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The Prediction of Core Electron Binding

Fnergies with a Four-Parameter Equation.
William L. Jolly* and Albert A. Bakke

Contribution-from-the Department of Chemistry, University of California,
and the Materials and Molecular Research Division, Lawrence Berkeley
Laboratory, Berkeley, California ©4720.

Abstréet:"Cheﬁicei éhiffs in core electron binding eneTOies can be
j predlcted by the equatlon AER = aF + bR, uHere the parameters a and b
”are characterlstlc of the class of nolecule and atom to which the bLndlng
ener01es pertaln, and the parameters F and R are charactellstlc of substl—
tuent grouns The F and R pardmeters are analogous to the Swain and
”Lupton'?'andtk parameters, i.e., they measure the ocand w electronegatl—
vities, respectlvely of substltuents Foue»er, the F and R Value> are
.approprlate only for processes in hhlch a 10C3117Cd poqttl re charge
develops on ‘an atom wherea> ‘the ?'and<k Values are dnnrowrlate for
ordlnary chemlcal reactlons (1nc1ud1ng both eleCtTOphlllc and nucleophilic
ubstltutlonb) Thue lone palr 1onlzat10n potentlals and proton afflnltLeS

can be correlated w1th F and R Values more satlsfact0111) than hlth 3'and

& values



Introduction = -

Chemicalisﬁifts in core electron binding eﬁergies can be equated to
the energies of chemical reactions involving ground-state species.1 For
example, the difference between the carbon 1s binding energies of gaseous
methane and gaseous carbon dioxide is practically the same as the energy
of the following reactioh.z |

M, + N7 — M7 o+ 0,
It has been found that, for oxygen-containing compéunds (alcohols, ketones,
esters, acids, etc.) and amines, shifts in the oxygen 1s and nitrogen 1s
binding energies are essentially equal to the ﬁégative values of the corre- -

3-5

sponding shifts in proton affinities. It has also been observed® that

there is a linear correlation between the -pKy values for acids RCH,COOH
and the iodiné 3ds, binding energies of the corresponding iodides RI.

The fact that there is a close cbrrespondence between binding ehergy
shifts and the energies of chemical processes suggests that it should be
' poséible_to predict binding energy shifts using the same sorts of corre-
lations and.empirical pafameters that are used to'predict the energies.of
"chemical processes. Indeed, it has reCently'been'shdwn7 that the carbon
1s shifts of.édme subStifuted benzenes are 1inéariy correlated with the
Hammett olbéfameters of the substituents. Howevéf‘there are limitations
in the use of Hammett parameters, eVen in the correlation of ordinary
chemiéal data}  A givenAset of o values can be uSéd tb correlate data
only fbr similar chemical systems. To obtain a set of substituent
parameters applicable'to a wiée variety of systems, Swain and Lupton

proposed that the Hammett op function be replaced by the sum pgf¥F + pr&,
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in which thé paragetérs p,;f,,and T are characteristic of the substrates
and feactions and the parqmeters'§vand<R'méasure~the "field" and‘”resoﬁance”
capabilities of the substituents. For a given set of reactions, p is
~ constant and the functionvpf?’+_pr$vcontains effectively onl} four'parameters.
Analogous fbur-parametef functiéns héve been used by other inves;igators
to correlaté chemical data. For example, Edwardsguéhowed“that eauilibrium
constantsfof Lewis acid-base reactibns_can be reproduced by the equation'
| log(K/Ko) = oF; + 'BHFI- N

where K is. the equlllbrlum constant for the rcactlon of a base with a
particular ac1d and Kb is the constant for the corrcspondlng reaction of
‘ a'reféfencé base. The paraméters o and B are empirical constants charac—
‘teristic of the acid, and E, and H are 1ndependent parameters for the base.
v Slnllarly, Drago and hayland " used a four~parameter equatlon to corrclate
" heats of d;ssoc1at10n of Lewis acid-bésé adducts: | |
| | MH = EpFp + CaCp
‘The’paramétérs“EA'and Cp were éssignéd to the écids,‘ana the paraﬁeters
"Ep'and Cp were""a'ssigned to the bases. S |

in,this research we show that if ié”possiblé to éofrelate core elec-
tron Binding'ehérgy shifts by means of the relation :; | N

o 8B = aF + bR 1

in wh1ch the parameters a and b are characterlstlc of the ;lass of nole—
'cule and atom to which the binding- energles pertaln and the parameter<
F and R are gharacterlstlc of substltuent groups. 'The AEB values are
v exprééséd'in electron volts, relative to the b1nd1ng energv of the mole-
"cule ‘with a hvdrogen atom as the substituent. Thus there are partlcular

values of a and b which Correspond to the carbon 1s blndlng energles_of



compounds of the type (H;X, relative to methane. As an exarple, it is
possible to predict the C 1s binding energy of methyl'chloride relative
to that of methane by substituting these values of g_and b and the F and -

R values for the chloro group into equation 1.

" Results and Discussion

We have considered sixtéen types of binding energy shifts. Five of
these are carbon 1s shifts (fOr molecules of the type CHsX,-Cﬁgx, 0CXa ,
CX,, and CHZCHX),11 two are fluorine 1s shifts (fbr molecules of the type
FX and F3CXj,_and the remaining niné are core Sﬁiftsvfbr boron, silicon,
gérmahium,_tin, phosphorus, oxygen, chlorine, bromine, and iédine in
molecules'containing these elements. We have used data for the following
" ten subétituéﬁtS‘(in addition to hydrogen, the reference substituent)e |
CH3, CF3,‘C5H5, SiH;, GeH;, OCH,, F, C1, Br, and- I. The siXteen types of
Binding energy'shifts and ten substituents correspond to a total of 160
possiblé AEB Values; iny 92 of these values have'béen experimentally
detérmined; théy were used to evaluate the variousig)_p, F, and R values.
In ordef to obtain a unique‘set of these parameters, four.of_them (the
F‘and R Vaiges fbr (H, andvthe a and b values for CXQ) were arbitrarily
fixed. ThUSIWBiobtained 92 equations with 48 pafameters to be determired.
The values of the parameters, detemmined by a least-squares computer
pr_ogram,l,2 are given in Table I and II. The standard errors of the F
values'Aré bétween'0.0SZ and 0.045; those of the R values are given in
Table I. The standard errors of the’§ Va1ue§ are befween 0.37 and 0.50;

the standard errors of the b values are between 0.046 and 0.049. The



Substituent

CH;
CFs
CCells
SiHs
GeH3
OCH 3

c1

-Br

.
0.
-0.
-0.
-0.
0.
1.

Table I.
Values of F and
F

000)
486
286
230
258
722
787

.959
.624
.451

R
- ‘ Std. error

R - - - of R

- 2.00) , ----

307 0.1

- 0.01 | 40

- 0.02 39

- 0.70 41

- 7.61 48

-13.85 99

- 7.68 57

- 4.53 44



Table II.

Values of a and b

Class of a 9'” h/a
" Molecule ' o _
BX, 721 0.525  0.075
CHaX. 197 | 0.037._-' S .019
Gx 376 0.323 .086
ocx:  4.58 0.221 - .048
X (8.00) - - (0.250) .031
GLax 0 411 0.492 1120
SiXe 8.22 0.698 . .085
GeXo 7.3 0.600 082
Snx; ’ - 7.62 | 0.651 | .085
PXs | o 7.21 | 0.576 .080
ocx, 8.27 0.985 .119
X | 6.85 0.726 106
dx 2.7 | 0.280 105
ax 5.07 | 0.565 .11
BrX 376 o576 1S3

15 QR 3.46 -~ 0.402 . .116



experimentai'and calculated values of the az binding{energies are listed
in Table iII.' The Gaﬁss criterion for closenesé’of'fit was used; that
is, the parameters were chosen to_minimize the Sﬁm‘of tﬁe squares of the
'deviétions bétWeen experimental and calculated Valués

The values of the four fixed parameters were chosen so that (1)
the trend in F values qualitatively resenbles that for electroneﬁﬂt1v1t»
or ¢ electron withdrawing<power (e.g., the F value‘for the fluorine atom
is greater-than that for the methyl group), (2) fhé'trend.in R values
qualltatlvelv resembles that for w electron n1thdrdw1no powcr (e.g. the
R xalue for a cood 7. donor such as the fluorlnp atom 1S more negative than
that for a relatively poor m donor such as the methyl group), and (3) all
‘the a and g-vaiues are positive. . The last restrictionvis reasonable if
one wishes t§ ihterpret"the a and Q_Valués as abéolute measures of the
sensitivity of the core4iOnizing atoms to,-;espectively, (o] and.w inter-
actions withAsubstituent groups.. The ratio b/a, given ih Table 11, may
be' taken as a méésure'ofvthe m electron sensitivity, relative to the o
E electron sensitivity, of the core-ionizing atoms. :High;values of b/a were
'found for éfoms whiéh can‘accept”negative fbrmal charge from substituents,
asvin the casevéf the oxygenvaéoms of ketones and the.B carbon atoms of

vinyl compounds.

H,=MH—X = O,—H=X

- Core ionization of such atoms probably involves a relatively large. amount

of electronic relaxation in which electron densityvis shifted to the



Table ITI.

Experimental and Calculated Bindirg Energy Shifts

——— AEg, eV —

Core Level Compound
. ' Expt1l Calcd -
B 1s B(CH,) 5 -0.7 ©-1.05
B(OCH;) 3 1.0 ° 1.20
BF; 5.7 5.59
BC1; 3.1 2.88
BBrs 1.9 2.12
BI; 0.7 1.00
C 1s G, O, -0.14 - -0.07
CH, CF, 1.11 0.84
CH, Ce Hs -0.57 - -0.57
CH, SiH; -0.40 -0.46
CH; GeHs -0.52 -0.54
(H,0CH, 1.41 1.14
Q5 F 2.8 3.01
. MHsCl 1.60 1.61
CH3Br 1.23 1 1.06
HsI 0.6 0.73
CF 5 CH, -0.60 -0.65
gpacps 0.61 0.84
CF3CeHs -1.00 -1.08
CF, 2.72 2.24
CF3Cl1 1.07 1.13
CF3Br 0.19 0.89
CF31 -0.24" 0.31
0C(CHs) -0.50 -0.44
 0C(CEs) 1.40 1.54
OC (CoHs)- -1.3 -1.31
0C(00H,), 1.74 1.62
OCF, | 5.26 5.11
0CCl» 2.37 2.69

(CONTD.)

o T 0o

13
13

13
13

13



Table III.»(thtd.)

C(CHy)

(R,

cCl,
CBI‘q,

*®

CH, GHCFs
éhammh

(H, CHF

*
) CHz Gic1
*®
 CHpCHI

Si 2p

Si(CHs)ws
SiFy
SiCls

.SiBry

Ge 3

Sn'Sde

Ge ((Hs)w
GeFy
GeCly
GeBrsy
GeIu:

Sn(CHs)
SnCls

~ SnBry
- Snly

P 2p3/2

0 1s

(CONTD.)

PF,
PC1,
0C((H,),

OC(CF3),

SC(CeHs)z
dc(ocH, ),
OCF,
0CC1,

-0.40

11.05

5.51
3.93

0.8
-0.7
0.3
0.11
0.2

-1.32
4.51
3.11
2.45

-1.29

4.42
2.79
2.02

1.12

-1.36
2.18
1.72
1.01

. _1.11

4.76

2.73
- -1.52

1.08

-2.63

-1.55
1.17

0.12

.50
- 10,

83

5.75
3.86

—

O N R

1.30

2.31
1.81

0.65

.15
.90,
2.49
97
.99
.38
.53
.11

> 2N ¢ T T & A <

p—t

o

(G2 IS |
fuliy

P e

—
Ll L L W

s
w



Table TII

F 1s

. C1 Zp;é

Br 3ds;,

I SdQ&

(CONTD.).

. (contd.)

FCH;
FCF3
FCgHs
F2

FC1 -

CF 3 (H;
CF3CF;
CF3CeHs
CFy
CF4Cl
CF3Br
CFsI

C1CH,
C1CF3s

© ClCeHs
C1SiH;
C1GeHs
ClIF
Cl,
C1I

,BTCHa A
BrCF3
BTCsHs

BrSiHs;.

BrGeH3;
Brz
- Brl

ICH,
ICF;
ICt
IBr
I,

-10._

.98
.23
.03
.93
.41
.04
.06
.90

0.20

.07
17
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Table TII. (contd.)

. p, .W.":Dz-wis,' Ph.D. Thesis, University of -Californié, Rerkelev, (alif.,
1973. (Lawrence Berkeley Laboratory ARepOI‘t LBL-1900.) h'Ihis work. See
’Expei‘imental Section. °©S. A. Holmes and T. D.” Thomas, J. Am. Chem. Soc., 97,
2337 (1975) .. dS. A. Holmes and T. D. Thomas, unpublished work. A. Bemdtsson,
E. Basilier, U. Gelius, J. Hedman, M. Klasson, R. Nilsson, C. Nordling, and
S. Svensson, Phys. Scr., 12, 235 (1975). 'fD. W. Davis, D. A Shifley, and
T. D. Thomas, J. Am. Chem. Soc., 94, 6565 (1072). &T. X. Carroll and T. D.
Thomas, J. Chem. Phys., 60, 2186 (1974). ' |




-12-
core—ionizing'atom from the subétituents.13 The average deviation between
the experimental and calculated binding energies in Table IIT is #0.20 eV,
the standafd deviation (calculated on the basis théﬁ all the a, b, F, and
R parameters are variables) is iO.37VeV. These deviations are quite reason-
able in viéw of the fact that manyrof the experimental AFp values are uncertain
by as much as *#0.3 eV. (AEg values measured in a given laboratory can have
un;ertainties of iO,l'eV or less, but those calculated from absolute values
determined in differentilaboratories are ruch more uncertain.) Obviously
equation 1 can be very useful for prediting unknown ﬁore binding energies.
As a bonus, the_F and R.Va1ues in Table.I give us information regarding the
electronegativities and wvdonor/acCeptor abilities of the substituents.
The F and R Values.are also useful for correlating the energies of
any generél prbcess in which a positive charge fbrﬁs on an atom. One process
of this type is the ionization of a lone-pair electfon, such as a nonbonding
valence électrqn of a halogen atom in a molecular halide. Hashmall'g;_gl.l4
have shown that the jodine 3ds, (core) and iodine S5py, (lone pair) ionization
potentials of é.series of alkyl iodides are linearly éorrelated. bHowever,
they noticed that the values for hydrogen iodide do .not fit the correlation.
The COrresponding lonization potentials for various other iodides are also
not 1inear1y'correiated. The lack of general correlation may be explained
by the fact that the core ionizations and lone paif lonizations have differ-
ent relative sensitivities to the m and ¢ bonding éharacteristics of the
substituents, ahd hence they have different values for the ratio b/a.
Therefore data for various substituents (with essentially independenf values
for F and R) cannot be linearly correlated.  The ﬁalues for the alkyl
iodides are linearly éorrelated probably bécausevthe alkyl groups have very

15-21

similar'R/F values. We have shown that literature- values of the valence

shell lone-pair ionization potentials of various chlorides and iodides can be
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corfelated'osing equation 1 and the.F and R values from Table 1. The
least-squares evaluated parameters are, -in the case of the 3p ionization
potentiale of3¢h10rides,‘§.= 4.59 andn§_= 0.57, and for the 5P1s ioniza-
tion potentinls of iodides a = 2.50 and.b = 0.36. Values of the experimen~
tal and calculated h1ndﬂnq energies, relative to the \1lue< for the hvdrogen
halides, are glveq in Table IV. The standard deViationc are 0.25 and 0.27 ¢V,
and the average absolute deviations are 0.19 and O 18 eV, respectively.
Another.general process for which energies can be correlated with the
F'and R values ls the addition of a proton to a lone pair of electrons.
Several authofs have shown that the proton affinifles of limited sets of com-
;pounds are linearly correlated with the core binding energies of the protonated
.atoms.s_S Agaln deviations from the linear correlation appear in the case
of molecules with markedly different substituentsfs ‘However we have success-
fully correlated the proton affinities (PA) of anines, XNH,, covering the
extreme variety of substituenfs of Table I, using the”relation
-A(PA) = aF + bR |
In this case the least-squares evaluated-parametefs a and b are 1.07 and.
0.07, respectively. The experimentalzz’23 and»caleuleted proton affinities,
relatlve to that for ammonia, are given in Table V. . The standard and
‘average absolute dev1at10ns are 0.22 and 0.15 eV, respectlvelv
 The F and ‘R values in Table I resemble in some respects the corre-

sponding ¥ _and& values of .Swain and Lupton. However, the sets are
fundamentally different.(they cannot even approximately be transformed

into one another) for two reason< Flrst the F and R \alu°s aprly

only to gaseous spec1es and thus. are 1ndependent of solvent effeut\
' that undoubtedly._affect the ¥ and R values. Secon_d_, the F and R

-values are strlctly applicable only to processes in which a locall ed

positive charge develops. The F and R values are thercfbre pllnClpdll)
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Table 1IV.

Halogen Lone Pair Ionization Potentials

Molecule  IP, &V® —— A(IP), eV — Ref
: " exptl - calcd

CH;C1 . 11.33 -1.46. -1.15 15
CF3C1 1310 0.31 o 0.47 15
CeHsC1L 1151 128 1.32 16
SiHsCl - 11.61 S -1.18 o -1.07 17
GeH;C1 11.30 -1.49 -1.59 17
FC1 | 12.86 0.07 . 0.23 18
Cla | 12.96° S 0.17 - -0.01 19
IC1 - 12.83 0.04 -0.39 19
HC1 - 12.79 - 20
(HsI ' 9.85 -0.87 - -0.73 21
CF,1 L 11.09 \ 0.37 . 0.10 o
CGHsI . 10.06° -0.,66 C-0.72 21
SiHsT . 10.06 -0.66 -0.58 17
GeHsT 9.8 . ~ -0.86 -0.90 17
C1I o 10.41 -0.31 - -0.39 19
Brl o 10.12 | -0.60 . -0.09 19
. . 10.56° -0.16 -0.43 19

HI - 10.72 f o 20

aVertical.IP's. When spin-orbit splitting was observed, average
values are used. 3p ionization potentials are reported for the chlorides,
and Sp ionization potentials. for the iodides. 'bThe,average of the

symmetry-split bands. “The average of the an and ZHu states.



]

Ny,

Molecule

CHaI\er
CF3NH,

‘CeHsNH,

SiH;NH,

(CH3ONH,

CLMH;

BI‘NHZ
INt.

WD 6' 5
- -15--
Taiale V.

Proton Affinities of XNH, Molccules

PA, kcal/mol ;

exptl
211 -0
196 0.26
209 -0.30
204 -0.09
207 -0.22
201 0.04
182 ©0.87
190 1 0.52
189 " 0.57
188 0.61
202 |

8gee Caiculations Section

.39

0.

B
31
.25
.33
.24
.94
.49
.35
.18

-A(PA), &V ——
- calcd

14

O L R T U U R

N W
(93]
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affected by the:ggggs abilities of the Substituents and are relatively
indepéndentvof the acceptor abilities. (A good donor is not necessarily

a poor acceptor, and vice versa.) On the other hand, the ¥ and & values
were set up to be applicable to a wide variety of processes, including both
nucleophilic énd electrophilic reactions. Hence‘the T and & values reflect
both donor and acceptor characteristics. Probablyvthese facts can be used
to explain the fact that the R value for the CF; group is negative, whereas
the corresponding ® value is positive. In a core ionizatioh, the m acceptor
ability of é substituent is relatively uﬁimportént corpared to its T donor
ability. Hénce the 1§w negative R value for CF;, indicating that'CF3 is

a faifly_poor-w donor, is feasonable. However in many other chemical
processes, the.strong wvacceptor ability of CFy is important. The positive
bétvélué reflects this abilify. Obviousiy'?'and:k.values represent a com-
promise in the measure of donor and acceptor properties. It is significant
_thatvfhe-lone pair ionization potential data and_prdton affinity data of
Tables-IV.and_V are very poorly correléted if ¥ and R values are used

instead of F and R values.24

Calculations

Core Binding Fnergies. - The B 1s chemical shift between BH, and

BF; was calculated on the basis of the equivalent cores approximation1

from the heat of the following reaction.
BH; + CF;'— BF; + (H,'
The heat pf_formation of BH; (20.5 kcal/mol) was calculated from the data

25 26

and Gunn and Green.

of Garabedian and Benson The heat of formation

of CF3" (99.3 kcal/mol) was taken from McMahon gg.gl.,27 and the heats of

<
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: + .28
“formation of BF; and (H; were taken from the tables of Franklin gg_gi.“b

These data lead to AEg = -5.7 eV. The AFp values for the other horon
compqundszg’sq (relative to BFj) were added to 5.7 eV to obtain the values

in Table ITI. The C 1s binding_?hergy of (H, (290.71 eV) is derived from

31 32

measurements of Pefry and Jolly.J The C 1s bindihg enefgieS of f 3,

HzCO,33 and CzHu34 are 8.30, 3.50, and -0.1 eV, réspectively, relative to
(H,. The core binding energies of SiH, and GeH, were taken fromFPerry

and Jolly;31 that of SnH., from Avanzino and JolIy;SS and that of PHa from

36

Perrv, Schaaf and Jolly. The O 1s binding energy of H2CO has been

determined37 to be -3.77 eV, relative to the main peak of 0, (for which
we have measured Ep = 543.21 éV).' From these data we calculate Ep =
539.44 eV, in good agreément with the value 539.42 eV .reported by Carroll,

Smith- and Tho_maé.5 The F 1s binding energies of HF and CHF; have been

reported as 694,22 éVSS_and -0.9 eV (relative‘to CF4)32, respectively.'
The core binding energies of HC1 and HBr were taken from Perry and Jolly.31

The I Sdgé binding energy of HI is -0.20 eV14 (relative to CF3I) and that

of CF3I is 627.76 eV._6 The latter compound was uéed as a reference for

most of the other cfgx compounds.

”Proton‘Affihities; - In the case of each 6f the aminesvexcept CHsMH, ,
CgHsNH,, and NHg, we calculated the proton affinify from the sum of the_
‘energies of reacfions 2 and 3, in'which-all species are'gaéeous. e

XNHa+ 4+ (Hy — XCH; + NH4+ o . A (2)

XCHy  + NS —XNH, ¢ H G, (3)

+ .
XNH 3 XNH, + H
used the equivalent cores épproximationl;,that is, we assumed that the
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energy of reaction 2 is equal to the difference between the € 1s bhinding
energy of Q{q_and that of XCH;. The appropriate'%AEB values were taken
from Table III. When available, the heats of formation of species in

4
28,39, O In seome cases the

reaction 3 wefg faken from the literature.
‘heats. of formation were estimated, as follows. The heat of formation of
SiH3CH3 was éssumed to be the average of the heafs of formation of Si,Hg
and C,oHeg minﬁs the quantity 23(Ax)2;kca1/m01, where Ax is the difference

4 (Calcd

in the Pauling clectronegativities of silicon and carbon.
AH; = -12 kcal/mol.) A similar procedure was uéedvto calculate the

heats of formation of GeH;(Hs (-2), CFsNH, (-149), SiHsNH, (-12),

GeHaNHz (-Zj, BrNH2>(14), and INH, (13). The»heatslof formation calculated
by this method for FNHz and CINH: afe very close tb_those calculated from
the formula AH;  = 1 AH;(NX3) + 2% AH;(NHg). We used AH;(FNHZ) = -16
and AH;(CINHZ) - 12. The heat of formation of'é methoxy compéund is

~ generally about 7 kcal/mol higher than that of the corresponding hydroxy

compound. Hence we added 7 to AHf(NHzOH)4O to obtain AHf(CHgoNHz) = -6.

Experimental

Spectra were obtained with the Berkeley iron-free, double-focusing
maghetic spectrOméter.42 ?Magnesium Ko X-rays were used as the'phoﬁoionizing
radiation, except in. the case of-Gqu, for which aiuminum K, x-rays were
, used} The spectra of Ce¢HsCHs, C5H5C1, CHZCHI, PF, and CI1F were_referenced
against the Ar Zpi@ line (248.45 eV), and the spectra'of CF3Br, (H,(CCH;4,
Gel, and CgHsBr against the Ne 1s line (870.23 eV). Binding energies were
deterﬁdnedvby a least-squares fit of_the experimentél data to Lorentzian
lineshapes. Our measured binding energies are believed to- be accurate tb

+0.05 eV, except for Gel, (£0.1 eV).



Reagent gréde toluene and chlorobenzene.werested withoue further
'purification Bromobenzene was purlfled by dletlllatlon bromotrlfluoro;
methane was obtalned from PLR, Inc., methyl vinyl ether from the Mathoson
Co., Inc. , phosphorus trlfluorlde from Rebearch Organlc/Inoroanlc Chemical
Corp., and chlorine monofluorlde from Ozark- thonlng, Inc Vinyl iodide

was prepared bv the method of Spence 43 and its purley checked by nmr. 44

Germanlum tevralodlde was prepared by the method of Foster and h11115t0n45

and was purified by vacuum subllmatlon
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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Energy Research and Development Administration, nor any of
their employees; nor any of their contractors, subcontractors, or
their employees, makes any warranty, express or implied, or assumes
any legal liability or responsibility for the accuracy, completeness
or usefulness of any information, apparatus, product or process
disclosed, or represents that its use would not infringe privately
owned rights.
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