting
clreles were calculated with these parameters, and it was ob-
served that no spots of the corresponding order on the gnomonie
projection fell outside of these circles.

Lauve photographs were taken along each of the principal
axes, and by measuring the angle between zones on the Laue
apparatus, angle‘@ was found to be 115.3%. A partial gnomonie
projection was made from a Laue photograph tazen with the beam
parallel to the two-fold axls aps. Angle measurements on this
projection give a value of 115.1° for the angle(2.

To obtaln better values for the unit cell edges, rotation

rhotogranhs were taken about 84 and 85 and layer line



measurements were nmade. The final unit cell parameters are
gliven below:
8y = 1933 2
8y = 14,93 %
By 9.16 2
6= 115.2°

Volume of unit cell = 2390 19

The angleé glven above 1s the average of the angles determined
by the three methods whleh have been deseribed.

The density of the substance was found by flotatlion in a
nixture of bromoform and methylene iodide to be 3.093 gm/cc at
approximately QEOG. From this and the unit cell volume, the

following data were calculated:

Compound Holeculeg per unit cell
(m»{ %m 1g]Clge2H 3490

Mog?l Glgtﬁaa 3496
(NH 21m561 0lg 4403

Although the anhydrous compound would give a slightly better
value than the monohydrated sompound for the number of molecules
per unit cell, the difference 1s not significant, and it has
been observed that some water 1s glven of” when the ccﬁpounﬂ is
heateds Ilince the latter formula also secms to fit the ana}yti—
cal data better, it 1s the more probable onee.

Goniometiric nmeasurements have been made of a erystal mounted
with the needle axis verticael. Figure 1 shows the appearance
of the erystal with the locatlon of the crystallographlec axes.

The following rmeasurenents vere made and the fases ilndexed:



(Too):(110) = 130°%47"
(110):%100) = 49913"
(100):(1I0) = 48%24°
(1Ibg:§fic; = 82917¢
(II0):(100) = 49919
(111) = 85°15%'_azimuth fron

face (100); 58%925' altitude
If a value of 115.2° for the angle G is assumed, the axisl
ratios are &y 3 ay aa = 1,301 ¢+ 1 ¢ 0.613. This compares
with l;29& : 1 : 0,613 caleulated from the rotation photographs.
| A VWelssenberg photograph was made of the equatorial net
perpendicular to By using Cufx radiation. This and the Laue
photosranrhs were used to determine the space group. The fol-
lawing observations were made:s
(1) Mo hk{ reflectlions with h + k odd occurred in any
Laue or ﬁeissenberg:photograph. This indicates
C~centering. |
(2) ¥o hOlvveflections aﬁpeareﬁ on a Laue photograph
talken with the beam parallel to a3. Algo, there
were no hOl reflectlions with { odd appearing on the
Welsoenberg photographs. Thls indicates a glide plane
parallel to (010) with a lide of %aB.
The space groups Cg - C¢ and cgh - ¢ 2/¢ are possible with the
above extinections. Cbacrvati&na of etched figures indlcated
the absence of a center of symmetry; therefore the space group

is probably Sg ~ Cc.

Co The Crystallography of Hé}’io §G l@] Clg o8’fi&9

This compound as grown from concentrated hydrochloric acid

solution forms long, almost squarce prisms which effloresce



alowly. It was necessary to coal crystal speoimens with paraffin
wax in order to insure their stabillty. Laue photographs with
the X-ray beanm parallel and p;rgendioﬁlai tc the ne@dlg axle
shoé'thé Laue s&mmétry to be C,,, the needle axis belng the
two-fold axis. Zirconiun filtered lola radiation was used to
make a rotation phqtograch sbout the two-fold axlis, from which
1t was determined by layer line measurements that ay = 9.12 &,
The other unit cell paramcters were then determined from a
gnomonle projectlon made from a Laue phbtograph which was taken
with the X-pray bean parallel io By The unit cell paramcters
determined in this manner were

a, = 17.30 3 (by = 0.,0584 2-1)

1

ay = 9.12 R (b, = 0.1007 1
a; = 18463 & (bg = 0.0542 "
f = 98,1°

Volume of unit eell = 2910 X

The radlli of limliting cireles were calculated with these parameters,
and it was oboerved that no spots of the corresponding order on

the gnomoﬁicAprojection fell outside of these clreles. The re-
flectlons hl} with h even were absent in the gnomonic projection,
indicating a C=-centered lattice. DBy measuring the layer lines

on a rotation photograph talkien about 29 thls poraneter was
deternined to be 1733 K, checzing closely with the above result.
The density of this compound has not yet been determined, hence

the number of molecules per unit cell 1s not known with cer-

tainty. Hewever, because of the similarity of this compound



with (NH4)2‘H05915]016°H20 (space group Gg - Ce, unit cell
volune of 2400 33), the most probable number is 4.
Figure 1 gives a sketch of a orystal of He[ﬁosclé]cls'BHEG.

The results of goniometric measurcnmentc are

(100): (00T) = 98° 5!
(oor):(Ibo; = 81%3!
(Ibo):%oox% = gﬁg 7:
001):(100) = 81955
%lIi; = 46°21' azimuth from
_ fage (100); 56°5' altitude
(I11) = 46928' agzimuth from

face (100); 56°6' altitude
Angle @ = 98.10 from these measurenents, #hich agrees with the
value determined from the gnomonle projeetion. From these 7
measurcments the axlial ratios are 8y ¢ ay @ az = 2406 ¢ 1 @ 1.892,
which compare quite well with the ratios 8y 8y a3 =
2,04 : 1 : 1,900, determined from X-ray photographs.

In order to deiermine the space group of this compound,

a VWeissenberg photograph was made of the equatorial net perpen-
diéular to.ag; using Cullq radiation with a nlickel filter. The
following observations were made:

(1) Ho hO reflectlon with h odd appeared. This is
because of C-gentering; hkt reflectlons do not appear
with h + k& odd.

(2) Mo hO with odd appeared. This indicates a glide
plane parallel to 010 with a glide4of7%33.

The space Eroups Cg.- Ce and Ggh - C 2/¢ are possible.
Recently, Cyrill Brosset has worked out the complete
structures of [Hogllg] (OH)4*14H,0 and [Hogllg] (G1,+2H,0)*6H,0 (2).

The grouping [Moﬁﬁlal was found in which the c¢hlorine atoms are



k)
-

at the eorners of a cube with the molybdenun atoms at the centers
of the faces (pocsibly slightly out of the plances of the faces).
Since this basic grouping is undoubtedly pfcsent in

6
tion was discontinueds

(i) o L1501 4,0 ana Hyfto S1glCL5e0H, 0, this investiga-
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A Theorctleal Discussion

e

1.« Comparigon of Calculatecd and Observed Intensity
Funetions

The intensity of monochromatle X-rays scattered coherently
by any macroscoplcally isotrople system of atoms ean be repre-

sented as a function of the scattering angle,

‘ = Srn sr
10 = L ZZ05ky | pyes g 9r )

n

d
whore % 4
e e | +Cos" @
Ie * loppcdR* ™ 2
and

ATT sin -ie
A

The primary beam 1lg assumed to be unpolarized. The summatlions

S:

are over every atom in the system, and each term, therefore,
relates to an atom pair (i1,]) whose seattering amplitudes are
£, and T 3‘* The funetlon P, 3(r) 15 the probability that the
atoms 1 and J have the separatlion r; 1t is normallzel by the

_{oao/o‘.','(f') Jf' :/

condition

This equation applies to all gases, liquids, amorphous solids,
and finely divided erystalline sollids consisting of any number
of chemleal speciles.

In many cases the integrals in Equation 1 can be evaluated

and the equation reduced to the form

£

#*4 collection of terms 1ls made in
which each term occurs a large number o

e



- &

s/ rys

ceql = 56224 fiTuts) 7

where 33 1g the average separatlon of atoms i and }, and Tij
depends on the functlon,fﬁj(r). The factor Tij is equal to
unity when 1 = ] or wvhen the separation of 1 and J 1s e
constant.

In the case of geasea at low precssure the terms due to
intermolecular distances become negligibly smalls Equation 1
then assumes a relatively simple form involving only intramolecu-
lar distancess This enables one, in most simple cases, to find
these distances and hence to determine the molecular structure
from a knowledge of I(Q)s In practice, however, 1t is usually
much easicr to use eleciron diffraction techniques to determine

the structurc of sas molecules.

The situation for a liquld ic more conplexs. In gencral it
is not possibls to hegleot intérmolccular terms, and the scatter-
ing depends on functions representing the separation and relative
orientation probabilitles for a palr of moleculeos as well as

1 the Internal parametcrs of a single molecules, However,
Pirenne (7) hoso pointed out that in many cases the scatiering
at fairly large angles is approximated very oclosely as a funetlon
of introemoleoular terms only. The eeattering‘fuﬁction of
1iquid earbon tetrachloride is an exemple (8,9)e This is true
becausc the TiJ(S) functions agsoeclated with the longer intermo-~-
lecular termo decrease quite rapldly 2s s increacsess However,

this fact 1s of 1litile volue for molecular structure determination,



8 4y

since nost ligquids arc volatile and the electiron diflraction
Imiques may readily be appliedes Therefore the diffraction
pattern of a liquid is generally used to investigate such
structural propertles as free rotetion of molecules and other
questions of short range ordering in the ligquid étaﬁc.

In gencral the problem becoomes even nore complex in the
gase of a golutlon, since the expression for the sgattcred
intenslty will then involve terns due to all three types of
Iinternolecular interacstions as well as to intramolecular dis

ances in both the solvent and solute. However, if the atonms
conmposing the colute have a much hisher atomic number than those
of the solvent and have a relati ively bhigh concentration, all
terms except those due to the intcratomic distances in the .
solute molecules will be relatively smalle If smaller term

are neglected, the scattering fwmction will be like that of a

gas, having the fornm
Cis §
i INZZ‘HES'“‘ ;

where N is the nunber of diffracting nolecules and the sumnma-
tions are now over every atom in a single molecule of solute.
In thls Thesis the simplified Iquation 3 hos been applied in
order to investigate the structures of a few complex ions and
nolecules in solution.

In order to apply the above theory, a method has been used
which vars developed in these Laboratories for deternining the

structures of complex nmolecules by electron diffractions The
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. o 5 - e L PR Yo br g B ey w8 e Y L g 1,
first step, of cowrsec, 1s to cobtalin sultable photographs, whieh
- Y oy S Ty E- " s oy . R S -
was done by a teehnidque to be desceribed in the next section of

this Theslse Fron these photographs a curve is drawn by visual
observation and meagurenments which reprecsents the variation of
blackening acpross the Tilm, but which leaves out the background
(nanfluaiu&éing} blaskening and the damping; this ourve is
ebmmﬁnly called the visual curvee This visuel curve in to be
compared with the reduced Intensity funection

' k ; "I
I'¢cs) == Z;ﬁﬂ T, §14 s

{‘,‘ 'rJ‘ ,“.J.

where it 1s a proportionality constant and fifg =
1 S fa.f (1 }, n being the nunmber of atoms in
i &5 4
nln - 1) F 3 J
1 il f 2 B
the molecules If Z3-J1 1g very nearly independent of s for
fi.&j
each tern, this equatlon may be approximated by the simpler

W

)

expression,

I'¢s) = ) 2 AT sim nis 5
¢

vhere A is independent of s and 1s an appropriate average of
- -

t £aT
— L 1. over the resion of observation.
7
r13 f1fy
We must now conslider the form of the funetion T,,. For
all of the molecules investigated in this Thesis, it will be
aopumed that the functions /1 (r) in Zquation 1 can be apnproxi-

mated by exponentials of the form



] T

_erereg)’

1 ¢y
P‘.d.(f) = 11/777&,@ da¢;

J

In order to evalustic th

[
d

tegral of Tguation 1, we make the

approximation that

1
2 (r-G)
Le Cr.';;j L T
r by

which wlll be very nearly correct over regions for wniah./Xr)

*&i Jﬁa

is large 1if .:‘}l.a__.. >> {P - f’ij) o Yo then find that T“ = e

and Equation 5 becones

T.¢s) = 20 2 Age — sinfis 6
t

The structure deternination conclists of finding values of
the molecular paramebters which, when used to caleulate a
theoretical Eé(s) from Equation 6, willl gilve the best agree-
ment with the obagerved Ié(&)» The punched card technigue
developed in these Laboratories (11) was used to ealeculate these
theoretical curves. In order to apply thils technligue we nust use
the intensity equation in the wmintegrated form,

/4&'4' oo '-(—rq.-c,‘:‘..'); ’
(g a4 gnrg C/F
) Zf)% - ¢ |

#aince this funetion is characteristic of »exmcrature vi-
brations, the constant a;, ls called the temperature factor of
the dlztance r: ;s This némenclature will be used cven if tem-
perature v;bra%éaam are not consldered to be responslble for
the declline of amﬂiluuic with inereasing angles James (10) has
discussed the eflecis ol ﬁ@wycbhture vibratlions on X-ray
geattering functlions,




3

The integrals in thlis expresslion can be c¢losely apnroximated

by sums; lhe expression is then (’4; )1
N A - (Reor)
‘y

Vo - ZX(E Ae 9 sinsciss a0

4 222 At SIS 8
,( m

where Jr ic an aporopriate intcrval of |r - Py, enl ¥ is
chosen so that the amplitude 1s negliglibly small Zor differences
greater than U ér ¢« “he gseccond sun is taken over terms fop
which aij is zero. fhia is the form which was used for the
calculatlon of all thooreﬁical curves.

24 The Radial Distribution Hethod

Although in prineiple the foregoing discussion provides a
method of deternining the most probable set of parameters by
trial an? error, we would like to be able to determine the
approxima{e sizes‘cf‘thesc parametcrs by a more direot methods
To do this, it ig convenlent to apply the radial distribution
method which has becn widely used in electron diffraction
investigationse The radlal distribution function (or integral),
D(r), uscd throughout this investigation 1s defined by the

equation

Smay. .a'sz_. . o
Do(") ;j o Lo(s)sinrs Qs
o

where I4(s) 1s the obscrved intensity funection. If a', which

1s often called the artificlal tecmperature factor, is chosen



1,2
so that €2 ® ig small for s = 8___, then this integral will
max

be glven to a satisfactory degree of approximation by

Dcr) = f’a@‘als’ 1°Cs) sin sr ds
e 10

If we put into thls integral the expression for Ic‘}(a) given by
LZquation 6 and carry out the intesration, the result is

- (r’rc'l')l

Decr) = ZZ ety a . @ Ya'rar;)

Gt
A . (r‘fl".','zz 11
; Z 2—_ <y ﬁ\' e Ylaial)

All of the terms in the second summation are small for positive
values of r and can be neglected. It is seen that D(r) is then
a sun of Gausslan curves whosge maxima occur at 13, whose areas

are proporticnal to the ampllitudes Ai 3 and whoge halfl widths

are glven by wy = 4 1n2 x (a' + aij). The radial distribution
funetion can be expected to glve valuable informatlon concernlng
the values of lmportant interatomlie distances and their tempera-
ture factors. Horeover, the above arguments are independent of
our neglect of solvent scattering and intermolecular intcractlions.
Therefore, observations of D(r) may tell us if suech neglect is
permissibles In practice D(r) 1s evaluated by approximating

the integral in LEquation 9 by the sum |

N - :
. al 2 52— . E
D, = 7. gs g7 () [ (£45) Sinrdss
£ =0 12
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where Wgs = g .. ¢ After finding approximete valucs for the
AR

molecular paraneters by the apnllication of Zquation 12 to the

observed intensity eurve, a refinement 1lg carrlied out by means

E)

of a sultable trial and error method. It is to be noted that
glnce the units of the anplitudes Aij in Zquation 6 are quite
arbitrary, the observed peals in Ié(s) anl in (r) have only

relative significance.

B. Jeacrintion of Apparatus

One of the diffiecultiies encountered in attempting to apply
the treory deseribed in the last section 1s that of obtalning
suitable photogranhs from vhich an I(s) curve ecan be drawn.
A satisfactory photograph must show enough naxime (or apparent
naxina) to malke a reasonably uﬁique structure selection possible.
It is aloo desiprable that the spacing of these maxima be small
enough to provide good contrast. In order to meet these con-

ditlons 1t 1s nesessary to usc a comparatively short wave length

1f the film distance is of the order of 5 ¢éme Tungsten Ka
radiation was used in all of the work deseribed in this Thesisg.

Since a rolatively high voltage 1s required to exoite the
tungsten L& lines, the continuous spectirunm 1s qulte strong.
This makzes 1t absolutely necessary to use some sori of crystal
monochromator in order to oblaln a reasonably pure spectrume.

A hot-cathode, tungsten~-target tube made by the Lee X-ray
Tube Company was the radiation souree. In nost cascs, the ex-
citing voltage was 100 kilovolis peal:, o current ol approximately

15 milliamperes being used. The current was half-wave rectified



.
by means of valve tubeses In order to reduce insulating 4iffi-

-+

culties the target was malintained at +50 and the cathode at <50

o
l.;n
;j

Zilovolts pealtse The target coo. cr pacsed through approxi-

mately 100 Teet of rubber tubing in order toc reduce current
los: to a reasonsble amount. The high voltage was supplied by
a lNoreleco: industrial I-ray transformer,

The cancra conslasted ol a steel plate on whieh»were moﬁntéd
the monochromator, the ninhole system, two lead shields, and a
renovable filn holder. The monochromator was a galena erystal
nounted so that the f-rays could be reflected from a (100) face
into o round pinhole. It could be rotated about an axis paseing
through the reflecting swrface to obtain the deslired wave léngth.
The pinhole was approxinately 0.8 mn in diameter and 3.2 cm long.
-The diffracting solution, contained in a thin-walled glass
caplllary tube, was waxed to the face of the pinholes The flat
film holder consisted of two sheeis of blacl: eelluloid secured
to an aluminum frame. The film and intensifying screens were
placed in a hlacikz paper envelope bhetween theée sheets, which
were then screved fiprmly tosecthere. The f£ilm holder was attached
to a frame whieh could be moved parallel to the pinhole on three
grooved trackza. A lead shield was placed completely arouni the
monochromator with only a small hole airoctly in bac: of the
galéna erystals This was to prevent any direct or acatterea
radiation from reaching the film by any path other than the
pinholse. It was also posslble to adgﬁst t'is gereen to prevent
direct rz2diation from pacssing throu;h‘ﬁh pinhole. As an ad-

ditional precaution, a flat shecet of lead with a hole in 1t



was placed elose to the capillary tube, betwecn the gsolution
gannle and the fllm,.

The dlistance from the pinhole {oece to the front surface of
the filn holder wos measured within +0.05 mm by nmeans of a
slmple tripod gaszes The remaining distance to the £ilm waa
Just the sum of the thilcimesses of the front plastic sheet, the
front intensifying sercen, and a sheet of blaclkk papere This
was neasured with s nlerometer cnlipers The sun of these dis~
tances, the dlstance from the face of the pinhole to the film,
was thus accurately deternmined and was hept constant by means

T 2 spacing bare To determine the sample-to-film distance for

each cxposure, 1t was therefore only necessary to measure the
distance {rom the faece of the pinhole toc the center of the
capillary tube, which was done with & stecl scale.

In all the photogranhs mede wit& this apparatus, Basgtman

Sereen Fllm was used with Patterson Hi-Speed Intensifying

Ssreenss For most solution photographs, the exposures were of
the oprder of Tlve dayse

The apparatus was adjusted by rotating the monochromator
erystal until the tungsten & line was fleeted dlrectly through
the pinholes aximu: intensity was then obtained by noving the
whole camera with respeet to the targete The intensity and
appearance of the beam were obscrved for different monochromator
and camera positions by making 30-second exposures on gereen
film without scereens, VWhen the anparatus was in correcet ad-

Justnent, the team would proluce a spot which was nearly round

and had a darit vertical line through 1its center. The wave
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length was measured by taking powder photographs of a sample of
galena, the unit cell of whleh (a = 5,92 ?) had been mezsured
previously with standard powder apparatus. lave length measure-~
ments were made three times during the preparction of the solu~
tion photographs to be described. The results of these measure-
ments are glven in Table l. In each case the caleculated wave
length was very close to 0.210 K, the average wave length of

the tunssten (o lines, and thls value has been assumed in all
calculations.

Examination of these powler photographs also gives one an
idea of the resolution obtainable with the apparatuss A sche=~
matie dlacram of the photograph dated 8/17/48 1s given in
Poure 2. The helghts of the lines are approximately proportional
to the intensities relative to other rings in the same neighbor-
honds ZHor comparison, the c¢aleulated diffracticn pattern of
galena 1s also glven. In this dlagpam the heights of the lines
are proportional to Fg multiplied by the multliplicity factor
and the interplanar spacing. Lines separated by more than
044 mn on the film were, in general, resolved.

In all of the photozranhs obtained with this apparatus the
pattern on the right side of the film (a8 one locks toward the
X-ray tube) was much more distinet than that on the left. This
phenomenon was so pronounced that 211 measurements and observa-
tions were made on the right side, radii being measured instead
of diameters. This is probsbly c¢ausel by an impure spectrum
which would hove an unsymmetriesl effect on the photograph. -

That this 1s so can readily be seen by referring to Figure 3.
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Ypserved and Calculated Diffraction Patterns

Galena Powder




Let x be a ray of the proper wave length which leaves the target,
is rcflected fron the monochromator at a Bragg angle €, and 1ls
Aiffracted by the z‘samplc at sone angle .. Also, let x' be
another ray which leaves the target and 1s reflected from the
moncchromator at an angle € + A ©. However, A€ 1is amall enough
so that x' ean still get through the pinhole. Let ray x' be

diffrasted by the samplc at an angle, @ ,t, such that

sin 5@+ s8in @
Eom Now, since its Dragg angle is greater,
Ax! Ax ‘

)\xa = >\x AN D )\x’ and hence Q:&’ = ‘?x * AR > ch'
Obviously, then, the angle between x and x' will be A‘P - A®

on the right side and A9 + A © on the left sides If L is the
perpendicular distance from the sample to the line on whidh x
and x' eross on the right side of the film, and D is the path

distance from the target to the sample, 1t can be shown that

L cos* @

L = 2ton Y% -| (approximately)
: tom [s]

It 1s obvious that x' 1s parallel to x (since L = o® ) after
diffraction if ¢ = 2 arctan (4 tan 6), or, since & is small,
approximately if ¢ = © + For diffraction angles larger than
this, the bean converges. For smaller angles, and particularly
for negative angles (corresponding to diffraction on the left
side), L i1s negative and the beam diverges. With the above
equatlion it can be demonstrated that, because of this effecet

alone, the angular range of q) subtended by the two rays x and
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x' when they strike the film is approximately 1.50 for <? = 20°,

The distance between principal naxima for the compounds con-
siderced in this Thesls 1g from 3 to 50. The finite size of the
foeal spot on the X-ray tube target also produces an effect
similar to that discussed above, tending to cause the different
wave lengths to converge on the right slde and diverge on the
left sides Experience with the apparatus described in thls
section indicates that observations made on the film become
sonewhat unreliable at 20 to 22°, and the 1limit of observation
is approximately 26° (q = 75). The above phenomena are prébably
the biggest factors causing decreasc of resolution, and to a
large extent they detcrmine how far out on the fiim useful

information can be observed.

. Tpial Experiments with Compounds of Xnown Structure
l. Bromoplatinic Acid

In order to give the method outlined in the firsit two seo-
tions a satisfactory trial, a solution photograph of bromoplatinie
acld was made, the structure of this compound being well known.

A saturated aqueous solution was used. The visual curve is
glven in Flgure 4 and the positions of the maxima and nminima in
Table 2, The maximum laﬁéled 1 is the first maximum that cani:be
seen on the photogranh bﬁt is the second maxlimum on the visual
curve of Figure 4. The first maximum on the visual‘curve cannot
be seen on the fllm; indeed it is not actually present in the

unsimplified intensity function since Qlﬂ;éE does not go to zero
8

as s approaches zero. However, since we do not include the



S

1/s factor in the funcitlon I

Table 2

ﬁiz&turgin qéb& qaalc EQ%LQ

PoF, = 0,010 e
1 - 142 1645 (L.162)
1 1648 18.5 (14102)
2 19.9 2140 (1.056)
2 27,0 2645 (0.981)

3 32,6 3245 04297
3 3945 3942 0,992

4 4547 457 1,002
4 5443 S54e6 1,006
5 5le6 6Ll 0997
2 6943 685 (C.983}
6 7642 7542 (0.987)
tverace (5 Features) 0.999

expression does go to zerce The firct maximurs is included so
that the radial distribution integration can be nade with zero
as the lower limits. It was placed at a distance from the origin
of approximately one quarter of the average distence between
prinecipal maximas

The radial distributlon intcgral was caleulated by means of
the punched e¢ari technique developed in these Laboratories for
electron diffraction caleculations (1l). A transformation weas

made to the varisble g, where q = E%rs =2 zﬁ.sin 53. The
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following summatlion was then made using th
1

Business liachine Tabulator (see Equation 12):

' e - o'y’ I (OOSI"%)
D(r') : Lye ~.sino
o
%3 ~ 13
where a' is chosen so that e = Ol at @ = Qg = 80s The
cards are punched so that the values of this funetlon are tabu-
lated from r' = 0 to r' = ;%g;g” in steps of %% + Thus, the
tabular inteprval is %%?'X 0e03 x f%:z 040525 R. fwo pronounced
nmaxima are observed, one at 2.43 2 and a weaker and broader one
at 3.41. Since ;“433“ = 1,403, which is very nearly J/2, the
i ® ;
octahedral model is elearly indlicated, with ithe Pt - Br dlstance
equal to 2.43 3.
In ealeulating theorctical intensity ourves, the amplitudes
of the Pt - 3r terms are put equal to a constant, ke The
Br -~ Br amplitudes arc then given to a satisfactory degree of
approximation by k réﬁi = grg x ég gt.) . The average
¥ i average
value of the ratio LABr) over the observed angular interval is

il § 4
equal to 0.375, which was estimated from the atomic secatiering

factors given in the Internationale Tabell

Kristelletrut ¢« In order that ccmp&riéshﬁ between observed
and caleulated curves can be easlly made, 1t 1s convenient to
have the tabular inteprval for thé theoretical curves, A¢g, equal
to 1+ Because of the way in which we have defined g and the

way in which the cards are punched, this will be the case 1T we
set the frequency for each term, uyy, equal to 4/7'rij. Sube

o

stituting the values for £y and s in kquatlion & givesn



‘ A‘:' .(_&_é—t)z
I‘(%) > ZZ Z 1ﬁj e 4% sm%ﬁ(uq f-,/;_Au))

. .ZZ A}M‘S‘M—/r%&ulw -
A m

The tabulatlng machine calculates the values of this function
for g =1, 2, 3 + « » & 144, For all the calculations in this
Thesls which involved temperaturc factors, A4au was equal to 0.05,
or Ar equal to 0.0875 R.

In Figure 4 theoretlcal curves are glven with the tempera-
ture factors of the Br - Br terms equal to O, 0.005, 0,010,
0.015, and 0.C20 32. With no temperature factor there is a
pronounped shoulder on the outside of the fourth maximum instead
of the asymmetry whieh 1s lndicated by the visual curve. The
fourth minimum is also farther to the right than observed, and
the separation of the rgurth and fifth maxima is tso great.
These disagreements can all be rectlified by applying a tempera-
ture faoctor to the Br - By distances. A temperature factor of
04010 22 pives good agreement with the visual Intensity curve
with the exeception of the first and second ~axima. Jince the
first peak onothe theére%ical curve nizht well zive the appear-
ance of a doublet as indlecated on the visual curve, the principal
dlsagreements are in the measurements. It will be remembered,
however, that 1t 1s in this part of the curve that effecets due
to intermolecular distances will be observed, if they are to
have any effect at all. NMoreover, on practically all of the

rhotographs examlined, there has becn a general tendeney to
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measure the first maximum too clome to the center of the filn.
Table 2 gives a comparison of the maximse and aminina observed on

the T1ln and on the theorectlcal curve with a 0,010 22 temperature

factore Table 3 gives the averasc value of qcalc/qobs for the

Table 3
Temperature fastor 0 0.C05 0,010 04,015 04,020

Average qoalc/qobs 1,001 04999 0,999 0,999 1,001
(five feature)

Average deviation 1.02 OuJTE 04357 0448 045%
(five features)

L

five most accurately neasured features and also the &vérage
percent deviation of q oba from qoalc for each ol the models.
In eaci. case the most probable Pt - Br dlstance is 243 X
fhis is In good agreement with the sum of the octahedral radil,
whichh 18 245 g.

2e Chloroplatinie Acid

Dre Jde ile Sturdivant had obtained two diffpaction photo-

graphs of a saturaded aqueous golution of chloroplatinic acid
beflore the woriz described in this Thesis was begune. The appa-
ratus used was nearly identlical with that described in segtion
Be These photographs arc labeled 3/10/38, file distance of

75 ma; and 6/4/38, film distance of 50 mme Using these photoj
graphs, the strusture ol chloroplatinic ac¢id has been determlned.
Ore Zturdlvant informs me that there is some doubt as to the

iln distances and that no chneo: on the wavelengii by
means of a powder photograph is oun record. lience, the parameter

which has becn determined from these films might be somewhat in
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srrore. However, the obgserved dota are In accord with the

-

octahedral structure of the chloroplatinatc lon and are thersfore

@

nresented ag

gn.h

3 2 E A & AR S DWW . S |
n additlional indlcation of the possibllity of

using the solution method for structure determinations.
Table 4

Feature
max min Q.o Quoq 9snlc (qﬂ&1?>/1?0&10
ors caLe Qab& %obs

average
1 10.1 18,4 {Os 9‘53) (C.9;>f%)

1 2748 2646 (Ce959) (0.930)

o

3362 33e4 1.008 0.997
3940 4065 1.017 1,008
I 45,7 4745 1,019 1,010

3 5449
4 G340

3%

14016 1.007

oy Ul
il Ui
L ®
= o

1.002 0s 8835
4 7140 TCe5 G993 C.984

5 T84 777  (0,991) (C.952)
Average (6 features) --- 1,009 1,000

Average absolute deviation 0.8%

ihe visual intensity eurve, radial distribution integral,
and toeoretical curves are given in Figure 5+ The proadisl dig-
E ) * 5. I o O dox o T . = i & ¢ g ga = ~ -y 0 .
trivution function has a very prominent pealz at 2.37 & and a
consideravly smaller one at 3.35 As Thls 1s in accord with the
octalicdral models The theoretical curves were calculated with
% oy % o - 2 = e O [ S o, o
the 1 - Ol dilstance equal 10 237 e Ihe procedure for cal-

Eth

% e B g o - — e 5 N K e 4 e | i
culating thesc curves was the sase zp thal used fop the
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bromoplatinate ion. The curves with Cl - Cl temperature factors
of 0.005 and 0,010 32 are in best agreement with the visual
curve., However, the difference between any of these curves is
not very great because of the relatively small contributlion of
the Cl - C1 terms. Table 4 giVeé the coépaélson between the
observed and calcuiated q values of the maxima and minima.

Since the observed average of qcalc/qobs is 14009, the best

parameter 1s 1L.000 X 2.37 = 2.39 X. This is not in good agree-
o]

ment with the octahedral radil sum, whleh is 2,30 A, The

Pt - C1 dlstance in KPtOl. (12) is 2.33 R.

De Lower Hallde Complexes of Columbium and Tan&g;gm
1. Preparation and Chemlstry

In 1907 Chabrié (13) prepared a lower chloride of tantalum
by the reduction of tantalum pentachloride with sodium amalgame.
He assigned to this compound the formula Taclaieﬁao on the basis
of a single analyslise Thls compound was somewhat soluble in
water, forming a dari green solution from which 1t could be
crystallized in small, hexagonal crystals. Four years later
Chapin (14) prepared a compound which was identical in appear-
ance with Chabrié's chlorlde by the reduction of tantalum
pentabromide with sodium amalgam. Careful analyses indicated
that the formula of this compound is Ta63r14'7H20. Synthesis
and analysis of Ghabrié‘s chloride indlcated the analogous for-
mula, Taépll497H20. Chapin carried out boiling point measure-
ments of a solution of the bromlde in propyl aleohol which
indicated a molecular welght corresponding to Ta53r14'7H20.



Preezing point depresclon measurements in agqueous solutlion gave
2 value onc-third as great. This fact led Chapin to the con-
clusion that two bromide lons arc pnroduced in aqueous solution
as well as the complex ion (Tasﬁrla)**. Thia hypothesis is
supportcd by the faet that two, anl only two, of thé brominé
atoms ean be replaced by other halogens by evaporating a solu~
tion of the compound in dilute aqueous hydrochlorie or hydriodie
acide The compound (Taéﬁrla)(OH)gflcﬂao is forméd ina

slizghtly alkzaline solution.

Other workers have also investigated the chemistry of these
rather intercsting compounds. Lindner and Feit (15) prepared
the complex chloride by reducing tantalum pentachlorlide with
lead pbwdar at red heat in a nitrogen atmosphere. They carried
out analyses which led them to belleve that the formula of this
conpound is HeTa60114'8H20. Juantitative oxidation with potas=-
siun permanganate was used to determine the oxidétion numnber 6f
tantalum, whlch they“concluded was +2. This 1s in dlsagreement
with the concluslons of Ruff and Thomas (16). These workers
clain that the same complex is produced when a lowcr-chloéide"

of tantalum, to whieh they aseribe thé formula TaCl_, 1s dis-

solved in dlilute hydrochlorie acid and evaporated. 3They also
neasured the valense of tantalun by obgerving the volume of
hydrogen liberated when a welghed quantity of the compound was
warmed in basic aqueous solution. They report an oxidation
number of +3 and clalm that the correct formula is Tagllys0p*6HpOs
As additlional evidence they clte the fact (observed also by

Lindner and Feit) that only six molecules of water are loét on



mild ha~tinge I do not think that this is very significeant
evidence in favor of their formuls, however, sincc this fact
nizht wvell be explainable in terms of the structure of the
compounde. In view of the above disagrecnents, the valence of

hils complex compound roemalns in doubts. 4 structure deternmina~
tlon 1s stlll quite possible, however, since the number of
helogen and tentalum atoms per molecule Lis Tnown.

He 3o Horned (17) prepared a2 compound which his analyses
indicated was Gb60114'7H20. He also showed by potentiometris
titration with silver nitrate solution that two of the fourteen
echlorine atons are eastly removed. The compounds Cbéplla(cﬁ)a‘aﬁzo
and Gbépl r ‘?H 0 vere also pvepared. fherefore thls compound
seems to be analogous to the ¢a‘6114 7“20 and Ta63r14‘7H20
desoribed by Chapine

Dr. Harned was kind enough tc lend the Institute a consider-
able quantity of his cehloride which was used for the strueture
determination described hereln,

I prepared the complex lower ‘chloride of tantalum by reduc~
tion of the pentachloride by granular lead in a nitrogen atmos-
phere a2t a 4dull red heats. The pentahallide was prepared by
Apassing a strean of chlorine saturateld with carbon tetrachloride
vapor over an intimate mixture of tantalum pentoxide and charcoal
maintained at a full red heat in a silica tubes The volatile
pentachloride was allowed to condense ét the cool end of the
tubes It was then distilled into a siliea Hulb contalning
ﬁranﬁlar lead, where the reduction was carried out. After

completion of the reduatidn, the complex chloride was leached



out of the pesulting mass with hot, 4llulte hydrochloric asids

ot bl
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Th e Ty e oy A y : 4 - s e 5 1.
It vas obtalined In small, Dlaer needles by evanoration of the

o

resulting sclutlon 'n vacuums The complex lower bromide was
prepared in g very slmilor manners Tontalunm pentabromide was
made by passing a stream of nltromen saturated with bromine ovepr
a red hot oixture of ¢charcoal and teantalun ventoxide. The re-
duetlon wasg also oarvi@d out with grarular lead, and hy&vchramzav
acid was used to exiract the degired compound.

Attempts were made lo. synthesize the analogous columblium
bromide by reduction of columbiun pentabromides DBoth lead and
3 percent sodlum amalgam &ere tried as i@ﬁucin@ agents, but in'
neither case was significant guantity of the desired compound
obtained.,

Hone of the complex halides desceribed above ig soluble
enouch in water to enable one to obtain sultable solutlion
photographss They are, however, extrcmely soluble in eothanol.
Therefore this solvent was used exclusively. OSinece these con-
pounds are nresumably not ionlzed in ethanol solutlon, the
principsal diffracting molecules eontaln fourteénAhalog@n an&r
six tantalun atoms.

In the followinz dlscussion the formulae of these complexes
will be written in the form Tasﬁllg'Tﬂgﬁ‘

2s The Strueture of the (Gbésllg) Groun

The four following diffraction photogsraphs were made of &

concentrated aleocholie solution of Sb§3114'TH20=



40~

Date FP1lm Distance Sexple Thleliness Ixposure
8/3&/%@ 54225 on 0B mm 530 meaehe
9{?7/1}8‘ " " 0‘8 mm 1950 MeBshe

11/19/48 o 047 mm 20C0 meaehs
11/30/48 : 047 mm 2120 mealhe

The last two photographs werec used in preparing the visual
curve since they were considerably better thon the firat twoe

The visual ecurve and radial distribution iunct*on are
shown 1ln Flgure Te In this investigation and in those follow-
ing, the units and procedure used in calculating the radial
distribution anl theoretical curves are the same as those
described in the investigation of bromaplatinid acld,

The radial distribution function has two incompletely
resolved peals in the vicinity of 244 and 2.9 3, the latter
being coﬂsi&evably higher than the former. There 1s aleo a
prominent peaiz at 5.92 X and a rather low one al approximately
5 3. In deciding on a trial structure it 1s nececssary to make
8 cholce which is sonsiatent ﬁitﬁ the shenistry of thls compound
and with the radlal distribution curves It 1s evident from
chenical conslderations that two of the chlorine aﬁomé cannot
be related by symuetry to ithe other twelves A structure which
suggests 1tself is‘the following: Place the six columbium atoms
at the corners of a regular octahedron whose edges are 249 g
long. Then place twelve chlorine atoms on the perpendicular
bisectors of the edges so that the coluibium-chlorine distances
are approxinmately 244 i (see Figure 6). 4 caleulation then

shows that the most prominent distances will be
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Dasignation Deseription
rq Nelv¥e Ob - Ob dlsiences ot 240 3
r, Twenty~four Cbh ~.01 dlstonces at 2;#?3:
P3 Twenty-four Cb - Cl distances at 3;95 2
ry Tyrenty-four Cb - Q1 distaonces at 540 it

is structure meets all of the requirements of the nown
cheniatry of the moleoéle and of the radial distribution fune-
tions No atiempt has been made to account for the two remaining
chlorine atoms since it ls evident that thelir direct effest on
the intensity funetion will be quite smalls It 1s possible,
however, that they could cause enough dlstortion of’the above
symmetrical structure to be signifieant.

With the assumption of ocublc aymmwetry therc are only two
paraneters to be determined, a scale parameter anl the ratlo
(ry/ry) of the shortest Ob - Cb to the shortest Cb - J1 distances
The following theoretical curves were calculated and are shown

in Figure 7T,

Designation (rl/rg} = R
A 1.137.
B 1,168
g 1,187
D 1,207
B 1.227
These curves were aalculaﬁeﬁ*w&ﬁx(iﬁl) ‘ = Q3434 The
= average

ampllitudes of the various terms are then clven by

Aco-co = Ar, x L X ——QM“"
Feo-co 2 Y
Aco-u = 0348 Ap xl- x 2!
Few-ci

Ac-a = (034" Ap, xSt x /:’;r-c:

ci=¢t
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whore Xxﬂy 1c the amplltude of the dlstance of lencth p "Y which
gccuwrs N_ times in the molecul Sy the anplituls. of the
4)."'? I’l ¥

t Cb ~ Cb term, was arbitrarily silven a value of '50s
The best agrecment with the visual curve 1s an interpolation
ween curves B and O. }J“”w aré, hﬁwcvar, certain. ob jections
thege curves In curve B the fourth mninimun is not
ag wile and deepn ag the appearance of the filn would seem to
sussests  Jloreover, the broad feature, which I have called the
TiTth maximun, contalins a ninimum which one misht expect to sees
These troubles seem to be at least partially correeted by in-
ereasing & slightly, as in curve C; but anéther difficulty then
appearss The fourth maximun becomes more prominent than 1t
probably should bes This maxlimum appea%s on the film to be
conslderably lower than the averase ol the third and fifth
maxina. A way of improving this situvation is sugrested by
obgerving the radlal distribution function. The penlr at 5 2
is congiderably Tlatter and lower than 1t would be in the case
of a synmetriea)l model without temperature factors. A caleulation
also shows that this high frequeney term has one maximum Just to
che right of the fourth ninimurs and another very close to the
fourth maxinmum. Hence, applying a t@mgerature factor to this
tern woull both inercase the width of the fourth ninimun and
decrease the helght of the fourth maximum. Since 1t ig not
lizely that Ty wilt haove a falrly large temperatus factor and
-r3 none, 1t becomes néceaniry to investigate the effect of &
tennerature factor on hoth of these dAlstances. A number of

theoretical curves were calculated in whieh both of these
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terperature factors were varied; they are shown n Figures 8 and
O In mazing these caleulatlions no toemperature foctors were
the lonz Ch - Cb Ailstance or to the ul - 01 distances.
These ,terma contribute but litﬁie to the seotiering curves The
two least important CLl.- Cl terms were omnilted completelys The
paraneters used to caleulate each of these curves can be found
br referring %o &
is shown graphieally. The shaded area reprccents the region of
acceptability., The full, curved line In each dlagran 1s
locus of thc best values of Re The large 2ot represents the
best parameters for-.each value of the temperature factor ratio.
Examination of the theoretical curves in Figures G and 9
shows that t.e temperature Tactor on the longest Ch - C1l distance
helps considerably. A temperaturc factor as small as 0.C05 Xg

2

would result In considérable imorovement, However, too large
a temperature factor on r3 has a tendeney to melze the fourth
mininue too shallow and has en adverse effect on the shape of
the broad filth maximun; the most that ean be allowed for this
temperaturce {aclor l1ls aboul 0,005 32.' Tgxperatufe é&ctors of
0,005 = 04,010 % and 0,002 - 0,005 22 feor Ly and r., respectively,
2
give gatisfactory agreenent witi: the visual curve and are also
consistent wlth the wort done on bfomoplatinic acide It 1s not
poscible to ansign any special physical significance ﬁé the
teuperature foctors discussed above since there are at least
three nossible exnlanations fhr them: (1) the presence of

considerable thermal motion; (2) suall splitiing of thene dis~

tances due to distortions introduced by the two remaining
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ehlorine atoms, and (3) decreasc of resolution due to the experi-
mental arrangenent. Any one of these, or a comblnatlion of thenm,
might well cause a rcal or apparcnt temperature factore
Fortunately, the cholce of the best value of I and the scale
factor vary but little with the temperature factors assigned to
the longer dlstances. A comparison of the observed and calocu-~
lated posltions of the maxima and minima will be found in Table 5.
The scale faoctor has been adjusted in each case so that the
average value of qcalo/qoba for the six most rellably measured
features is equal to 1.000. I have concluded that the best cholce

of parameters 1s the following:

Shortest Cb - Cb 2.85 %
Shortest Cb - C1 2.4 R

(o]
T. Fo of longest Cb - C1 0.005 - 0.010 A°

Te Fs of next to the longest Cb - Cl 0.002 - 0,005 32

The four principal sources of error are (1) qualitative
errors in drawlng the obsecrved intensity curve, (2) errors in
measuring the radil of the rings, (3) possible errors in the
mean wave length, and (4) spectral impurity of the monochroma-
tized beam, which might cause distortions in the appearance of
the photograph. The limit of error due to the first two sources
ls estimated from the reglon of acceptability on Figure 10 and
from the average deviations 1n Table 5 to be approximately
+0.05 X for r, and r

1 2°
o
1limit of error is C.07 A.

A reasonable estimate of the total



Table 5
Ybe %alc qoale/qobs

max min B C M S B c M 8
1 1447 1641 1642 1642 16,3 (1.096)(1.099) 1,105 (1.110)

1 17k = = = = o & " »

2 19,3 = = - = - - - -
2 23.7 24.9 24,7 24,5 24.5 (1.050)(1.032) (1.035) (1.035)
3 20.4 29,4 29.4 29.2 29.4 1.000 loOOOv 04995 1,000
3 33.8 33,6 33.7 3344 33.5 0.995 0,998 0,989 0,990
4 3746 3743 3744 3743 3745 0,992 0,994 0,994 0,998
b 41,9 40,9 41.1 41.8 41,7 0.977 0.981 0.997 0.995

5 82 - - - - " . » -
5 57«9 59.4 58.5 5é-4 58;5 1.025 10013 1.009 1.000
6 6343 64,0 64,0 63.8 64,2 1.012 1,012 1,009 1.014
6 69.7 69.0 69.4 69.4 69.9 (0.990)(0.994) (0.996) (1.002)
7 The6 7545 75a8 76.0 76.6 (1,012)(1.015) (1.019) (1.027)

Average abs. deviation (6 features) 0.012 0.009 0,007 0,005
Parameters:

Shortest Ob - Cb  2.84 2.85  2.86  2.84
Shortest Cb -~ G1 2444 2.40  2.40  2.39

3« The Strueture of the (TaGBrlz) Group
Four diffraction photographs of a concentrated solution of

Ta68r14~7H20 in ethanol were obtalned:

Date Film Distance Samnple Thickness Exposure
6/21/48 5433 om 0.7 mm 2860 msa.h.
7/7 48 50218 cm Ou7T mm 2020 m.a.he
7/12/48 5,218 om 0.7 mm 660 meaehe

10/12/48 5.21 om 0.8 mm 1260 m.a.he



The last photograph was conslderably superior to the others.

The vlsual curve and radlial dilstribution functlion obtalned
from it are shown in Figure 1ll. In the latter curve there 1s a
very high, broad maximum at 2.72 g and smaller maxima at 3.64 g,
4,16 %, and 5.25 X. The similarity to the radial distribution
function for Cb69114~7H20 is immediately apparent. However, in
this cacse all of the metal~halogen distances are longer besause
of the larger radius of bromine. The shortest Ta - Ta and.
Ta - Zr distances are so close . together that they are unresolved.
The same model is assumed as for the (Gbscllz) group, the tanta-
lum atoms being at the corners of an octahedron and the bromine
atoms on the‘berpendicular bisectors of the edges (sec Figure 6).
Theoretical curves were calculated for the following models:

Designation | (ri/rz) = R

1,066
1.082
1,098
le.ll4

1l.132
1.150

HoQwk

"

o

which are shown on Figure ll. The average value of the ratio

of the geattering factor of bromine to that of tantalum was
estinated to be 0.40. The proeeduré used for caleﬁlating ampli~
tudes was the same as that described in the last section.

In comparing these curves it must be kept in mind that the
position and shape of the low third maximusn is very difficult
to determine. It is oartéin t&at'thia peak is very much lower
than the fourth maximum and that the second minimus is con-~

slderably deepeb than the third.f Indeed, it cannot bé saild
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with certainty that a ninimum 1s actually present between the
indlicated third and fourth maxima. The fourth maximum appears
to be higher than the fifth, while the fifth, slxth, and seventh
maxima appear to be of approximately equal height. However,
some dlsagreement with the latter observatlion must not be con-
sidered important. The slixth minlmum appears to be definitely
deeper than the fifth. It is extremely difficult to see the
eighth maximum, and, since 1t occurs quite far out on the film,
one cannot even be sure that it Lls precent.

Model O gives the best agreement with the visual curve.
odel L cannot be accepted because of height of the third and
s8ixth maxima and depth of the third minimum. :lodel D, however,
is considered acceptable. Ilodel B gives poor agreement and
represents the 1limit of acceptabllity in this direction. In
this curve the fifth mexinum is tco high ard the elxth minimum
too shallow compared to the fifth. Tablé 6 gives the observed
and calculated (model C) positions of thé maxima and minima.
ihe scale factors have been adjusted to glve an average devia-~
tion of zero for the elight most accurétely measured features.

A 8light increase in R over that in model C secems desirable and
the best paramcters are talzen to be 2.90 ﬁ for the Ta - Ta and
2,63 % for the Ta - 3r dlstances. |

In spite of the satisfactory agreement between observed and
calculated intensity curves, we cannot yet be content with the
above detcrmination. In studying the cehlorocolumbium and the
bromoplatinate ions, the best agreement was obtained when ap-

preclable temperature factors were applied to the longer distances.



We should, therefore, lnvestlgate the effect of sush temperature
factors on the theoretlcal intensity curves of the bromotantalum
ion. Theoretical curves were calculated in which the longest
(ry) and next longest (rB) Ta - Br distances were assigned various
temperature factors; these curves are shown 1in Figure 12+ The
arious parameters of each curve are shown graphically in Figure
13« In caleculating these curves, the Br - Br distances were
asslzgned the same temperature factors as the Ta - Br distance
nearest them in lengthe Satisfactory curves could be obtained
for any of the temperature Tactors considered. However, those
curves for whieh the tenperature factor ratio (p) is 5 are
slightly better than the others because the relative helghts of
the fourth and fifth maxima are in better agreement wlith the
visual curve. The heavy full lines in Flgure 13 represent the
‘loei of the optimun values of R and the shaded arca is the re-
glon of acceptability.' It will be notleed that the most satis-
factory value of R increases consliderably as the temperature
factor of Ty increascs. Howévev, there is not an appreciable
dependence on p, the temperature faetor ratlc, 1n the range
congidered. Examination of the theoretical curves does not
enable one to choose optimun values for the temperaturc factors
and hence decide on the most satlsfactory value of R. However,
previous experience has shown that a temperature faetor of
0405 - 04,01 for the longest Ta - Br distance 1ls most reasonable.

Therefore 1 choose as the following most probable paraneterss
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Parameters of the Theoretical Curves

Calculated for the (Ta63r12) Group

Temperature factor of r
Ratio of temperature factor of rs to that of ry



=57

R = 1,115 + 0,03

Distance, X = Estimated Limit of Error, %

Shortest Ta - Ta 2492 . 007
Shortecst Ta - Br 2.62 Cs 07
Table 6 A
| Yvs %Yalc %010/ Yops
max min W Z AA W YA AA
1 152 1549 1644 16,0  (1.044) (1,073) (1.051)
1 23.5 23.2 23.)1 23.0 (0.985) (0,982) (0.978)
2 2844 2843 28,2 28.1 0,997 0.992 0,988
2 33.6 3243 32,7 32.3 (0.960) (0.973) (0.960)
3 3644 35.3 35.6 35.5 (0.971) (0.977) (0,974)
3 3T«9 37«5 371 377 (0.985) (0.979) (0.994)
4 1.5 41.5 41.3 41,6  0.999 0.976 1.001
L 47,3 AT.4 AT.5 47.7  1.001 1.005 1,007
5 52¢1 5246 5246 52,0  1.010 1,009 04999
5 5649 57.1 57«4 5641 1,004 1,008 0,987
6 61+3 61.1 6l.4 60.7  0.997 1.001 0,991
6 65.1 68,9 65.2 654 04997 1.001 1,007
7 6940 6941 6943 TO046 1,002 1,004 1,003
T  T24 7342 = - (1.011) - -
8 757 762 - -  (1.007) - -

Average abs. deviation (8 features) 0.003 0.007 04009
Parameters:

Shortest Ta - Ta 2.91 2.89 2494

Shortest Ta - Br  2.63  2.63 2,60



A comparison of observed and calculated positlions of the
maxima and minime are given in Table 6+ In all cases, the scale
parameter hag been adjusted to make the average value of
qcalc/qobs equal to 1.000.

4, The Structure of the (Taéclle) Group
The following diffraction photographs of Ta6011ﬁ'7330 in

ethancl solutlon were nmade:

Date Film Distance Sample Thickmess Exposure

4/27/48 . S5.42 onm 2.0 mm 2000 meashe
5/8/48 S5.42 en 2.0 mm 462 mieBebs
5/%9/48. 542 em 2,0 mm 430 mea.he
10/5/48 5¢21 em 0e8 mm 990 meashe

The last photograph was so much superior to the others that it
was used al:ost exclusively for the structure determination.
The visual intensity curve and radlal distribution function
caleulated therefrom are shown in Figure 14, The latter curve
18 quite consistent with the structure proposed for the (CbGClla)
and (Tasﬁrlg) groups. The large maxinum at 2,9 g 1s the shortest
Ta - Ta distance and the declded asymretry on the inslie of this
pear corresponds to the shortest Ta - Cl distances. The promi-
nent maxinum around 4.0 X and the very low one near 5 X corre-
spond to longer Ta - C1l and Ta - Ta terms and oceur at the
expeeted nositions. In order to find the ratio of the shortest
Ta - Ta to the shortest Ta - 01 distance (ry/r,), theoretical
curves for the following modelé were c&lculated:
Temperature Factors
Designation R ry r

A 1 0137 0 O
B l ” 169 it "



Temperature Factors

Designation R ry r3
G 1.122 0 0
D 1.2 '
E 1,137 0.010 X2 0.005 %2
F 1,169 " "
G 1,188 5 8
H 1,208 " n
I 1.228 " "
J 1.256 " "

These theoretlieal curves are aiso shown in figure 14, In cal-
culatlng these curves a value of 0.19 was used for the average
ratio of the secattering factor Sf chlorine to that 6f!tantalum.
Theoretiéal eurves wvere noi calculated using‘témﬁerature
factors other than those glven above, slince these were found
to be satisfactory for the (Sbsclla) and (TaEBrla) structure
determinationss loreover, the tantalum~halosen terns are much
less important in this eoge than In the otherss. It will be
noticed, however, that better agreement with the visual curve
is obtalned when t@mperature?factors are used. 3odel G glves
the best agreement with the visual curve, and the optimum value
of R 15 estimated to be 1.18 * 0,04, For smaller values of R,
as in model E, the shape of the third maxzinum and the position
of the third minimum are in serious disagreement with what is
observed. At larger values of R, the third méximdm becomes too
high, the third minimum too deep, and errors in the positions
of the maxima and minima increase. A comparison between the
observed and calculated positions of the maxima and mlinima are
presented in Table 7 for models F and G« In each case, the

scale parameter has been adjusted so that the average value of
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T@ble %

?obe %alc qmalm/qoba

max min . F G P G
1 15.4. 15,9 16.0  (1.033) (1.039)
1 22,7 23.0 23,0  (1.016) (1.016)
2 28,4 2844 28,5 1.000 1,003
2 33,6 33.1  33.2 0,986 0,989
3 38,4 37,6 3747 0,981 0,983
3 AhA 45,8 44,1 (1.032)  (0.993)
4 . 51,1 52,0 51,3 1.019 1,005
4 S5T.6 5746 577 1,000 1,002
5 62.6 63.0 63.2 1,007 1,010
5 68,0 6845 6940 1,008 1,016
6 T4eO 7542  T547 (1.018) (1.023)
Average abse deviation (7 features) 6*01& 6,009

Paﬁametersx
Shortest Ta - Ta 2,88 &  2.88 %
Shortest Ta - 61 2,46 & 2,42 %

qsala/qnba forr the six most rellably measurel features is 1.000.
The optimum parameters are the following:

_Distance, & Estimated limit of error, &
Shortest Ta - Ta 2,88 et 0405

‘Shortest Ta - C1 2,44 010

5¢ Discussion and Summary
4 summary of the parameters of the hallde complexes of

columbium and tantalum whieh have been investigated is given



belows Important distances in a somovhat simlilar complex of

molybdenun determined by Cyrill Brosset (1) ore also glven,

Compound Shorﬁes§ Shortss Macrtcmg (11 = 1)
M-I, A H - X, & £~ X, A X
Gbgcll&f7ﬁae : 2.85 241 3e37 1.425
Ta.gBry 5 *TH,0 2,92 2,62 3.6 1,46
‘o»ula(“ﬁ)atléﬁ 0 2463(ave.) 2,56(ave.) 1,315

In the molybdenum compound the metal atoms arc.also at (or near)
the vertices of a regular octahedron; the eight halogens,
however, are lccatedwat the %erfic@s of a circumseribzsd cube.
Bonds are also formed with oxygen atoms at the vertices of a
larser octahedron.

The deviaticn of the lntermetallic radii of tantalum and
colurbium in these compounds from theilr averaze value (2.88 3)
1s within the limite of error of this determination. llence 1t
gannot be sald tu certainty that a real difference exiastse

netal-metal bonds arc present in all of

r»k

It is obvious that

f
(¢4
it

these compounds. It intercst to investigate the predio-

tions which can be made from Pauling's (15) equation

R(1) -~ B{n) = 030 log n
This equation gives the difference in radius between bonds of
bond nunbers one and ne In thisc case n = v/lz, wvhere v is the
nunber of electron pairs forming the twelve bonds in the Ta5
(or Cbg or iog) grouping. UThe single bond radli R(1l) are given

in Pauling's paper; they were caleculated from the structures of



the pure metals using thic seme equatlione If the assumption is
made thal the valence clectirons of tie chloride lons nske no
contributions to the metallic bonds, then v = 3(5 - w) for
columbium and tantalum, where w is the oxldation numbere. The
oxidatlion numbers that eorrespond to the three suggested formulae

are +3, +2 1/3, and +2. The predlicted metallic radii are

Oxidation Number . DDond Number Predicted Radlus
+3 0e5 1.434 3
¥2 1/3 0,67 1.396 &
*2 0475 1.380 %

for tantalwu» complexes; the corresponiing radil for coluﬁbium
are not significantly different. The experimentally daterminbd
radil arc olose enough to these values to be considered quite
reasonable. If the equation is used to deternine the bond num-
bers, the results are 0.41 for TasBrl#‘Tﬁao, O.47 for Ta50114°7H20,
and C«53 for Cb6611#'7ﬁzo' It is not to be implied that these
results favor one of the proposed oxidatlon states for tantalum
and columbium. The equation is not ceocnsidered suffleiently
reliable for such a prediction. Horeover, the effect of the
halogen atonms ﬁight well be far from negligible. The predicted
molybdenun radius in the (H06018)++++ group 1s 1430 3 if it 1s
assuned that there are 3.78 valehee elecotrong per molybdenum
atom.

The shortest interatomlc distances for chlorine and bromine
in the tantalum and colunbium complexes are somewhat shorter
then twice the eorresponding ven der Waals' redil (1.80 for

chlorine and 1.95 for bromine). Thls i1s not at all unusual,
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however, since thls 1ls observed in = large number of cases where
the halogens are in the gome molecule and partleularly where they
are bound to the samne atom.

It will be noticed that subiraction of ithe halogen . radius
from the corresponding metal-halogen distance gives a value for
the metallic radius very nearly equal to one half the intermetallie
distances I do not mean to attach much significance to this
obscrvation other than that 1t indieates that. these bonds are
sovalent and of reaconable magnitude, Subtracting the lonie
halogen radil from the corresponding distances gilves absurdly
small values for the effective metallic radll. The covalent
néture of‘thesc bonds 1s, of course, to be expected from the

stability of the (Ta60112) £roupe
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Propositions Submitted by Phillip A. Vaughan

Ph.D. Oral Examination, May 9, 1949, 1:00 P.li., Crellin
Conference Room.

Committee: Professors Sturdivent (Chairman), Pauling, Lucas,
Schomaker, Davis; Drs. Hughcs and Davidson.

1. The density of Culr0O, determined by ttroupe (1),
7.0 gn/ec, as well as his assifinment of Z = 4, are probably
incorrect. I suggest that Z = 3, corresponding to a denslty
of 5.6 gm/ecs Steric considerations and hic intensity data
indicate the following probable structure:
Space group: é% - 0622
Basis: Cu in 1/2,0,0¥ 0,1/2,2/3; 1/2,1/2,1/3
¢r in 1/2,0,1/2; 0,1/2,1/6; 1/2,1/2,%/6
0 in 1/2,0,z; 0,1/2,2/3:%.2; 1/2,1/2,1/3 + 2
1/2,0,2; 0,1/2,2/3 - z; 1/2,1/2,1/3 - 2
with z ~ 1/4
Ihe density of this compound should be redetcrmined.

(1) J. De Stroupe, JsA.0.5. 71, 571 (1949).

2+ Price and Zemany (1) have studled the equilibria

- (31'13)2:31c12 ¥ (0}13)4;}1 .....2(0113)331?31 (a)
(01-13)31013 - (JH3)31}131 —r 2((51%)2;31012 (v)

and have determined the followlng thermodynamlc datas

deaction AHO}SSOC’ zeal/mol A4S, e.u. AFOBFBSOG’ zeal/mol

(C’u) "3.6 2.8 °§o"+
(b ‘306 106 “4.7

I propose that the heat of reaction is due primarily to a heat
of interaction of -1.8 keal/mol between a chlorine atom and a
metihyl group. The\heat of the reactlion

c 51C1, + CiCl, JHg 01
1s predicted tc be =3%.6 xcal/mol. The heat content at 3859

of the methyl chlorosilanes can now be derived acs funetions of
the heat content of ﬁi(GHB)4 and 5101,

(1) P. D. Zemany anl . P, Price, J.A.CsC., 70, 4222 (1948),

3. Pauling (1) hac sugrested an equation which relatcs
bonded intermetallic distances to the bond order. I have applied
thls equation to liquid metals by assuming that there iz a
Gausslan distribution of btonded nelghbors. The derived expression

o
- g

ll W

D = 0(1) + C.26 In(l/v)+ C.366w3

¥

&
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where D is the mean bondeld dlstance, wy 1o the halfl wldth of the
bonded nelighbor distribution curve, &ﬁ& N 1g the avcrage numbepr

of ;Jn;oi ngl;zborﬁ All of these QUﬁﬂLLbiGS can be obtalned by
suitabls agsurenents of the first pealr of the pallal distribution

funetion ”ﬂr the metals Using the radlal z‘mtrLbut‘on curves of
0. Gamertsfelder (2), the following data were obtained:

iletal Temps, %0  Danigs 2 obv , &
Tin 350 3»40 3 -38
Indium 160 336 3430
Zinc 460 300 v 2094
Cadnium 350 3615 %206
Aluninum TO0 2.99 2296
Lithiun 200 3645 324

(1) L- Pwul’fn,ﬁ,, Js xtVwa’ _‘_a‘ 43 (1547).
(2) C. Gemertsfelder, Ju0ers, 2, 450 (1941),

4y In order to increase the object iV¢ty of the electiron
diffraction method for the determination of the structure of gas
molecules, I sugsest that final comparisons can be made with
theoretical scattering photographs, which ean be vrepare& by
sultable optical methois.

5+ (a) Brown (1) has measured the dlssociation constants
of the addition compounds of boron trimethyl with ammonia and

the methyldmines with what appears to be a high degree of pre-
clsion. In such cases i suggest the use of the equatlion

(1) AL
In|-—Bpr | = L | - 4R + O + 4R InT
(f/Tm) ; i ;]

= T + B (approximately)

=
P

in deriving the ther.m&ynatic functions. In thls eqguation Ty
is the mean Leupcrature of tihe measurcments and &Tm = 0 * iR ln@n

Brown's data on the adlition compound of boron trimethyl with
amnonia glves "
AST = 6.53 * 042 20} + 4R InT
A SGBMOK .9 cal/mol degree
A .L,g = 11,000 + 70 ¢al/mol
AHGB&?"E{ = 13,760 eal/mol

o

(-
e

(b) Theoretical entroplies and energies of the compounds
involved in the above reaction were calculated; they are

Compound 503470K €alle g 3479 (vibe + int. rot.) cal/mol
NH%3B(CHz )3 81.0 ' 3300
Ni- 46,1 70

E(GHE) T5+3 ‘ 2940



fhis gives A@°34 o = 4044 esus Tor the dlssocilatlon reactions
The method suggested by Rasmussen (2) to estimatc the height of
barriers to intermal rotatiocn and approximations similar to those
sugcested by Pltzer (3) to estimete vibrational entroples were
uged. :
(1) H. C. Brown, He Bartholomay, and il. Js Taylor,

Jded G sie, é_@_, o 431 and ""{'33 (1944’*)0 .
(2) . A, French and R. Us dasmnussen, J.C.P., 14, 389 (1946).
(3) X. 5. Pitzer, J.C.Ps, 5, 473 (1937)

Ge The following arguments can be prcsented against the
concept of "B" strain as presented by Brown ani coworkers (1):

() ihe heats of dissocilation of the addltion products
of the methyl amines and ammonla with boron trimethyl
can be readlly accounted lTor 1i a heat of interaction
of 3-4 eal/mol per methyl-methyl interaciion is
agsuned «

(b) His assumptlon of the essential absence of "F" sirain
in aqueous methyl-ammonium lonc is not necesuarily
correct.

(c) His arguments concerning the rclative eane of bond
angle distortlon before and after reactlon with a
proton are not convineln:.

(1) H. Cs Brown, H. Bartholomay, and li. D. Taylor, JsA«0eS.,
66, 435 (1944).
Te Chromium sulfide whlech containg pbout 54 nercent
sulfur shows an lnteresting mesnetle anomaly (1). At =180°C
it i1z paramagnetic; the paramagnetic susceptibllity Inocreases
wlth temperature vp to about -1209C¢, at which temperaturec 1t
beggmes ferromagnetics The ferromagnetlic Curie point is about
20 '
Chromium sulfide hac the nickel arsenide (B-8) structure,
in which the metal atoms are arranged in parallel, directly
superposed, equilateral triangular nets. 7The spacing between
the nets is somewhat smaller than the nearest neighbor distance
within a net. The above magnetic behavior nmight oceur 1I the
exchange intcgral betwecn nearest neighbors (4) 1s negative,
and that between nearest neishbors wlthin a nét (J2) is posltive,
and |3d,( 7 \Jl\ "

(1) 1. Haraldsen, Zelt anorg. allrmen. ghem y 234, 337 (1937).

~

8. Although the structure of Ala(GH,); sugcested by

Pitzer and Gutowsky (1) is tihe most logloaf 8ne sugoested thus
far, the experinental evidence is certainly not unequivocal
since (a) the vapor density neasurements of Laubengayer and
Gillian (2) dc not exelude the possibility of hicher polymers,

1d (b) thie structure gave only "fair" sgreement with the
clectron diffracticn data of Cutton and Sizimmer (3) while another
dimer structurc was listed as giving "good" agreement,
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L] u. )i bu(,b. C‘J‘nl 11. ':J. G'thOWﬂk‘ F J Qa“‘xac OSS 3 @;’
3304 (1046),

(2) A. W, Loubengayer and . Fe Gllliam, J.A:Q+5s, 6%
477 (1941).
(3) 1. A¢ Ckinner and L, L. Sutton, Nature, 6, 601 (1945).

9., (a) The ,xplanation sugested by Bateman (1) for the
shortening. of the slngle bond in the 3 posliticn in 1,5 diene
systems such as ic obscrved iln geranylamlne hydroohloride (2)
does not appear plausibtle, utaer similar dlenes and di-ynes
should be investigated in order to prove or dlsprove the generality
of thls anomalys

(b) Welo's eleetrostatlc explanatlon (3) for the large
rosl t ve Welgs ccnotw“t observed for polynuclear complexes such
as Cr_(CH 060)6(“h)2 “1~VH2” is probably incorrect. This
effect " might be caused by the elose Juxtaposition of cations in
the complex.

(J) ‘. L. Datemen, Lrans. Feredmyocs, 38, 357 (1942).
G. A. Jefirey, Progs. RoVae ovi, Al183, 388 (1945).
()) Le As Welo, Phys, Rev., 32, 320 1C20).
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