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: ABSTRACT 

, " i 
Differential  t he rma l  a n a l y s i s . ' ( ~ ~ A )  'curves-wer.e .obtained fo r  a l l  r a r e  

ear th .  ethyl sulfa tes  i n . a  stationary.air.atmosphere-at an,upheat  r a t e  .of about 

10°C per  .minute. . The.effects .of  particle- s ize ,  upheat r a t e  .and the.conditions 

.of the. surrounding .a tmosphere  were  .investigated. A .part ial  in terpreta t ion of 

the ,peaks..was .made .by a modified ther.mogravimetric:method and other  .aria- 

-1ytical means .  

.The de.cornposition of the' s a l t s  follows m o r e  -or  , l e s s  ..the following :ge.n- 

e ra1  pat tern;  

M(C2H5S04)3* 9 H 2 0  -. M(CZHkS04)3. 5H2.0 - M(C2H5S04)3 .- M(HS04:)3 
I 
1 .  . 

. -  in termediates  -, Ii4 : (SO' . )  2 : 4 . 3 '  ., 

where .M rep resen t s .  any . r a r e  .ear th .  metal .  The fir s t  th ree  - s teps  a l l  occur  

below 200". ,The :la.st s tep i s  .cer ta inly completed a t  500". .The . in termedi- '  

a t e s . a r e  po.ssible.double s a l t s  of the . su l fa tes  and the bisulfates o r  have the 

composition pM (SO ) - q H  SO4. 
2 4 3  2 

8 
-. W o r k . y a s  p.erformed.under.  the .auspices .of  the-U.. S, .Atomic.Energy..Cbm- 

m i s  sion. 



The dehydration and the decomposition of the organic rad ica l  have act i -  

vation energ ies  of the o rde r  of 12 and 16 kcal/mole, respectively.  The bi- 

sulfate decomposition may  have an activation energy of something like 8. 5 

kcal/mole.  The react ions a r e  f i r s t  o rde r ,  with one exception, which appears  

to be of f ract ional  o rde r .  
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INTRODUCTION 

The thermal  decomposition of r a re .  ea r th : sa l t s  has been.studied in 

some detail  only .during the past  five yea r s ,  par t icular ly by. Wendlandt. ('1 

The.principa1 a i m  . of . these studies.w'as ,to determine the .minimum tempera-  

ture .  range in,whic.h a. par t icular   composition^ would be.  stable. This  i s  of 

interest  for  gravimet r ic  analysis.  A secondary a i m  was the comparison of 

the behavior of the different r a r e  ear ths .  Thus studies have been made, by 

.DTA. or..with the thermobalance, of the oxalates, 8-hydroxyquinolates and 

related sa l t s ,  cupfer ra tes  and neocupferrate s ,  chlorides,  f luorides,  sulfa- 

mates  and ni t rates .  The ethyl sulfaies,. although not of analytical interest ,  

a r e  of some spe.ctroscopic in te res t ,  and it appeared. wor th  while to obtain a 

comparison of r a r e  ea r th  behavior in this. salt .  They have- the composition 

: M(C2H;S04)y 9H20 and a r e  crystallographically ' isostructural.  

( l ) ~  brief review wi th : l i te ra turereferences  can be found i n P .  C. Stevenson 

and.:.W.. E . ,  Nervik, . .The Radiochemistry of the .Rare.-Ear.ths, ,  Scandium,, Yttri- 

u m  and..Actinium, . Lawrence  Radiation (Laboratory r epor t  UCRL- 5923 (1 960), 

pp048- 60, to be published by t h e  Subcommittee on4 Radiochemistry of the Com- 

.mit tee .on: Nuclear- Science, National Academy of Sciences. 



EXPERIMENTAL 

C e r i u m  ethyl sulfate was prepared  f r o m  the sulfate a s  obtained f r o m  the 

GL.. F r e d e r i c k  Smith Chemical  Co.,  by a double decomposit ion react ion with 

the s toichiometr ic  amount of ba r ium ethyl sulfate.  All other  ethyl sulfa tes  

w e r e    re pared f r o m  the oxides obtained f r o m  Lindsay Chemical  Corp. 

( E r  0 f r o m  R e s e a r c h  Chemicals  Corp.  ). The oxides .were  f i r s t  converted 
2 3 

to the . su l fa tes  by dissolution in the min imum amount of dilute sulfur ic  acid 

and subsequent crysta l l izat ion.  The sulfates were  then converted to the ethyl 

sulfa tes  a s  in the ca se  of the c e r i u m  salt .  The b a r i u m  ethyl sulfate was 

"electronic  g r a d e M  reagent  f r o m  City Chemical  Corp.  Po ta s s ium ethyl sul-  

fa te  was reagent-grade chemical  f r o m  Eas tman.  All ma te r i a l s  w e r e  a t  l ea s t  

99'7'0 pure .  

The purity of the ethyl sulfates was not exactly known. .Not enough was 

made f o r  a sa t i s fac tory  analysis .  Most ethyl sulfates appeared slightly wet. 

The weights of the pyrolysis  res idues  showed, however, that the pur i t i es  did 

not differ significantly f r o m  100y0. 

The .DTA furnace a s sembly ,was  the Robert  L.. Stone Co. model CS-2 

with' the '  liquid sample  holder .  The s a m p l e s  a r e  placed in cups which allow 

weighings. . Auxiliary equipment included a .Leeds and Northrup model-G 
, . 

potentiometer r e c o r d e r  with a Beckman model-14 b reake r  amplif ier  to r e -  

cord  differential  t empera tu re s ,  and a n  L and N model-H cam-type  p rog ram-  

m e r - r e c o r d e r  w i th -a  CAT proportional control  and a Fidel i ty  saturable-  r e -  

ac to r .  

The thermobalance used fo r  the lanthanum sa l t  was a modified .Ugine- 

Eyraud  continuous recording thermobalance with an .  L and N Speedomax 

type-G.X1 -X r e c o r d e r  having a range of 20 m g  * 1/2'5/0.full scale .  2. 



. Some samples  of the lanthanum sal t  .which w e r e  heated in: a muffle oven 

:at  different tempera tures .were  -analyzed. 'The  products of pyrolysis below 

- . 500" C were .  soluble in .water, the 1100" product.was .dissolved in .hydrochlo- 

r i c  .acid. ' .  Sulfate,was .determined by .precipitation as .  B a s 0  , . f i l tering 'the 4 

n e x t  day,. dissolution of the precipitate in ,  a known. amount of ammonical  

EDTA and back ti tration with standard MgCIZ with e r iochrome T a s  the indi- 

cator .  Hydrogen ion was determined by titration:with standard base-.' 

. Samp1e.s of about 100 mg were  used in. a l l  experiments.  . Standard p a r -  

t ic le .  s ize  .was - 100/+200 mesh. . Standard upheat rate. .was .about , l o 0  C pe r  

rriinute. 'These  conditions .were ..modified f 0 r . a  few experiments.  .'. After' a 

complete. DTA curve.was obtained a new sample. w.as run,  but with.inkerrup-,: 

tions .shortly a f t e r . a  peak in o rde r  to.weigh the. sample.  The samples  w.er.e 

removed f r o m  the furnace and weighed a s  rapidly as possible in o rde r  to keep 

the uptake of water  f r o m  the a i r  to a minimum. Occasionally some fumes 

were  s t i l l  coming off when the furnace was removed. 

. RESULTS 

The DTA curves under standard ccondit-ions a r e .  shown in Fig.  . 1. Be- 

low about 250°C the.curves a r e  a l l  s imi lar .  T h e r e , a r e  basical ly . three.peaks 
. . 

which a r e  in nearly.  a l l  ca ses  well resolved,.  and sometimes.  some additional ..... . . 

s t ruc ture .  Between 250". and 500" there. i s  varying behavior. The lan'thanum 

and cer ium'  sa l t s  show one sha rp  :peak. between ,300". and 400". and one o r  two 

weak endotherms a t  higher tempera tures .  . The s a l t s  f rom.praseodymiqm 
. . 

through holmium have.at  lea.st two well defined endotherms, .  which sorrietimes 

show s t ruc ture .  The- remaining r a r e  ear th  sa l t s  show only one endotherm of 

medium intensity which peaks just above 300". F o r  comparison I have in- 

cluded the curves  of bar ium and potassium ethyl sulfate. 



Certain aspec ts  of the curves  a r e  sensitive to the nature of the sample 

and the heating rate .  F igure  2 shows the effect of par t ic le  s ize on the DTA 

of the gadolinium salt .  The best resolution i s  obtained for  the - 100/+200 

. . 
m e s h  fraction. The resolution i s  a lmost  a s  good with -200 m e s h  fraction; 

but unsat isfactory with the + lo0  m e s h  fraction. 

The.effect of a tmospheric  conditions was examined on the lanthanum 

sal t .  DTA curves  were  obtained in a i r  and in a dynamic a rgona tmosphere .  

The . r e s u l t s  a re . shown in Fig.  3 .  

The effect of upheat r a t e  was investigated with the e rb ium sal t  with 

striking r e su l t s  (Fig.  4). F i r s t  of a l l ,  peaks shift to lower tempera tures  

a s  was expected when the upheat r a t e  i s  slowed down. The two lowest tem- 

pe ra tu re  peaks., which a r e  dehydration peaks a s  I  shal l  show la t e r ,  a r e  a l -  

most  ent i rely unresolved a t  the lowest upheat r a t e s  except perhaps f o r  a 

shoulder.  The next peak i s  resolved into two peaks a t  2. 5"/min, shows 

some s t ruc ture  a t  5"/min but appears  single a t  10°/min and 25"/min, The 

l a s t  peak shows s imi lar  behavior. It i s  completely unresolved a t  25"/min 

and a t  .lOO/min, i s  res'olved into two and possibly four peaks a t  5"/min, but 

in no m o r e  than two peaks a t  20/min.  

The interpretation of the peaks i s  based on measurements  of the weights 

of samples  a t  points indicated by numbers  in Fig.  1 .  Cornpositions.were 

calculated f r o m  these w e i g h i ~ g s  and compared with theoretical. cnmpc l s i t i nns ,  

T h e . r e s u l t s  a r e  tabulated in .Table 1. The .numbers  l isted are-weight  OJo left 

a f te r  heating. Additional weighings were  made of the lanthanum and holmium 

sa l t s  a f te r  the f i r s t  and second peaks (Table 2). . Chemical analyses  were  

ca r r i ed  out on some of the decomposition products of the lanthanum sal t  af ter  

heating in a muffle oven.(Table 3 ) .  In o rde r  to make the interpretat ion a 

l i t t l e m o r e  positive pyrolysis  products of the potassium and bar ium sa l t s  

were  a l so  we igbedor  analyzed (Table 4).  



The data :lead to the.following interpretation. The. decomposition . . of 

the r a r e  earth.ethy1 sulfates s t a r t s  with-dehydration. . Besides the..ennea- 

hydrate-.which i s  stable a t  room tempe.rature.at  . least  one other hydrate-exists,  . . 

, probably. the. pentahydrate. , The anhydrous, ethyl sulfates . . a r e  r a the r  unstable 

and decompose a l i t t le below 200°C to' the bisulfates. . The bisulfates decom- - 

-pose either direct ly  o r  in s teps . to . the anhydrous~sul fa tes . .  In. some c.ases . . 

.'(.La,, Ce, Pr, , Gd,. Dy, Yb)  the. bisulfate .s tar ts  to decompose before .the de-  

compos.ition of the .ethyl group . is  complete. , ',The intermediate.  compositions 

shown in :Table 1 a r e  given with ?some. r e se rve .  . . .  T,he . DTA curves  indicate the 

existence of double sa l t s  of the bisulfates with the sulfates. The most  con: 

. s:istently occur ring composition i s  M(H904)3: M2(S04)3. . I t  i s .  l i ke ly tha t  such 

. a  double ..salt has  independent existence. Other campositions sugge.sted . . by 

t h e  table :as having independent . . existence a r e .  4M(HS04)3 M2(S0 ) and per -  4 3 

haps 2M(HS04:)3: M2.(S04)3,. These compos~itions . . . . .  certainly a r e  in need of 

confirmation. . A few x r a y  diffraction pat terns  obtained f r o m  pyrolys is  p ro -  

ducts.  of the lanthanum sal t  wk.r e 'inconclusive .', 
Confirmation.of the.interpr6tation of the  peak. just  below 200" was found 

f r o m  the -potassium and bar.ium .salts.  , The fo rmer  has.only one endotherm 

. . 
,corresponding to the. reaction'  

K(C2H5SO4) - KHSO4+ C2H4 ., 
-The...latter has  two low te-mperature peaks, .which correspond to dehydrati'on. 

. The th i rd  sha rp  endotherm resu.lts f r o m  the reaction 

The. l a s t  peak,. a t  about 300" cvrresponds to.the. r.eactiori 



This  peak.occurs  a t  about the same  tempera ture  a s  a s imi lar  peak fo r  the 

e rb ium,  thulium, yt terbium and luteclum peaks, which have been interpreted 

the same  way. 

An attempt was made to establish the stability ranges  of some of the 

l o w  tempera ture .pyro lys is  .products. The weight ,of lanthanum ethyl sulfate 

was followed with the thermbbalance in a flow of about 100 cm3 of nitrogen 

pe r  minute (at  room temperature) .  After an  initial run a t  10°/min a more  

detailed experiment was done a t  about ZO/min. F igure  5 shows both the 

weight lo s s  curve and the BTA curve a t  2. S0/min.  There  i s  'little positive 

correlat ion between the two curves.  It i s  c lear ,  however, that there i s  no 

stabili ty range for  the intermediate  h.ydrate. 

Static experiments  were  done with the ethyl sulfates of La ,  Pr, Tb, 

. Dy, . E r ,  Tm,  and Yb. The r e su l t s  a r e  shown in Table 5 and Fig.  6. The 

samples  (except the La  sa l t )  were  held a t  50" for  three days,  a t  73" for  one 

day, and a t  105" for  4 2  days.  The lanthanum sal t  was only heated a t  106". 

At 50" constant weight appears  to be reached af te r  only a few hours  a t  about 

8070, indicating perhaps the existence of a mono- o r  dihydrate. The P r  and 

Tb' sa l t s  may have reached the anhydrous f o r m  a l ready a t  50". . After fur ther  

heating the.weight increased .  a l i t t le,  however. This suggests that the con- 

stant weight composition i s  ve ry  sensit ive to the.humidity of the.atmosphere.  

Yet there  i s  no. indication of a stable pentahydrate. No constant weight was 

reached a t  73", except perhaps with the Dy salt .  It looks a s  if the Dy, E r ,  

Tm,.  and Yb sa l t s  may have a stabili ty region a t  about the composition of the 

anhydrous salt  (about 7770). The other two sal ts  lost  additional weight a t  73". 

The behavior a t  1060 i s  ve ry  interesting. The lanthanum, praseodymium and 

dyspros ium sa l t s  appear  to have-a  stable composition a t  about 6070, in ac -  

cordance with weight data  obtained f r o m  the dynamic measurements  of the 



l a s t  .two. The.6rbium and thulium sa l t s  have stable products a t  about ,5070, . 

that i s ,  a t  the ..composition: Er (HS0  ) Er2(S0&)3. This .composition was not 
4 . 3 .  . . 

found in the dynamic experiments.  Final ly ,  the. terbium and ytterbium sa l t s  

did not reach  a stable. composition a t  a l l .  . They both tend to yield the anhy- 

drous sulfate .at  this temperature.  The .weight loss  r a t e s  do not dec rease  in 

. regular  fashion. This.  may be.explained by.assuming two consecutive r eac -  
. . . . 

tions, t he  second. one being the. decomposition. of the .product of the .fi.r s t  one. 

An:est imate.was made of the activation energy of some of the.react ions 

of the e r b i u m  salt .  ~ c c o r d i n ~  t o  . ~ i s s i i ~ e r ( ~ )  the' activation. energy, E,. i s  

w h e r e R  i s  the .gag constant, $ the heating r a t e ,  and Tm th&.peak: tempera-  

ture .  in dkgrees 'K. ~ a l ' u e s .  of E were. calculatkd with:the. data obtained f r o m  

Fig. 4 . fb r .  thelfirst  dehydration .peak, the , Z O O 0  peak,. 'and the bisulfate .decom- 

position peak. F o r  .the: l a s t  calculation .I  tbok the. 'average of'  the .doublet. .'The 

- r e su l t s  a r e  shown in Fig.  7. The activation energies  come out to be about 

12, 000. .cal/mole-for - thk. dehydration, about 16, 500. .cal /molefor-  t he  dthyl de- 

composition, and about 8500 cal/mole for  the bisulfate decompo'sition. These 

. . 
.values must  be. considered .tentative, however. 

The empir ica l  reaction o r d e r  can be estimated f r o m  the peak shape. ( 3 )  

'Al l  peaks a r e  sufficiently symmetr ic .  to .a'llow the .conc'lusion .of a f i r s t -o rde r  

react ion for  a l l  decomposi t ion~steps,  except a peak a t  about 3 6 0 ;  for  the 

("H. E. Kissinger.  J. R e s e a r c h  Natl. Bur . .  Standards 57, 217 (1956). 
-. . 

( 3 ) ~ . ,  E. Kissinger,. Anal.. Chem.. - 29, 1702 (1957). 
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major i ty  of the ethyl sulfates.  The o rde r  i s  given by n = 1.26 where 

S .is a's defined in Fig. 8. I  calculated n to be.b&tween 0. 7 and 0.4, On5 

.possible  explanation of the deviation f r o m  f i r s t  o rde r  may be the following 

formulation: 

2/3 La(HS04)3 + 1/3 La2(S04)3 + H2S04,  d 

the r a t e  determining s tep being the formation of a molecule of 'sulfuric acid. 

The react ion o rde r  would be 2/3 with respect  to the bisulfate. 

CONCLUSIONS 

The.path.of the. therma1 decomposition-of the r a r e  ea r th  ethyl sulfates . . 

below 600°C goes through an intermediate hydrate,  the.anhydrous.sal t ,  the 

bisulfate,  compositions intermediate between' the bisulfate and the sulfate, 

and f inal ly . to  the anhydrous sulfate. There  i s  no c l ea r  division of the sa l t s  

into types.according to their  behavior, except that for  the four heaviest  ethyl 

sulfates  the existence of intermediate compositions i s  not c lear .  The inter-  
i 

mediate compositions may have.the s t ruc ture  pM(HS0 ) *qM2(S04)3 o r  4 3 

pM2(S0 ) qH SO4 S ta t i cmeasuremen t s  have shown that the pyrolysis 
4 3 . .  2 

products may be stable in only v e r y  limited tempera ture  intervals.  ' It i s  

obviously of in te res t  to continue the s t a t i c  weight l o s s ~ m e a s u r e m e n t s .  St is 

l i ke ly tha t  conditions can be found at  which the bisulfates can be prepared.  

In.addition, the exact composition of the products intermediate between the 

sulfates and the bisulfates should be determined. , 

The activation energies  a r e  of the order  of 12, 000 cal/mole for  the de- 

hydration, 16, 500 cal/mole for  the decomposition of the organic radical ,  and 

about 8500 cal/mole f o r  the bisulfate decomposition. The react ions a r e  f i r s t  

o r d e r ,  except some occurr ing a t  about 300°, which a r e  of fractional o rde r .  
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Table 1. 

* 
Table 1.-Weight data fo r  r a r e  e a r t h  ethyl sulfates heated to different temperates .  

- . -. - .. - . . . . . . . . .. . .. . -. . . . .. . . . . . - . . . . . . . . . .. .. . . . . . . . . . . .. . . . . .. . . . . . . . . . . , . . . . . . . . . . . . .- - .. . . - 
1 2 3 4 5 

Bisulfate 2 / l t  . l / l t  l / z t  Sulfate 

theor. found theor.  found theor.  found theor. found theor.  found 
I 

La 63.6 - - -  56.4 56.4 52 .8  - - -  142. 6 49.1 149. 41.9 42. 6 

Ce 63.7 ' 61.8  56.4 ' - - -  52.8 - - -  49.2 - - -  [42.9 41, 9 (40,  6 
C 

Pr f 6 4  56; 5 - - -  52.8 - - -  49.2 '50. 2 '40:6 
63 '7  160.0 143.1 4 2 * 0  145.1 

* 
Tempera tu res  where  samples  were  taken varied wi th  the peak p n s i t i n n e ?  T h e  f i r s t  

column was obtained a t  about 230°,  the second, third and fourth c o l u t p ~ s  between 230" 

and 350°, and the fifth column a t  450". Values .are  reported a s  percent  weight remain-  

ing. 

' ( ~ ~ u i v a l e n t s  of t a r e  e a r t h  in bisulfate)/(equivalents of r a r e  e a r t h  in sulfate). 

'NO data taken. 



Table 2.1Evidence for  the existence of r a r e  ear-th ethyl s ~ 1 f a t e ' ~ e n t a h ~ d r a t e s ; '  
. , . . . .  . 

. Weight Heating.. . - W t ' .% Theor.  for  

Compound (g Temp.(?.C) left: pentaliyd'rate (%) 

Table 3.-Analyses of lanthanum ethyl sulfate samples  heated to ' 

different. temperatures .  

, Heating 

Temp time . Mi11,irndle s .in. 'or ig.ina1 sample ' 
. .  +++ Sample ("C) ( m i n )  L a :  -(talc) H' . SO; . S Q ~ / . L ~  : H / s O ~  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Theoret ical  $04/La f o r  4 'La(HS04)3 t L a  (SO. ) i s  15/6 or  2. 50; 2: , 4 3 

f o r  La.2(S04)3: 3/2 or  1 .  50; for  La5O2(SO4):: l / 2  o r 0 .  50. 

Theoretic'al H / S O ~  f o r 4 L ~ i ( H S O ~ ) ~  + ,La2(SO 4 ) 3 i s  12/15 o r  0.. 80; 

. a t  350" and 410". smal l  amounts of bisulfate q r e  .st i l l  left. 



Table 4.-Analyses of b a r i u m  and po tass ium ethyl sulfa tes  

heated to different t empera tu re s .  
-I---_----- _-. ._-- .. " -_...- _-._-____-..- 

T e m p  Wt yo of Theor .  wt 70 of 

Sample ( "  C) init ial  sample  ini t ia l  sample  Product  

Ba(C2H5S04)2* 2 H Z 0  100' . 98. 7 - - -  - - - 

:170 9.0. 6 91. 5 Ba(C2H5SOq)Z 

250 75 .3  7 8 .  0 Da(HsO,), 

1050 (x - r ay  ana lys i s )  BaS04 

KC2HkSO4 . 250. 85.9  82.9 .. K.H S O4 
. - - - - - - - - - - - - - - -  - - - - -  - - - - - - - -  - - - - - - - - -  
'SOg found 4. 04 .mmoles  in 0..6775 g 

theor :  4 .14 I t  II I I 

H found4 .12  1 1  I I I I 

theor :  4.13 1 1  I I I I 



Table 5. 

Table 5.-Static weight loss of some,kare ear th ethyl sulfates a t  1060C. 

Weight '-70 after . . 
*, 

Salt of 0 24 3 4 144 195 217 318' 481 648 1008 (hr )  

rpr 
Time started after 3 days .at 50°, 1 day a t  73O. 

. . 

t ~ e i g h t  percent left after previous heating a t  50. and 73.. 

 eatin in^ started a t  1060. 



iUIr12'4es TEMPZRATURE ("C) 
Fig .  1. - DTA curves for. the ethyl sulfates of the r a r e  earths,  h r i u m  and potassium. 

Upheat rate 10" C:min nominal. 106 mg samples, - 100/+200 mesh. 



TEMPERATURE (OC) -121~7 

Fig. 2. - Effect of par t ic le  s ize on the DTA of Gd(C H SO ) . 9F120. 2 5 4 3  



TEMPERATURE ( " C )  -12488 

Fig .  3.  - Comparison of DTA of La(C H SO ) 9H 0 in s ta t ic  a i r  and dy- 
namic  a rgon  a tmospheres .  2 5 4 3  2 



TEMPERATURE ("C) 
Fig. 4. --Effect  of upheat r a t e  on the DTA of Er(C2H5SOq)2*9H20. 



0 100 200 300 400 500 
T E M P E R A T U R E  ( O C )  Mn-12490 

Fig.  5. -. Comparison of weight loss  curve (ZO/min) with DTA (2.5"/min)  of  
La(C2H5S04)3* 9H20. 
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UCRL- 6280 

I MIL-12493 

Fig .  8. - Definition of the shape f ac to r  S. 



LEGAL NOTICE 

T h i s  report was  prepared a s  a n  account  of Government sponsored work. 
Neither the United S t a t e s ,  nor the  Commission, nor any  person ac t ing  on 
behalf of the  Commission: 

A. Makes any warra'nty or representat ion,  expressed  or implied, with 
respec t  t o  the accuracy,  completeness ,  or u s e f u l n e s s  of the information don- 
tained in th i s  repor t ,  or that the u s e  of any information, appara tus ,  method, 
or process  d i sc losed  in th i s  report  may not infringe privately owned r ights ;  or 

B. Assumes any  l i ab i l i t i e s  with respec t  t o  the  u s e  of,  or for damages  
resul t ing from the u s e  of any  information, appara tus ,  method or process  d i s -  
c losed  in th i s  report. 

As  used  in the  above ,  "pe rson  ac t ing  on behalf of the  Commission I' 

inc ludes  any  employee or contractor of the  commission, or employee of such  
contractor,  t o  the  ex ten t  tha t  s u c h  employee or contractor of the Commission, 
or employee of s u c h  contractor  prepares ,  d i s s e m i n a t e s , ,  or provides  a c c e s s  
to , .  any  information pursuant t o  h i s  employment or contract  with the Commis- 
s ion ,  or h i s  employment with s u c h  contractor.  




