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The cry~;tal structure of betaine hydrochloride, ( (CH3)3NCH2COOH]+ 

Cl-, has b3en rcdeterrilined bY x-ray diffraction from the intensities 

of ?82 independent reflections collected on a scanning counter 

diffractometer. The crystals are monoclinic, space group P2
1
/c, 

with cell para.i11eters a = ? .428 !, b = 9.108 A., c = th550 l,. and 

~ = 96.71°. The positions of the hydrogen atoms have been found, 

and the conventional R value has been reduced to 0.026. Final 

atomic positions differ from those of Clastre by as much as o.r6 A• 
The mean C-N bond length is 1.499 ± 0.004A. (uncorrected for thermal 

motion). TI1e cation assumes a completely staggered conform~tion with 

the acidic .. hydrogen atom as far away as possible from the nitrogen 

atom. The hydrogen b:mding from the carboxyl group to the chlorid,e . 

ion is relatively strong compared to the hydrogen bonding in 

choline chloride. 
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The structures of choline [ (CH
3

)
3

NCH
2

CH
2

0II]+ x- and betalne 

[(CH
3
)

3
NCH

2
COOH]+ x- compounds are of interest bec~une of bo·th. 

the unusual radiation sensi ti vi ty of choline chloride ( ~'ol bert, 

Ada.m.'l, Bennett, Hughes, Kirk, Lc1r.:non, Noller, Ostwald; Eiid Calvin, 

1953) and the frequent occurence of these compounds in biological 

systems. They are compphents of complex lipids, and they can net 

as tra.nsmsthyla.ting agents. lhe relatc.>d. acetylcholine is essential 

to nerve impulse transfer. 

Related structures which have been determined previously 

include choline chloride (Sel)kO and Templeton, 1960), muscarine 

iodide (Jellinek, 1957) and ac.:Jtylcholine bromide (Canepa, Pauling 
,. 

and S~rum, 1966). C].astre (196ft) has pnblh:hed a prelinLinary 

structU!"e report for betaine hydrochloride, in \>rhich he refined the 

R value for two of the two-dirJensional projections dovm to 0.18. 

Bond distances which we calculated from his published _ato~ic 

coordinates implied that the C-N bond lengths ranged from 1.l,.9 to· 

· . 1 ~63 A in length. We undertook this structure investigation to 

provide an accurate structure, to locate the positions of the 

hydrogen atol1ll3, and to investigate the packing • 
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Small colorless crystals of betaine hydrochloride \>:ere kindly 

supplied to us by Dr. R. M. Lemmon. These \.,rere then recrystallized 

inthe form of colorless needles by the evaporation of a water-

methanol solption to dryness at room tentperature. The uni t-ce11 

dimensions were obtained from careful measurenents of the Bragg 

scattering aneles for the gOO, 01£0, and 00~ reflections, as measured 

on a manually operated General Electric XRD-5 diffractometer. The 
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alpha doublet (A = 1. 5405 A_' for CuKa
1

) was resolved for those reflections 

of hiehest order. The crystal used for both the determination of 

cell dimensions and the collection of data Has mounted on 'the 

crystallographic Q axis, and the r angle WCS obtained directly from 

the angle on the cp circle between the hOO and the 00~ reflections. 

. . 0 
The unit· cell parameters (at 23 ) are shO\m in Table 1". The absence 

of reflections h,O~ with.{ odd and O,kO with k odd indicate the 

space group P2
1
/c. The crystal, which Has mounted on the needle 

axis, measured 0.09 X 0.09 X 0.1~3 mm. The four most pror;unent faces 

were the (100), (001), (loo) and (oo1). The observed density of 

1. 314 ± • 005 g cm-3 , "VThich was determined by f1ota tion in a chloi·oforin

ethylene dichloride mixture, agrees "Vrell with the value L'313 g· CIT1-3 

calculated for a molecular weight of 153.5, for Z = 4, and for a 

o3 
unit cell voJ.ume of 776 A • 

Integrate~ intensities were measured vi th a card controlled, . 

automated General Electric XRD-5 diffractometer. The copper 

radiation was filtered by a 0.001 inch thick nickel foil placed 

• 

• 
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between tho crystal and the receiving sli t 9 and a 8-28 scan \>las· 

employed. T'ne intendtic:s were measured for all reflections J.y:tng 

within he.lf a sphere in reciprocal space corrEspondjng to d-spacings 

~ 1.006 f. (29 ~ 100° ). The i.ntEmsities of equi~a.lent reflection~~ 

wore averaged to give 794 independent reflections of which 782 

were above background. The 32 largest intend tier, vere remea::;m•ecl 

5 

at lower x-ray flux to avoid flooding of the countE,r. Cryst~'l decny; 

monitored by 2/+- periodic measutemc.:nts of six standard reflections 9 

was less than 5%. 'The calculated linear absorption coefficifmt 1-l. 

is:,; 39 cm··1 (for CuKa). 'I'he data. are uncorrected for absorption effects, 

'\oThich may vary by a factor of' the order of 1.15 for the extreme c~sos. 

Net intensj ties I and their ste.ndard de via tionr, c(I) lo:E:l'c calculated 
expressions · 2 

from the:·~: I= I - (t1/2tB) (B
1 

+ B2 ) and a (I)= I + · gross _ grosn 
2 . 

(t1/2tB) (B
1 

+ B
2
), '~>!here B

1 
ar.d B

2 
are the munber of count8 for 

each backeround reading and t 1 and tB are the times spont ~c~ant.ing 
counting 

the peak and1,the oockground. For n measurcr::ents of the intensity 

of' a particular reflection (n was always ~ 2), the intsn.siti.es 

were averaged and cr(I), the sta.ndat·d devia ticn of the mean, was 

calculated from a
1

(I) equal to the larger c,f [.Z(I1-:[) 2]~/(n~1) and 

. 2, ·. ) AI . 2 (- 2 ) 2 [ .Zo•'"'±i ] 2 n by using the rela tl.onship o I) = a1 (I + (pi) , where 

p, a constant, was ·set equal to 0.04 to reduce the weiehts of the 

most inten~e reflections. 

The full Irl3.t.rix le~st squares prograr:1. usE-d \laS our local 

unpublished version for the CDC 6600 cor:,puter. The atomic scattering 
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factors used during this analysis \-rere those given by CroYJer and lO:ann 

( 1968) for the Cl-, Cl, 0, N and C a tor.1s and those of Stmwrt, 

Davidso:r; and Simpson (1965) for the hydrogen atoms. The·scattering 

·+ - . 
factor for the N atom was calculated from the scattering f<<.ctor of 

N+3 ·(Hurst and t>iatson; 1959) by using the relationship f(N+) = 
[2f(N)' + f(N+3)]/3. For the chlorine atom the anornalous dispersion 

corrections of Cromer (1965) were used. The function minimized in 

the least--squares refinements was R2 
2= /,li (j F 

0 
1-1 F.'c I ) 2 /2::yr I 1''

0 
12 • In 

the early stages of refinement, the ueights ~· \Wre [set eqm.l to 1.0, 

but in the later stages they \-lere set to 0 \-rhen I -- 0 and to 1/i(r) .· 

otherwise; o(F) •:as calculated from o(f) 

Johnson's ORTEP pr~gram (1965) uas used for the stereoscopic 

pictures and as an aid in the thermal analysis. 

i ,, '.) 

f ~l 
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Structure Determ:i.nntion and Refinernent 
#'Wio.',.,.-..JO••r..t'•'r~•t"Vh' r._·.,.v~.,,. ... , . ..,,;.;/ii<>J,..,., .... ~~-•.,.·· ~...._. ,_,~.l'ol',._,.._..,..~-,._.,. . . 

Becaut:e at the time 'He were not mmre of ClD.stre 's report ( 19C~.), 

tho otructu:r-e \-ras solved independently·. The chlorine-chlorine 

vectors \-rcre evident in a Patterson map,· but thej r interpretation 

was runbigu.oun. The l: coordinate of chlorine is near ~; therefore, 

the inversion vector (2c;,2y,2&) nnd the screw axis vector 

(~,~,2(&+%)) both appenr in the lLJ.rkor section at l: = -~. The 

runbigui ty er.caped notice, and by bad luck the \-Trong choice was 

made. As a· result, the chlorine e. coordinate· was assigned a value 

wh:tch was r less than the correct once A: }t'otu·ier map phased by this 

chJ.orino atmn indicated 'eight other atoms. 'Tiwso nine atoms,_ f:omc 

of which \.rere later noticed to 1:>0 at unaccept.n.ble boml dif>ix·:mco:;, 

gave R = Z \IF' I-IF 11/Z IF I = 0.,33 for all tho data but R == O.C9 for 
0 c .. 0 

reflections with both 1s an:d &: even. This result suggcst8d errors of 

-~in son.e z or ~ coordinates. Addition of fi to the :f. coordinates of 

three· atoms gave more reasonable bond distances r.:.nd decrew:;(:d R to 

0.31 ,but calcuJ.ation of interator.'lic dista.ncen shoved that molecules 

related by the inversion center WiJre too close together, with 

some atoms less than 2 '}.._ apart. Therefore, the 'entire molec1ue 

was moved one-fourth of the unit cell in the£ direction, at which 

point R dropped to 0.10 .. 

After the thermal motion of the chlorine atom was approxir21ted 

by an elH}"')soidal ani~otropic model, a Fourier differenc(~ m:tp 

revealed the poal tions of the twelve hydrogen a tmns among the 

highest seventeen peaks.. The hydrogen atoms were given indivlduul 



i::;otropic tcntperuture fnctors and all other atoms were g1ven 

anisotropic temperature factors. The R value droppd to 0.027. 

The values o:f IF 
0 

1/1 F c I for the re:flections of h."i.ghest intensity 

were all lesn than 1.0. Therefore, 
I 

an extinction correC-tion o:f 

the form F 
0 

= F 
0 

( 1 ~ 0 + cl) , whore c = 2 X 10-S , was 

applied to g5.ve a J:1.:l.Ximum correction· of 5% for tho strongest 

reflectlon, and R dropped to 0.026. 

Up to this point, the atomic scattering fnctors of Cl- ~mel 

neutral N had been used. Two other possibilities \lore tried. The 

first, with N+ and Cl-, eave an R -v'Clluo of 0.0321 and tho second, 

witbboth Nand Cl neutral, gaYe an R valve of 0.027; the laTgest 

shifts in tho atomic positions and bond distances were aJ~ lcs~; 

than one third of the respective standard deviations. All further 

. discussion llill be for N neutral and Cl- atoms. The final weighted 

R2 value WaB 0.034 and the standard deviation of an observation of 

unit weight wao 1.33. The largest shift of any parameter in the 

final.least squares refinel!lent was less than ono per cent of itfl 

standard deviation. There was no systcrna tic trend in I 1<'
0 
I/ IF 

0 
I as 

a function of either 28 or the intensity. The highest peak on the 

final difference calculation was Oo11 electrons A-3• 

B 

• 

• 
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Results and Discusf;ion ------- --- -~--------

A stereoscopic vie'vr. of one molecule, '"hich shOiJS the numbering 

scheme of the atoms, is presented in Figure 1. The observed 

structure factor amplitudes IF
0

I as well as the final calculated 

structure factors IFcl are listed in Table 2. The final positional 

and thermal parameters for the hydrogen atoms are given in Table 3 

while those for the. non-hydrogen atoms are given in Table /+• 

The atomic positions fou.11d in this investieation differed 

from those of Cle.stre (1961,.) by as JJ.ttle'.,as 0.02 A for the chJ.orinc 

atom to as;much as 0.16 A for ato:n C(2). Tho mec:m difference vras 

0.07 A, \·Thicll is more thar, hrenty times the estiirL-1.t8li. standard 

deviations in this investigation. Clastre made no statement 

concerning tho precision of his results. 

Selected intramolecular distancer_; and angles are listed in 

Tables 5 and 6, respectively. Because of thermal motion, the 

observed bond dist;'3nces tend to be less than the time-average 

distances between atoms. Our ignorance of the phase relations 

of thermal motion prevents an unambiguous correction for this 

effect, but some estimates have been made on the basis of a riding 

model.· For bonds N-C(1), N-C(3), C(5)-0(1), and C(5)-0(2), for 

which this model seems reasonably conshtent with the observed 

9 

thermal paraneters, the corrections fall in the range 0.0.10 to 0.018 A.. 

The orientations of the methyl and methylene groups are very 

nearly stagr,ercd aroun~ each of the fou.i' C-N bonds, the departures 



from ar1 entirely staggered co~formation being only 9./+
0 

for N-C{1), 

1"'"3° for N-C(2), 1.6° for N-C(3), and 1.9° for N-C(4). ,The pla.nc 

of . the car boxy 1 group, is at an a'1z·le of 6. 7° to that of a tons N, 

10 

C(4), and C(5). The result is that t1-e entire cation confor-ms Hithin 

about 0.1 A to the syTumetry of a non-crystallographic mirror plane. · 

The mirror plane passes VTouzh (or near) atoms H(12), 0(1), 0(2), 

C(5), C(4), N,· C(3), and H(7) and relates H(8) to H(9), H(10) to H(1l)~ 

and the methyl groups C( 1) to C(2). The carboxyl group j_s plan::1r 

within experimental error. 

The carboxyl group is b.Jisted around bond C(/,)-C(5) in such a 

way that atom 0(2) is almost as close to and 0(1) as far from.the 

nitrogen atom in the same molecule as is possible. This results in 

an extended shape for the rnolecule in which the cHrboxyl hydroecn 

a toT.l is rer.1ote from the positively charged arn!Tlonium gr_oup and thus 

can easily hydrogen bond to the chloride ion. The 0-H' .;Cl angle 

. is 168 ± 2°, and the O··•Cl distance of 2.955 ± .002 A is much 

shorter than, for example, the 0• • • Cl distance of 3.03 ± .02 A_. 

distance in chc;>line chloride (Senko and Templeton, 1960). 
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~be r;iolecular packing is sho\-m in Figu.re 2, and the cloJsst 

intermoleculn.r approaches arc listed in Table 7. For the bor:ded 

hydrogen atmr.s of this molecule, the center of r,ravi ty of the 

electron dist:ribation as determined by x-ray diffraction is somm,1hat 

removed from the equilibrium nuclear position.. 'Ihcrofore, tho 

intramolecular C-H and ~H distances listed in Table 5 arc 

systematically shorter and tho interir:olecular packing distances in 

Table 7 involv.ing hydroe~n aton3 are systematically longer by 

approximately 0.1 A than the equilibrium internuclear separc:ition 

as would be determined by neutron diffraction, for example. 

T'nis wo:,;·k has been performed under the c.n:'>piccs of the u.s. 

Atomic Energy Conunission. \:Te thank Dr. R.H. Lom.mon for supplying 

us with his cry;1tals and Prof. He Calvin for the support of 

part .of this work. 
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Table 1. !Jnit CE?J-1. ~r£-Jr@tP.J.:§. 

't 

This \-lork Clastre 

7.428 ± .002 0 7.45 ± .02 0 

!!. A A '~· 

h 9.103 ± .005 9.15 ± .02 

.Q. 11 e550 ± .003 11.65 ± .02 
'' 

~ 96o71 ± .03 97.0 

• I ' 

.-
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Tablo 3e F1n:1l f: .. tQJflJ:S. m.~tL9.D.?J .. CQ,.Ql'tE.~!&f:.- ~!1.1. }1'£?:1Jl~l f.:ct~0.:::J:·0q:i 

~ro r;.1JJq!'id e. 

The numbsrs in parenthesis here and in succeedlng tables are the 

standard deYiations of tht;l least significant digi t(s). The 

thermal parameters are in units of square Angstror.1s. The 

t~mperature factor has the form: T ~ exp[;;,.B(sine/~) 2 ] 

A:t.9...Ia :~ :2: e ~ 

H(1) • 7362(26) .151..2 (25) .7369(18) 4 .. 6(5) 

H(2) .8486(29) .2080(21) .• 6/.21 ( 16) 3.3(/+) 

H(3) .6466(32) .2250(20) .6230(20) 4.1(5) 

H(4) .8855(26) .3019(21+) .• 8857 ( 17) . 4.0(4) 

H(5) 1.0216(28) .3508(20) .7967(M.) . 3 .. 7(4) 

H(6) .9188(27) .4.692{25) .8622(16) 4 .. 4(5) 

H{7) .9151(28) .451.:.9(20) .6139( 15) 3 .. 9(4) 

H(8) .8157{26) .5774(27) .6754(16) 4.5(5) 

H(9) .7100(30) .4784(24) .5804(13) 4 .. 8 (5) 

H(10) .6136(25) .5103(22) .8037 ( 16) 3.7(1.) 

H( 11) .5008(23) ·4191 (17) .7108(15) 2.7(4) 

H(12) .3407(2?) .3387(25) .9524(18) 4.3(5) 

!_. 

.. 

..., 



-~ ·-

·= 
~' :6 

Table 4. E;f .. n..t:U: A.~ fr_r.ct;lor,,_,~ ~,.?-_~.&,. ~ T"J19~'.T'ibl ~&,tern vi..tJl Th.sir St~.ndard 

T'l<''!!'; nt.~ 1'\l")CO . .p,....,.. CJ. :c ... ~·'. tt..nr'! 0 A ton-~ in 'O.P4 .n-i "'e 'l-'--1.,..ocl--,lo-i ~e 
~-.::~ ~:~ ~' _, .. ::.:.., --:...:;:.··- ...:---..-:..:~~ ~ ~~:.:~--.,.~- ~---:..~-...----:-J;~-..,;.· 

T"ne t':1ermal po.ra...>neters are in unfts of square Angstroms. Tne temperature factor ha.s the fcrm: 

T ='exp[-~ZZBijhihj/(b1bj)J, where hi is the ith Y~ller index, bi is the ith reciprocal 

axis length, a....'"ld i and j are cyclcl 11 th::.-ough 3;. 

A to~ ~ z e ... ~1 ~2 ~33 ~2 ~3 ~3 

Cl .• 21472(6) .24207(5) 1o09234(4) 3.3l~o(3) 4.38(3) 3.59(3) -.30(2) 1.17{2) -.23(2) 

0(1) .. 37681(18) .39010(16) • 90178 (12) . 3.60(7) 4.38{7) 3.99(7) .52(6) 1.64(5) .67(6) 

0(2) .58012(19) .21083(15) .89939(12) 4.37(7) 3 .. 71(7) 3.95(7) • 59(6) 1.25(5) .96(5) . 

N • 76178(16) .37283(14) .73148(11) 2.50(6) 2.77(8) 2.77(6) .• 03(5) .40(5) .17(5) 

C(1) .74561(36) .22378(24) .67674(23) 3.48(11). 3.77(11) 3.56(11) -.04(8) .85(11) -.70(9) 

C(2) .91492(28) .37401(28) .82812(20) 2.51(9) 4.45(12) 4.18(11) .16 ( 9) -. 06 ( 8) - ·41~- ( 1 0) 

C(3) .80332(35) ·48153(27) .('4025(22) . 3.8/~(11) 4.11(12) 4·74(12) .05(9) 1.65 ( 10) .91 (10) 

C(4)':~. .58779(24) .42035(22) .77360(16) 2.45(8) 3 .. 09(9) 3.13(9) .09(7) .31(7) - .. 09{8) 

C(5) .51843(24) .32588(23) .86515 (14) 2.63(9) 3e45(10) 2.65(9) -.13(8) .26(7) -.30(7) 

1-' 
Vl 



16 

Standard deviations have been estimated by the method of least 

squares and are indicatod in parenthesis. 

·fl.toms pj.st@p_~ lli.mt~ Dishn:cc 

N-C(1) 1.496(3) C(3)-H(7) 0.95(2) 
N-C(2) 1.498(3) C(3)-H(8) 0.96(2) . 
N-C(3) 1.504(3) C(3)-H(9) 0.92(2) 
N-C(4) 1.497(2) C(4)-H ( 10) 0.90(2) 
C(4)-C(5) 1.500(3) C(/+)-H(11) 0.91(2) 
C(5)..,0(1) 1.316(2) 0(1 )-H( 12) .0.82(2) 
C(5)-0(2) 1.193(2) H( 12) • • Cl 2.15(2) 
C(1)-H(1) 0.95(2) o(1) • ·c1 2.955(2) 
C(1}-H(2) 0.92(2) o(2) • ·n 2.893(2) 
C(1)-H(3) ·. 0.91 (2) 0(2)••c(1) ~·979(3) 

C(2) .. H(4) . 0.93(2) 0(2)••c(2) 3.090(3) .. · 
C(2)-H(5) 0.93(2) 0(2)""H(1) 2.33(2) 
C(2)..:H(6) 0.95(2) 0(2) • "H(4) 2.44(2) 



• 

~ Aif>..-."lls . , , - .A.U£.<1.£2. 

C(1)-N-C(2) 109.75(16) 

C(1)-N-C(3) 108.31(16) 

C(1 )-N-C(/._) 111.70(15) 

C(2)-N-C(3) 108.50(15) 

C(2)-N-C(4) 111 ~/} ·t( 1/l-) 

C(3)-N--C(4) 107.04(15) 

N...C(4)-C(5) . 116.35(15) 

C(!;.)-C(5)-0(1) 108. 96( 17) 

C(/~)-C(5 )-0(2) 125.97(17) 

0(1)-C(5)-0(2) 125.07(17) 

C(5)-0(1)-H(12) 108.4(15) 

0(1 )-H(12)• ·c1 168.4(21) 

. .~· 
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Table 7. §.hP.J:.t.so.R.i In tm;::D.:2,l.e..~Y..l!!.r. D :t.r~ tr..n ~ (j n .0 fs.t. . .9~:YF,;lf~}_n, f~f 

Bebine !f..J!.Q.r..Q.g_J:tloris!Q 

The equivalentposition numbers are 1 for x,y,z; 2 for x,~-y,?~+z; 

3 for -x,:...y,-z; and 4 fo:- -x,~y,?-z• 
~ 

'o.· 

Por411D.n J.hunbc£. At9.m 2: Trg.nslnt_io;1s t.JJ. 
AtQn 1 M.Q,g2 Distance of Atom 2 ~ X e. 
Cl H(10) '2.79(2) 3 1 l 2 

H(11) 2.80(2) 2 0 0 0 

H(2) 2.88(2) 2 -1 0 0-.. 

H(6) 2.88(2) 3. 1 1 2 
JI(7) 2.89(2) 2 -1 0 0 
H(5) · . 3.02(2) 2 -1 0 0 
H(8) 3o18(2) 3 1 1 2 
H(3) 3.20(2) 2 0 0 0 
H(9) 3.21 (2) I+ 1 :_1-~ 1 
H(l.) 3.26(2) 1 -1 0 0 
H(8) 3.42 (2) 4 1 -1 1 

C(1) 0(1) 3.270(3) 4 1 -1 1 
0(2) 3.34,8(3) 2 0 0 -1'. 

C(2) 0(1) 3.440(3) 1 1 0 0 

C(4) 0(2) 3.459(3) 4 1 0 1 
,. 

0(1) 0(1) 3.396(3) 3 1 1. 2 

...., 
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• 

Figure 1. Stereos.copic vie-vi of one molecule of betaine h;ydroehloricle • 

... , 
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Figure 2. Stereoscopic view of one unit cell of betaine hydrochloride. 

;, __ ., 
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LEGAL NOTICE 

This report was prepared as an account of Government sponsored work. 
Neither the United States, nor the Commission, 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 informa
tion contained in this report, or that the use of any information, 
apparatus, method, or process disclosed in this report may not in
fringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, or for damages 
resulting from the use of any information, 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 Commission, or employee of 
such contractor, to the extent that such employee or contractor of the 
Commission, or employee of such contractor prepares, disseminates, or pro
vides access to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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