Lawrence Berkeley National Laboratory
Recent Work

Title

THE CRYSTAL AND MOLECULAR STRUCTURE OF di(TETRA-n-BUTYL AMMONIUM) COBALT (II)
BIS-(MALEONITRILE DITHIOLATE) AND THE GEOMETRY OF THE DIVALENT COBALT (ll) BIS-
(MALEONITRILE DITHIOLATE) ION

Permalink
https://escholarship.org/uc/item/22z9c3h7

Authors

Forrester, J.D.
Zalkin, Allan
Templeton, David H.

Publication Date
1964-06-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/22z9c3h7
https://escholarship.org
http://www.cdlib.org/

UCRL~11497

~University of California

Ernest O. Lawrence
~Radiation Laboratory

N )
TWO-WEEK LOAN COPY

This is a Library Circulating Copy

which may be borrowed for two weeks.
For a personal retention copy, call

Tech. Info. Division, Ext. 5545

N\

J

THE CRYSTAL AND MOLECULAR STRUCTURE
OF di(TETRA-n-BUTYL AMMONIUM) COBALT(II)
BIS-(MALEONITRILE DITHIOLATE) AND THE
GEOMETRY OF THE DIVALENT COBALT(II)
BIS-(MALEONITRILE DITHIOLATE)ION

Berkeley. California



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal 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. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



E .
H
i
H

' Submittgd for publication in Inorganic Chem. S UCRL-11497 |

: . . O . . § . ¢

' UNIVERSITY OF CALIFORNIA | -

B AP A eoeiricme, T Ayt . T

'?\ J Tawrence Radiation Iaboratory .
i | Berkeley, California

. R -1 7. AEC Contract No. W-T405-eng-U8

5
i
.

-
X
]

Ty

3

A

4
i

K
.

2

i

H
3
H
4
I
i
H
i
3
I
i
i

i

THE CRYSTAL AND MOI.ECULAR 'STRUCTURE OF di(TETRA—n-BUTYL AMMONIUM) COBALT (II)
BIS- (MALEONITRIL’E DITHIOLATE) AND THE GEOMETRY OF THE DIVALENT COBALT (11)
BIS- (MALEONITRILE DITHIOLATE) ION

- J. D. Forrestér, Allan Zalkin and David H.tTémpleton
~JUN 1964
1




- UCRL-11497

COWTRIBUTION FﬂOM THE LANRENCE RADIATION LABORATORI AND DEPARTMuNT OF CHUMISTRY,
| EAREE, UNIVEQSITY OF CALIFOR‘\FA, BLRKELEY, CALIFDRNIA

1
=1
b

The Grystal and Nolecular §§mc~ture of di .(.~ razn-bityl ammonimm) gobaly (II) -
Ei-'zzmlsersmm ithiolate) and the geometry of Efz% divalent cobalt (II)

T LT T ) NN ~or~

bis:(maleonitrile 1thlolatel %ggo}

The crystal and molecular structure of dl-(tetra-n-butyl ammonlum) cobalt (II)
: bis-(maleonltrlle dlthlolate) has been determined from an x-ray diffraction

*;,study of a single crystal spcclmen. A convenient triclinic cell, space group o

—————

fﬂ, with a = 10,77 + 0,01, b = 12,35 + 0,01, ¢ = 9,81 + 0,01 Res o = 88,5 + 0. l,;t 
‘v§‘= 114.8 + 0.1 andy.=_93.5 + 041°, contains one formula unit. Atomic parameters.
'were refined by least squaresvhethods using full three dimensional data out to |
20 = L0°, |
The anion ié closely planar with the sulfur aﬁgms in a square arr#ngemen£515
around the cobalt atom, The symmeﬁry of the anion is mmm to a very élose degree, -
Three of the n-butyl chiains in the cationvadopt the trans conformation whilst". ;
the other has ﬁhe gauche éonformation with a dihedral angle of 71.60..The
: ‘cobalt étoms are very well separated with the closest disténcé,ofvapproach  ‘“‘ff 1, 

”:as the shortest axial length of 9.81 A, Positions of all 36 independent

“ hydrogen atoms were determined from an electron density differenceAfunction. S;fff‘Tﬁ

Int{oduction

NN AP P

There has been con31derable interest recently in’ the electronlc energy '“:.h”
"T‘Tj_levels of & series of compounds represented by the general formula R! (N Sh ) h)
‘"'}fj;where z = o, 1, 2; MY = Co, Ni, Cu, Pd, Pt, Zn, Rhy R = CN, CF,, 0635, ete. .
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“{”'“'{"and p','-; (p-c ) ," (CHB)LN

f;fwas flrst'prepared by Gray and o--'workers2 who found that the x-ray powder

G dlffraction patterns for ((n-Bu) uN) (0 (MNT) ) _ with M' e Co, Pt, Ni and later,*
‘”»?iﬂRhB were 1dentical and differ consmderably from that found with Ml = Zn. ra'ﬂ““

"pjj_u' Electron spln resonance and magnetlc susceptiblity measurements on these

f{jj?*ﬁ%fcompounds have been made by Davison et alb S 6_as well as by Gray et a12 and Billig‘f\?ﬂ

”‘riet al7 Prev1ous evmdence ’9 indicated that. four co-ordinated low spin complexes

;.ﬂ;_of Co were likely to be square planar. ThlS is based.on magnetlc measurements and.q;%¥~

-ﬁTapparently the only ev1dence ‘obtained by xrray dlf’ractlon technlques is the l'T.L
fgmolecular structure ;of Co(II)phthalocyanlne where Lanstead and. Robertso 19 ll
‘ﬂlshowed that the Co- atom had a square. planar envmronment. thtle further ev1dence

;soems to be avallable, e. g. JellleQa

L
2 -

13' '_-

‘ 'An x—ray structure determlnatlon mas completed very recently by Elsenbcrg‘et al
.;on another menbex of thls famlly, v1z, ((CH )hN)2 (Ni(MNT) ) and our work is 1n .:;_f
ig!;very close agreement with this,.'g - v, _l.' - , " %
e Maki et al:u4 have recently used the results of the present crystallographic
“Ay‘?f{:investlgatlon in a detalled report on the electronic structures of several members 'if.‘

of this series of. compounds.,




A?ffim.m"sendlng us some’ well formed crystals of the complex (n-UuhV)2 (Coshch(PN) )2-'i i

Hég»ln a paper by Davison et als

'lZ ce11 d1mens1ons are based on A = 0,70926 & for MoKa, .

-3- R g UCRL-11497

REATASEAe
;

'%5 X—rgx dlffractlon -—Je are 1ndebted to Dr° A H Iakl of Parvard Unlvcr31ty “; S

NN Ao

j:The meltlnp poznt, analysis and conducthlties of these crystals are descrlbed ;“ﬁ'th'

'}7ﬂ'-X-ray photographs obtalned by the Welssenberg technique and copper radlatlon 5'5f
”‘;°:estab115hed the dlffractlon symmetry of the crystal. A Sln?+¢ CrYStal in the .

‘““”filform of a thln plate of approx1mate dlmen31ons O 2L, x 0,20 x 0 10 mm and mounted-;f&;i

\

“'about an ax ax1s was used for collecting the intensity data° Inten31t1es were 0
‘~fmeasured w1th a General Electric XRD-5 gonlostat equlpped with a sclntillatlon

‘*"counter and a pulse helght discriminator. MoKa radiztion was used and the unit

The 2213;independent reflections permitted by the space group in the sphere'i,”u

of reflection with sin®/\ less than 0.L82 (26 < uo°) were measured with counting .-

" times of 10 sec. each. Of these, 390 were assigned zero intensity and the maximum . .
"rf””"couht was 12,350 coqnts/sec. for the 100 reflection. No corrections were made
for either absorption or extinction. With,ﬁ‘s 5.9 cm-1 for Mo radiation, /uR'is'

”*{;‘o 07 or less, making the absorption effects rather small,

Calculatlons were made with an IBM 709h computer u51ng a full matrlx least

‘f.;squares refinement program written by P.K.Gantzel, R.A. Sparks and K.N. Trueblood

Ui with minor modiflcatlons, and Fourier and distance programs written by Zalkin r;}:ﬁ"'

(211 unpublished). We minimised the function 2."_’.(,!?.0[ - lﬁcl)z / 2:?2’_13.02’ where*-'; ¢

S Eo'and zc are, the observed and calculated structure factors, respectively, and - -

W is the weighting factor.

Atomic scatterihg factors were taken as the values given by Ibersls for'neutrai;‘

o r‘o, S,. N, C and H, Dispersion correctlons16 of =0, and -O.l electrons were added

O R

. to the Co and S scatterlng factors respectively. The 1mag1nary part of the c;

1=dispersion correct)on is small and was ignored.




chsults

~~~~N~~

=i COnvenient:pr;mit;v ¢unit{oellfcontainsfone
| )2 T AR

.v%‘§~ t Cell and Snace Group.
Pormula unlt «n-ch 9)hN) (Co\S cth)2 and is trlclinlc w1th dlmenslonsf”

2= 10, 77+ 0. 01, g{= 12 35 + 0. 01, c= 9, 81 + o 01 A

88'5 toa, 9_4

‘_g-

11u 8+ 0 1, v = 93 5 + 0.1

v - 1182 0 A3

P .

’i ﬂlth one formula unlt per un1t cell, the den51ty calculated from the xrray‘_

'] data is l 16 g /bc., in comparlson with' the value of 1, lh gs /cc. found by flotatlon :

methods using a mlxture of benzene and carbon tetrachlorlde.;_j/f' e T
AT A gzﬁ'”ww

There are: no systematlc extlnctlons and the space group could be either

1

Pl (C ) or Pl (C ) Prev1ous ev1dence lndlcated that the Co comolex was likely :

N

/

to be planar anc we. favored the space ‘group F1 (C ) and ‘the success of our ',(:,

ie?f- structure determlnatlon confirms; thls choice. -

i

' Determi; ation of the Struct“re.-After about half of the data had been 5;73 ERa

L 2 L T )

"collected a three dlmen31onal Patterson functlon ard a three d1mensional rourler

wlth phases based on Co placed at the orlgln, were calculated from the observed

..... —_— ,l.t__._ B e — — —— O e — .;_,,_.,,_. - L.

1nten31t1es after correctlon for Lorentz. and polar1satlon effects, From these two
functions and a knowledge of the:molecular geometry, it was p0531ble to determlne ?ﬁf,l
unambiguously the positions of all the 1ndependent atoms (28 LC and 2N) in the |

'_h;il;~;anlon. With the exceptlon of the Co atom whlch is in a special position,

all the atoms are in general two fold posmtlons,v j

T I R 2 (1) +(x, s 2) o S S -
R At this stage, a1l the data ‘had been measured and a second three dimensional ,

electron density function w1th phases based on the whole of the anlon was
calculated from 1627 observed reflections (whose intensity was greater than

‘"5'3 counts. per sec.) arter cu*rectlon for Lorentz and polarisat;on effeots. Using

aak S
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*.‘this function, uopether w1th 1nformation‘regarding bond distances and-angles and -

i

~fvre3ccting any pOSitions which did not lead to peaks in the Patterson function, S

| 'l;_all 17 1ndependent atoms (1N and 160) in’ the tetra n-butyl ammoniun ion were

. found 1n general p051tions,-1.l _ﬁ
A least souares refinement w1th all 26 of these atoms, each havang an

isotropic temperature factor of the form exp(-Bk 2s:\.n 9), and using the 1627 terms ;;

V‘i each with unit weight resulted 1n a conventional unreliability factor

- 1.3 €;1llF ‘ - l“ ll / 2§:|F l of 0.18 after 4 cycles of refinement. Interatomic .

; E i distances and angles appeared at this stage to be very reasonable but there were -

’:f_several large discrepanCies in the observed and calculated structure factors,

some of the temperature-factors were somewhat abnormsl and we felt that the

R

l'i'agreement should be much better:"Hc#everJNit was then realised that we had
”neglected to apply a.special position factor to the Co form factor which was thus,_i’:
twice as large as it ought-to be. Correction of this blunder‘and 3 cycles of |
refinement speedily rednced R to 0.11. Several errors in the data taking and in

the card punching were corrected and the Co atom given an anisotropic temperature

2

afactor of the form exp(-ﬁ11 2p12hk -2513h£ -28,3ke k&), with

ﬁ22 B33—

x s 34 being the length of the ith reciprocal axis. With this

bplj ! ﬁgfgég

notation, the anisotropic thermal parameters B, . are in the units (A ) which are

21

used for isotropic thermal parameters B in the temperature factors of the form

-2

‘_exp(fgl sinze). Four cycles of refinement with all 2213 terms included resultedlcf'"

"r; in R = 0,142. The terms were weighted so that the 1823 non-zero terms were giVen_i}_;?

'p unit weight and the 390 zero terms were given 1/L weight.

‘“"”:; with s1n9/k < O.h. With the exception of several peaks due to an 1ncorrect |

. An electron density difference function, with all the atoms except hydrogen_fpgi

':,,subtracted out was calculated using the results of this refinement‘for the termsv;pf:*

i

» description of the thermal motion of the sulfur -atoms, the highest peaks in thls ﬁ,f;f .

" function allucorresponded to reasonable positions for the-36_independent hydrogen;fi*””
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ﬂ~>%ol all 1n~two-fold general 0031t10n5e

mwo‘cycles of least squares rcflnement:

i"

v . A

“‘t c remalnder held flxed. Flrst, ne H atoms were 1ncluded but not reflned, whlle

SH: were held flned and the 36 ” atons, each w1th an 1sotroplc temperature factor,_;'

4

‘ﬂfwere reflneo and resulted in R = O 097. Thls procedure was repeated tw1ce to glve

va llnal R factor of O 091 In the flnal cycles, no heav1er atom parameter moved -

g,more than h% of a standard dev1at10n and most moved much less than thls. 5

The p031t10nal and thermal parameters resultlng from these last cycles arer7

| ﬂ'fllsted in Tables I, IT and III and ‘the observed and calculated structure faotors ?f"'“

:;;are compared 1n Table IV.‘

Standard deviatlons of the parameters of the heavy atoms were calculated

LQQ A'assumlng ‘that, _the. discrepanc1es in the structure factors represent random errors

S e e

and w1th the neglect of the effect of the H parameters. leltatlons of our: computer S
-1progran did not permlt us to estlmate the standard dev1at10ns of the hydrogen atom

v~parameters»bv the method of least squares., From the results of the. hydrogen bond

‘-5}%_3, distance calculations however, we estlmate the - standard dev1atlons of the H atom _"

S pos;tlonal parameters to be’ 0.1 to O 2 A.,

IR h ' N T «




1”;‘: compared in Table v with those found in the complex ((CHB)hN)2 (N4 (MNT) )2

-7 | UCRL-11497

~ Description of the Structure.—A projection down the b axis of the overall.
_ soruciure.is showh ih Fig;l: The_planaf Co(HNT)g- ion has a cehter of symmetry at . é

fxthe,cobalt‘atom>aﬁd5the‘two tetra n-butyl ammonium ions ere related to each other
"Vebjfeteenter of eyﬁmétrj, Thejions are interlaced to form la&ers in the bc plane.
ﬁ.EQg Co Ix~l2. '.f—Thé dimensions of the anion are illustrated in Fig.2 and‘-
ﬂf?Elsenberg et al” 3. The agreement is very close, with the Co-S and Ni-S dlstances_
. in the two complexes equal to well within the experlmental-accuracy.
'; The anion 1s very closely planar and dev1at10ns from planarlty are small. enoﬁgh
| to be chenlcally 1n51gnlflcant The three atoms Co, C(l) and C(2) define a plane'
of equatlon the .
: Coba996 X 6,634 Y 479752 = 0 .
;_The distances of the various atoms from this plane are iisted in Table VI. S(1) is -
somewﬁattout of the plane of Co, S(2), C(1) and C(2) and makes the five membered
ring slightly puckered and the cyanide groups are bent a small amoﬁnt out ofvthe ’
plane. None of these dev1atlons however is as much as 0,1 A,

| The chenically equivalent, but crystallographically non—equlvalent bonds
in the anion 3;3, s(1)-c(@1) and S(2)-C(2), ¢(1)-C(3) and C(2)-C(L), C(3)-N(1) and
‘C(4)=N(2) are equal to better than two standard deviations. Altnough the ion is
reqdired to have only a center of syrme try (gi), the éeometry is such that it does
not differ 31gniflcantly from mmm (D2h) - | |

The arrangement of the sulfur atoms around the cobalt atom is very close to

square although the S-metal-S angle within the five membered ring is found to be
. samewhat greater ﬁhen 91° in both the present structure determination and in that.o
of Eisenberg et g%lBo
"~ The closest intermolecular contacts of the cobalt atom are two butyl carbon N

atoms from each of the cations at distances of C(9) = 3,927 + 0,008 and C(5) =

L2179 + 0.008 K, together with the hydrogen atoms associated with these two carbon
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butyl chaans adopt the trans conformation but one,_(C(l?)-C(ZO)), adopts a gauche s;

conlornatlon, presumably to 1mprove the packlng and to av01d too close approach

i

-fto the Co atom. The dlhedral angles ’or all the- chalns are llsted in Table VII..
: ] -

iéThe angles for the trans chains are very close to zero show1ng them to be veny
nearly Dlanar. The dlhedral angle for the gauche chaln is 7l 6 ’ 1n comparlson

17

Nlth a mean dlhedral angle of 61 + 3 found by Bartell- and Kohl in an electron

}vdlffractlon studv of free. hydrocarbon chalns 1n the gas nhase, amd . the 1deal value
o

e 6o L ?

" The four C-N bonds are equal to w1th1n the experlrental accuracy anc have an- i;;;:

:ffaverage valne of 1,52 + 0,01 A, The 81x tetrahedral angles at the nltrogen atom

‘:ffo(C N-C) average lO9 5 with a spread of + 3 and are very close to the tetrahedral

P —— S, EEr.

- - e S, [P R ~ '-,' . .

”‘;»angle.

In the butyl chalns, the mean c-C dlstance is 1.515 A. Applying a thermal

1;5?;;4 correctaon, assuming that each carbon atom "rldes" on its neaghbour nearer to the

'-central nltrogen atcm, 1ncreases thlo distance by 0. 010 A. Thls assumptlon 1s '

fﬁf}“qyireasonable as the temperature factors of the carbon atoms increase progres51vely o

J'f-alone each carbon chaln (see Table I) The mean value of the twelve N-C=C and C-C-Cbﬁ*“5

jgangles is llB l » somewhat greater than the tetrahedral angle. The four N~-C=C angles “
l-:‘ all have ‘higher than average velues.-.‘ _ S _ A‘ _ _:_

| | The majorlty of the 36 hydrogen atoms are very sultably placed wlth respect
. '?ifj:to both distance and angle as can be seen from Table IX. The mean C-H bond length
‘ (36 values) is O. 98 ﬁ ‘somewhat smaller than the value of l 09 A usually taken as

l’“ the standard interatomlc separation. Several of the bond angles deviate largely

s
>

B
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_from tetrahedral 'but’the'majority are very close. In particular, except for the

| hydrogen atoms on the termlnal carbon atoms of the four n-butyl chains, all the

hydrooen bond anvles are w1th1n 15 o? the exnected value, con51stent with the

1mated standard dev1at10ns of the hjdrogen atom n051t10ns. It 1s noteworthy that, -

X unexpecteely, all the hydroren atoms except one have calculated temperature factors
- less than those of the carbon atoms with which they are associated.

X—*ay powder diffractlon photogranhs of materlal from the sample studied 1n
'”:thls 1nvestlgatlon and ‘of material used in the e.s.r. experlments (klndly supplled
- by Dr. N.Edelsteln);are consistent but do not agree with the d-spacings reported’
3:by Davison et als- : | _ ‘

“We thank Prof, A He.Maki and. Dr° No Edelsteln for providing us with excellent

crystals of the mater1a1 and for their co~operation in and helpful discussion of

© " the problem,

NP,
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N(2) =0.L6Lh 0,0020 0.2247 0.0007 =0.1113 0.00L0 10.6 0.2 -

T G(6) 0.2939 0.0007 0.3510 :0.0006 =0.0626 0.0008 S.i 0.2

-11l- .+ UCRL-11k97

B S U TABIE I ) ,
FINAL CO-ORDINATES  AND ISOTROPIC' THERMAL PARAMETERS, TOGETHER WITH ./

I <THEIR:STANDARD :DEVIATIONS; FOR ALL ATOMS.EXCEPT HYDRCGEN

Caten x z y 3@ oz 2@ B Z®
Co 0.0 T 0.0 - 00 - 2
5(1)  0.0401 0.0002 0.138L {0.0002 © 0.1L6L 0.0002 &

S(2) =-0.2156 0.0002 0,0303 ;0.0002 =0.1093 0.C002  a

c(1) =-0.116L o.,ooo7'o.1930‘fo,ooos 0.0876 0,0007 1:8 0.1 .
c(2) =0.228L .0.0007 C.1462 0,0006 =0.0215 0:0008 5.1 0.2
c(3) -0.12LL 0.0008 0,288} .0.0007 0.1575 0.,0009 6.2 0.2 -
© C(L) ~0.3583 0.0010 0.1883 .0.0007 =0.0717 0,0010 7.5 0.2
©UN(1) -0.1273 0.0007 0.3663 0.0006 0.2173 0.0008 7.h " 0.2

| N(3) 0.0867 0.,0005 0,2783 0.000L =0.2929 0,0006 L.5 0.1
P c(5) 0.1928 0,0007 0.2589 '0,0005 . -0,1328 0.0007 L7 C.l -

L (7)) 0.3797 0.0008 0,32k2 0.0007 0.1022 0.0009 6,8 0.2

" C(8)  0.L977 0.0010 0.L4OSO0 0.0008 0.1791 0,601 9.3 0.3
©¢(9) =-0.0023 0,0007 0,1739 :0.,0006 =0,3417 -0,0008 5,1 0.2 °
~c(10) -0,1166 0.0008..0,1780':0,0007  =0,5002 0.0009 7.0 0.2
| C(11) =0.2078 - 0.0009 0.0756~ 0,0008 0.L698 0,0010 8.2 0.2
C(12) -0.3249 0.0010 0.0688 0,0008 0,311k 0,001 8.8 .2
C(13) 0.1539 0.0007 -0.3116 0.0005 -0.396h 0,0007 5.1 5.2
C(1h) 0.2348 0.0007 0.2265 0.0006 ~-0,4230 0.0008 5.6 5.2
c(15) 0.322h 0,0008 0.2751 0,0007 =0.500k 0,0009 6.7 <C.2
C(16) 0.LO75 0.0009 0.1951 0.0007 0.L737 0.0010. 7.6 .2
C(17) 0.0004 0.0007 043719 0,0006 =0.2930 0,0008 5.5 .2

© C(18) -0.0670 0.0008 0.3598 0.0006 ~0.18L8 0,0009 66 0.2 ’
| C(29) -0.1712 0,0009 0.LL68 0.0007 -0.2126 0,0010 7.3 0.2, = . .
- C(20) =0.2992 0,0011 0.4290 0.0009 ~0.3553 0.,0012 10.6 .3

v—aTreated aniéotropically - see Table III.
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o + TABLE IIT
FINAL ANISOTROPIC T: RIMAL PARAMETIRS OF THE COBALT
AND THE TWO SULFUR ATOMS.?
Mtom B.. B,, Biy B, B 3,°
SRR S 222 233 =12 =130 =23,
©Co 3.5 5. 3.8 01 Ll 0.0
.*': S(l) LL.? 509‘ ;ho9 Ool »,009.' "7006.' ‘

"*“:.s(e) b1 75 5.5 03 0.9 18

aEstimated standard deviations are all approximately 0.1 2,
In °2 |
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report-
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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