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The Crystal Structure and Hydrogen Bonding of 
, . . 

0 . . 
Magnesium ~ u l f  a t e  Hexahydrate , 

. . 

by Allan Zalkin, Helena h b e n  and David H. Templeton . 
, ' 

.?.'; Lawrence Radiation Laboratory and Departlrent of Chemistry, 
, . *.3,5. " 

University of California, Eerkeley, California, U. S. A. 

Crystcls of NgSOL. 6H20 are  nanoclinic, space group ~ 2 / c ,  

with 8 fornula un i t s  i n  the uni t  c e l l  with dimensions 

a = 10.110, b = 7.212, c = 2L.l;l A; 8 = 98.30'. 

The a to r i c  parameters were refined by l e a s t  squares using 

x-ray counter data f o r  2576 independent ref lect ions.  The . 

pos i t ioss  of the hycirogen atoris found by Least squares 

and by Fourier methods cont'irm the assignment of hydrogen 

bonds.macie previously f o r  the isonorphous CoSOL.6H20. 

Average interatomic distances are: water coordinated t o  
, 

Mg, Yg-G - 2.06 i; hydrogen bonds, 0-0 = 2.82 A; sulfate  

ion, S-0 = 1.473 A (uncorrected), 1.486 1 (corrected f o r  

thernal  motion). 

@ '  * *  
Work done under the auspices of the U. S. ,Atomic Energy Commission. 



Introduction 

. - 
. . 

'The c rys t a l  s t ructure of C O S O ~ . ~ H ~ O  has been described i n  a previous 

I paper ( ~ a l k i n ,  Ruben, and Tenpleton, 1962). Hydrogen bonds were assigned . 

on the bas is  of the posit ions of the heavier atoms, but the x-ray diffractiori  

da ta  did not give d i r ec t  evidence of the  hydrogen atom positions. The 

present paper describes a study of the isomorphous substance MgSOL.6H20 
4 .  

f o r  which we have obtained m r e  accurate d i f f rac t ion  data. These be t t e r  . 

data  permit a more accurate description of the s t ructure and indicate 
. . 

. . 
,. hydrogen atom posi t ions i n  agraement with those deduced i n  the  e a r l i e r  work. 

Crystals of MgS04.6H20 are known i n  nature as the minerd hexahydrite 

(D- andFord, 1948). Other substances which have the same structu& are 

' : MgSe04.6H20, N ~ S O ~ . ~ H ~ O ,  C O S ~ O ~ . ~ H ~ O ,  and Z P S O ~ . ~ H ~ O  ( ~ r o t h ,  1908). 

. , 

. . 
. . .  Experimental 

. . 

. . . . .. . c rys ta l s  of MgSO h' 6~ 2 0 were grown from saturated aqueous solution a t  . . 

. . .  
. :  

. .  SO" - ' 55'~. Once grown and separated from the mother liquor, the  exposed . . 
~. 

..: c rys t a l s  could be kept a t  room temperatures f o r  several months with no 

v i s ib l e  deterioration. A small single c rys t a l  with diameter of the order 
. , 

of . 0.02 . -.0.08 mm was munted on a glass  f i b e r  and .oriented f o r  ro ta t ion  

about it's - b 'axis with the use of a Weissenberg canera. It was then 

I t ransferred t o  a goniostat mounted on a General Elec t r ic  XRD-5 apparatus, 

which was equipped with a molybdenum x-ray tube, a s c i n t i l l a t i o n  counter, 

and a pulse-height discriminator, f o r  fu r the r  alignment and data taking. 

Cel l  dimensions and crys ta l  s e t t ings  were calculated with h ( ~ p )  = 0.70929 A.  
- - 

In t ens i t i e s  were masurea f o r  2,576 ref lec t ions  of which 289 were recorded 
' 
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, , 

a s  zero. A l l  of the reciprocal l a t t i c e  points with posit ive h and k,  

out t o  a limit of sine/?. = 0.705 (28 = 60') were measured. Step scanning 

of the angle 8 was done fo r  selected , ref lect ions t o  ver i fy  the se t t ings  

. , .  O .  . f o r  peak' intensi ty .  For the typica l  ref lect ion,  a single count was made , ' ' 
. . 

. . f o r  a fixed t i m e  of 20 seconds. 

. .  .  he absorption coefficient /L f o r  t h i s  c r y s t a l  with Mo Ka x-rays is . . 

estirrated a s  5.0 cml. The r e s l l t i n g  IR is  l e s s  than 0.02. No correction 
/A 

was made f o r  absorption o r  extinction. 

An accurate t r i a l  structure was provided by the s t ructure of CoSOh.6H20 
. . 

(Zalkin, Huben and Templeton, 1961); corresponding coordinates f o r  atoms other 

than hydrogen d i f f e r  by 0.01 o r  l e s s  i n  the two structures.  Least-squares 

ref inerents  were s ta r ted  using the programs of %sing and k v y  (1959) on 

the  I B M  704 computer. We then used the IBM 709 computer with the programs 

of ~ a n t r e l ;  Sparks, and Trueblood (1961). Each progra! u t i l i z e s  the f u l l  

2 - 
matrix, and each minimizes the function 2 w ( 1 Fo 1 -  IF^ 1 ) / A U ~ F ~  1 2r where w 

is the weighting f a c t o r  and Fo and Fc are  the observed and calculated s t ructure 

factors .  In this calculation,. each independent r e f l ec t ion  was assigned un i t  
++ 

weight. The atomic scat ter ing f ac to r s  used i n  the refinements were Mg 

and neutral  S (~omi ie  and Stam, 1958), neut ra l  0 ( ~ o e r n i  and Ibers, 1954), 

and neutral  H (Ibers,  1961). 

Space Group and Cell  Dimensions 

6 
The space group i s  C ~ / C  (cZh). Reflections are absent with h+k odd, 

. . - . . . . . e. and hb1 ' ref l6ct ions a re  absdnt with 8 odd. The c e l l  dimensions are: 
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. . 

The values i n  parentheses are those reported by Ide (1938 ), changed from kX. 

3 The calculated x-ray density i s  1.723 g/cm . The a:b:c r a t i o s  found i n  this 

and i n  previous work are: 

2 : 1 : 8 ,  P = 98.30' ( t h i s  work), 

The eight  Mg atoms occupy two, s e t s  of posi t ions h(a) and 4(e) (notation 

of International Tables, 1952) : 

The su l fu r  atoms, t e n  s e t s  of oxygen atoms, and twelve s e t s  of hydrogen 

atoms occupy general positions: 

Ref ineriient Procedure 

A t  f i r s t  hydrogen w a s  omitted from the calculations. With isotropic  

2 2 temperature fac tors  of the form exp(- sin 8/X ) f o r  each atom, 

R = I Fo I - 1  Fc I I / ZI Fo 1 was reduced t o  0.120 by three cycles of l e a s t  

squares. After correction of a few blunders i n  the or ig ina l  measurerents, 

a two &re cycles reduced R t o  0,118. 

A three-dimensional Fourier. synthesis with (F,-F,) as  coeff ic ients  

was-calculated t o  seek out  the hydrogen atoms. The resul t ing maps showed 

~ a peak wherever a hydrogen atom was expected, as well  as many others of 



about the same s i ze  which resulted from the anisotropic motion of oxygen 
. , 

atoms. k f i n a l  isotropic  refinement which included the hydrogen atoms . 

but  did not ref ine them resulted i n  R = 0.115. 

2 2 Anisotropic temperature fac tors  of t h e  form exp(-pllh2 -$22k -Bj38 , 

-2P12hk -2P13h& -2823k&) were introduced f o r  Me, S and 0. Three cycles with 
. . 

hydrogen atoms included but not refined gave R 0,056, 

A s e t  of (%-F,) values were calculated with the rzsul t ing parameters 

f o r  Mg, S, and 0, but omitting hydrogen. Another 81difference Fouriern was 

calculated using these numbers a s  coefficients.  The twelve largest  peaks 

i n  this function ( ~ i g .  1 )  wepe near the predicted locations of the twelve 

hydrogen atoms. 

A s  our least-squares programs a t  t h i s  time could not handle a t  one ti= 

a refinement of a l l  the atoms including hydrogen with a l l  the anisotropic 
. . 

thermal pararreters, we ran a se r i e s  of calculations ref ining pa r t s  of the  . 
' 

structure separately. Temperature f ac to r s  were isotropic  f o r  H and anisotropic 

' ' f o r  the 'o the r  atoms. F i r s t  the H atoms were included but not refined, while 

a l l  other parmeters  were refined. Next H atoms were refined with the other 

. atoms fixed. Then Mg atoms were held fixed while a l l  other  atoms were refined", 

. . 
" . i n  this s e r i e s  only the 923 re f lec t ions  with sine/X l e s s  than 0.5 were included. . . 

. - . '  Final ly  the H atoms were fixed and a l l  other  atoms were refined. A l l  this 

. . calculation reduced R t o  0.053 f o r  the 2576 ref lec t ions ,  including those with 

zero intensi ty .  In the f i n a l  cycle no coordinate ~s thermal parameter sh i f ted .  

more than .0.000001. 

. . The resul t ing observed and calculated s t ruc ture  f ac to r s  ,+re shown ' in  

-Table  1. The c o r ~ s p o n d i n g  coordinates a r e  l i s t e d . i n  Table 2 and the thermal 
8 ..... , . . - .. . . - 

parameters i n  Tables 3 and 4. . 

, : , By a special  patch, the program was modified t o  allow simultaneous 



refinement of a l l  159 variable parameters. Two cycles yielded no s ignif icant  

, improverent i n  R nor any substant ial  change i n  coordinates. The r e s u l t s  a re  
. . 

. not reported because parameters were osc i l la t ing;  fur ther  cycles t o  a t t a i n  

convergence ( a t  0.9 hours per cycle with IBM 7090) seemed unjust i f ied.  . 
1 .  

. , 

Standard deviations of coordinates estimated by l e a s t  squares, with . ' . 

neglect of the possible e r r o r  i n  the hydrogen parameters, are  reported i n  

Table 2. The similar estimates o f .  standard deviations of the anisotropic 
, . 

thermal paraneters range from 2 t o  4 percent of the diagonal elements .of . ' . . 
' 

the p matrices. They are  not reported i n  d e t a i l  because the e f f ec t s  of 

systematic e r ro r s  i n  the data  and of coupling with hydrogen parameters a re  

, . , of unknown and possibly considerably la rger  magnitude. 

The standard deviations of hydrogen coordinates correspond t o  about 0.05 A ' 

. . 
when estimated by l e a s t  squares with neglect of e r r o r s  i n  heavy atom parameters. 

, . 
. . 

,; 
The least-squares r e s u l t s  and the Fourier r e s u l t s  (Fig. 1 )  disagree i n  sever+ . 
cases by about 0.1 i. The best evidence of the accuracy of these coordinates 

cones from the 0-H hond distances which are  expected t o  be somewhere i n  the 

range 0.9 t o  1.0 A ,  depending on the  magnitude of the thermal motion effect .  
t .  

We f ind values 0.7 t o  1.1 A f o r  eleven such bonds and 0.5 A f o r  0 ( 7 ) - ~ ( 6 ) .  

This sca t t e r  suggests 0.2 as the standard deviation of posi t ion of hydrogen, 

,. ' including the e f f e c t s  of systematic e r ro r s  i n  the data. 
. . . .  . 

. '  . 
. . . The standard deviations of i so t ropic  thermal paraneters of hydrogen are  

. . . .  estimated by l e a s t  squares t o  range from 0.7 i2 f o r  H(11) t o  1.5 A* f o r  ~ ( 6 ) .  

02 ' The sca t t e r  from the average value of 3.4 A corresponds t o  a = 1.8 12. This 

l a t t e r  value may be a b e t t e r  estimate of the t rue  accuracy, since there is  no 

. , 

obvious reason f o r  the thermal motions of the various hydrogen atoms t o  be 
0 . . . .  . . . . .. . . . . --... 

substant ial ly  different .  
. ., . - . . 



Discussion 

. . The s t ruc ture  of MgSOL.6H20 d i f f e r s  very s l i g h t l y  from t h a t  already 
. . 
. . :: described f o r  CoS04.6H20 ( ~ a l k i n ,  Ruben and Templeton, 1962). . The hydrogen . , . 

"bonds which were assigned i n  the previous study on the bas is  of oxygen 

. , posi t ions a r e  f u l l y  confirmed by the prese'nt r e su l t s ,  . , 

. . 
Table 5 lists some interatomic distances and t h e i r  standard deviations, 

. . 
' w i t h  no correction f o r  thermal motion. The 3-0 bond distances i n  the su l fa te  

: . . 
. . 

. . 
' . ion  average l.lr73 A with an average deviation of 0.007 A. When a l ib ra t iona l  

. .  . 

. .  ' correction is made assuming the oxygen atoms t o  r ide  on the su l fur  atom, the 

average becomes 1.486 with an average deviation of 0.004 a. In the Tutton 

s a l t  ~g ( N H ~ ) ~ ( S O ~ )  2 . 6 ~ 2 ~  Margulis and Templeton (1962) a l so  found l.lr86 : 

f o r  the average S-0 distance when it was corrected i n  the same way. 

The average Mg-0 distance is 2.06 A without correction f o r  thermal motion. 

Magnesium is a lso  i n  water octahedra i n  Mg(NH b 2  ) (SO 4 2 '  ) 6 H  2 0 with average 

Mg-0 a 2.07 and i n  Ce Me ( N O ~ ) ~ ~ . ~ ~ H ~ O  (Templeton, Zalkin and Forrester,  1962) 
2 3 

. . with average Mg-0 = 2.06 a. In a l l  three c rys ta l s  the average Mg-0 distanc.e 

is 2.07 a with thermal correction assuming in-phase motion. . . 

The hydrogen bond 0-0 distances average 2.82 a, but s c a t t e r  over a considerable 

range as is  conmon in complicated hydrate structures.  The accuracy of the 

hydrogen posit ions,  about 0.2 A ,  does not ju s t i fy  tabulation of the many bond 

. distances and angles involving hydrogen atoms. 
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Table 1. Observed and calculated structure factors, each mulGiplied 
. . 

by 10. 
.. . . . . . 

. . 
. . .  . , .  

. . 

'(table t o  be reproduced pho'bgraphicahly i n  two parts) 
. .  . 

. . . . .I .. . . . . . ,  . , . * . I  

. . 
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. . ( H(10) .0.820' . .0.733 . . 0.275 . . ,  
. . . .  .' , ' 1 . . . . . . . .  { ~(11) ' . . .' . . : .  'Water (10) 0.849 . 0,831 0.164 . . . . .  . . : . . . . 

. . . . . . .  * .  . . . . . _._ . . .  ( ~ ( 1 2 )  0.847 ' , 0.033 0.161r 
. . . . .  

. . .  : ;  ~ s t i d t e d  standard deviations are: for  Mg(2), ~ ( y )  a 0.0002; ' , 

. . .  
. . . . .  . , 

... 
' 

for"S, U(X) = 0.00006, ~ ( y )  ='0.00008, O(Z) a 0.00002; f o r  . . . . '  
. . : ow~!en , . u (x j  = 0.0002, O(Y) ='0.0003, .O.OOO~. 



4 Table '3. Anisotropic thermal parameters (each multiplied by 10 ) 

and root mean square amplitudes of vibration i n  MgSO 6H 0. 4 2  

Atom 

o(6) ' 87 175 19.0 . -51 -15 26 0.23 

O(7) 54 2 16 16.7 7 3 -21 0.21 

. 0(8> 6? 94 . 12.6 -2 6 - 7 0.18 

0 ( 9 )  61 113 16.0 - 5 5 12 0.19 

o(10) 103 103 10.7 - 8 -8 2 3.20 

a ~ e r o  because of 2-fold axis. 

Table 4. Isotropic thermal paraneters f o r  H i n  MgSO 6H 0. 4' 2 

Atom B, i2 Atom B, . Atom B , ? i 2  
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Table 5. Interatomic dis tances  and standard deviat ions  i n  MgSO 6~ 0. 4" 2 

Atoms Distance u 

Water octahedron about ~g (1) 

Water octahedron about M~ (2 ) 



Table 5 (cont . ) 

Sulfate ion 

. S - o(1) 1.476 0.002 

- 0(2) 1,460 0.003 

Hydrogen ' bonds 

UCRL- 10832 



.. . . 
I 

, . -. -- 
\ . . , , '  ... ! .  ' . .  , . . . . . . 

. - 
. I . , . . . ' .  - . .  . . ' -16.. ,: 

. . .  . . . -.- .-- . . .  
..UCRL-10832 . * . , 

. . .  . a  

. . . . . . .  . . . , 
. . . . . . .  . . ,  . . . ' ,  . , . % , . .  

, . I .  ' .  
. . .  . . . . . . . . .  

, .  , .. , . . , .. ' 

. . . . . . ' .  I.., . , . : 
. . . .  . . 

. . 
. . . .  . . . . . . . ,  . . . .  . .  , .  . . . . 

. . . . .  . . . . 
. . .  (Figure caption) .' . . % . . .  

. . . . . . . . .  . . . . . . . .  . . . . . . .  . . . . ' I 
' : . . . . . .  8 .  ', 

. . . . -  . i 

. . . . . . . .  : , . . 
. . 

. ., . . . .  . i 
. . . . 

. . . .  . . . . . .  . . .: . Fig. . : 1. ~ i e c t r o n  dens i ty  sect ions  through hydrogen atoms, with o t h e r  :,. .: . . . ,  .; . . . + .  . . . . . .  . . .  . . . . . . . .  . . , 1 . _  
. .  , . ' . .  ". . ' 1  . ' . - . . . . . . . . - +toms subtracted out. Contour i n t e rva l  approx. 0.1 e/k3; zero , . . . .  . , -  

. . . I . .  . . 
. . . ': . . : i  . . . .  . . . . . . . , .  .: . . .  . . . .  . .  

' . . % . ' .  . . .  . .and negative contours omitted. Grid l i n e s  and contours were re- . . . . 
I . . . . .  . . . . . .  . . .  ' . . : , . .: , . . . .  . , .  . . :. . - .  

. , 
. '  . 

, . . . . . . . . . . . . . .  . . ~. . . .  . . . .  . produced '.photographically from cathode r a y  tube of computer. , . ' . . . . .  . . . .  
. . , . . . . . . . . . . . . .  . . .  . . .  . . . .  . . . .  . . .  . . .  

, . . ,  
. . ) . . '  . . .  

. . j . ( . .  
. . . . . . . . . . . .  :. I .  , . . . ' . .  . . . . . .  . . . . .  ' . ,  . . . .  . ,: ,. . . .  : _ '  . . . . . .  , .- . . , : . . . 

, . . . . . . . . . . .  . . . . 
..: 

! . . .  . .  . . . . . . . .  - . .  . . .  . - . , . .  .. . . . .  . . . . .  . . . .  . ' 

. . . .  . . . . . . . .  . . . . . . 
. . . . . . . . .  . . : 'I . . '  ' . . . , . - .  " ".. . . .  . ., . . .I.. 

. , - .  : . . . . . .  , .  . . . . . . .  : . .  ... . . ... . . .  . . , . . L . . . . . . .  '-, . : . . . . .  . , . . . . . . .  . . .  . . .  . . . .  . . . . . . .  . . . . .  ,_  . . . .  . . , . . . . . .  
i _ .  " 1  . , . . . .  . . .  , . .  

. . 
. . . . . . .  . .~ . . . . . . . . . . . .  . . .  .' 

, , . . 
. . . .  

, .  . . .  . . . . . . . . . . .  . . . . 
* .  . - ....... . . . .  , . . , . . . . .  ._ . . . . .  . . . .  . . . .  , 3 . . .  . . I . . "  -a ( , . . . . 

. . . . .  . . . .  . . . . .  . . . . .  * ' . .  . :  .. 
! '  , . . . . . .  . . .  . . .. ., . . . .  . . .  . . . .  . . .  
. . ,  . 

, . . . . . . . . . . . .  . . .  . . , .  . ! . . . . . 
t i  . '  ., , . , .  . . , . .' 

. . . .  :. . . . . . .  . ,  . 
. . (  . 

. . 
. . .  

( _ .  . . .. , . . . . . . .  . . . .  . . . . 
. . . .  

" '  . . .  . . .  . . . . . .  
. . 

. . .  . . 
5 , . -  . . , . . . . . . . . . . .  . . . . 

' . . . . 
, _ '  . , . . . . . . . .  ' 

, . b .  

, . . . '  . . .  . . 
. . . . . .  

. . , . . , .' : r . . . . . . .  . . _  . .  . . . . . . . .  . .  - .  . ,..; ' > : . . . :  . .  ..: :. . . . . . .  , . .  . z 
. . . .  ; . . . : . . . . . .  , . : L '  . ? .  . . . .  . '  . , . *, ' 

, . ' .  . .  . . . . . .  . . , I , .  . $ .  

. . . . . . .  . . ' .  
. . . . . . .  . . . . . . .  . . . . .  . . ; . . .  . . . .  , . . . . .  . . .  . . . . . .  . . . . .  . . 

, , .  , . 9. . . . . . . ,  . . . . . . .  , . . . . . . . . . .  . * .  . . . . . . . . . . .  .. , . . . . . . . . . .  . ~ . . . . . .  . , , 
# ?  . . ,  . . : . .  . . . . . ' ,  . . , .  . . . . . . . . . .  . . ' . . I  . . 

. . .  . % ,  '. _ . . . . . . . .  . . . . 
. . . . .  . . .  . . . , . . . .  , " , , '. , .  . . , 

. . 
. . , . .  . . . . . . .  . ' s ' , .  . . . .  , . . 

. . .  b . _ . . : . .  . . .  . . .  . . . $ 

, + . . . . . . .  , ' . '  
1' 1 . . . . . .  . . . .  . . . . 

. . . .  ' . . . . . . . . .  . . . . ., - . ,  :. i . ;  . . '  : ( .  . ,~ .. ' *  . . 
~. : . .  , . .  . . 

1 .  ' .  . . .  . . . . . . :  - -  . " .  ..: , . . 
. . . .  : . ,  . . . .  . . . . 

" . . . .  . . . . . . .  , .  . . . . .  . . . . . . . . .  ' .. 
I . .  . 

' .  . < . . . .  ..". . . . . . , .  , . .  . . . . 
. . . . . . .  . ,  .. . . . . .  . "  . . . . .  . , .  . , I . . '  . : % + . . ; ,  .,- , , .  . . . . . , .  

, . . . . . .  , 6 '  . , . . 
. . . . .  . . .  . . . .  . . . .  .:' : .. . . .  ( '  :. \ . . , .  

' .,. I . .: . . s .  
I . , .  

. . .  . ' . . . . 
. .  

. . 
. . . . . .  . . 

2 .  . , 
. .  , . . . , . . , . ' . '. , " 
. .  ( . 

. . . . . . .  . . _ .  _ . , , . .  . . . . . .  . . .  # .  . . . . .  . , . . .  . . . . . . .  . . . . . .  . . . . . . :. . . : :  .: . , ' . . . 
. .  , . !  . . . .  . : . 

' .. , i 
. . . , . . .  . . . . . . . .  ' . _ . '  ' . . . . . . . . . .  4 :  . . . . 

. . . .  . . . . . ' . .  . .  , ' . . ' _ _  . . . . .  . : . .  . . . . . .  . . .  
. . 

. . , . . . 
: . .:. . . 
. . . . . . . . . .  

, . , . . . . . . . .  . . . . ... . . . . . . , .  . . . . , 
,. , 

, . . . . . .  . . 
. . 

. . 
,. . . . . . . . . . . . .  . . . . . 

. . 
' , ' .  , . . . ( .  . . . .  . . .  . . , . . . .  . , . . . . . .  
. . ' , a  . .  ... . . . *.. . . . . .  . .  , ;;, - - 

. . , ? . . . 
. . .  . . . . . .  ' , .  I .  

1 ' . . . . .  . . 
I . '  . ' .  . . :e.:.:,,... . . . . . . .  . ;:' . .  

' . 
, . 

-.", . . . . 
. . '  

. . .  . , 
I . .  

. . , . . ~. 
. . f-' : 





T h i s  r e p o r t  was p r e p a r e d  a s  an  a c c o u n t  o f  Government 
s p o n s o r e d  work.  N e i t h e r  t h e  U n i t e d  S t a t e s ,  n o r  t h e  Com- 
m i s s i o n ,  n o r  any  p e r s o n  a c t i n g  on b e h a l f  o f  t h e  Commission: 

A .  Makes any  w a r r a n t y  o r  r e p r e s e n t a t i o n ,  e x p r e s s e d  o r  
i m p l i e d ,  w i t h  r e s p e c t  t o  t h e  a c c u r a c y ,  c o m p l e t e n e s s ,  
o r  u s e f u l n e s s  o f  t h e  i n f o r m a t i o n  c o n t a i n e d  i n  t h i s  
r e p o r t ,  o r  t h a t  t h e  u s e  o f  any i n f o r m a t i o n ,  appa -  
r a t u s ,  method,  o r  p r o c e s s  d ' i s c l o s e d  i n  t h i s  r e p o r t  
may n o t  i n f r i n g e  p r i v a t e l y  owned r i g h t s ;  o r  

B. Assumes any l i a b i l i t i e s  w i t h  r e s p e c t  t o  t h e  u s e  o f ,  
o r  f o r  damages r e s u l t i n g  from t h e  u s e  o f  any i n f o r -  
m a t i o n ,  a p p a r a t u s ,  method,  o r  p r o c e s s  d i s c l o s e d  i n  
t h i s  r e p o r t .  . 

A s  u s e d  i n  t h e  above ,  " p e r s o n  a c t i n g  on b e h a l f  o f  t h e  
Commission'' i n c l u d e s  any employee o r  c o n t r a c t o r  o f  t h e  Com- 
m i s s i o n ,  o r  employee o f  s u c h  c o n t r a c t o r ,  t o  t h e  e x t e n t  t h a t  
s u c h  employee o r  c o n t r a c t o r  o f  t h e  Commission,  o r  employee 
o f  such  c o n t r a c t o r  p r e p a r e s ,  d i s s e m i n a t e s ,  o r  p r o v i d e s  a c c e s s  
t o ,  any i n f o r m a t i o n  p u r s u a n t  t o  h i s  employment o r  c o n t r a c t  
w i t h  t h e  Commission,  o r  h i s  employment w i t h  s u c h  c o n t r a c t o r .  




