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Av, 28,11959 + 0,000007 28,11982 + 0,00004
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) ¢H0 ¢p,0
t°C ((itar:‘m/ml) (Gramm/ml) ¢o0 en0 l’n,ol?n‘a
5 0999992 1,10565 0,10566 1,10566
6 0,999908 1,10579 0,10582 1.10582
7 0,999930 110588 0,10595 1,1059%
8 0,99%9876 1,105% 0,10008 110609
9 0,999509 1,10601 0,10620 1,10622
10 0,999728 1,10605 0,10632 1,10635
11 0,999033 1,10605 0,10642 110646
12 0,999525 1,10604 0,10652 1,10657
13 0,999404 1,10602 0,10662 110668
14 0,999271 1.10598 0,10671 1.10679
15 0,999127 1,10593 0,16680 1,10689
16 0,998970 1.10586 0,106589 1,10700
17 0,998802 110577 0,10697 110710
18 0,998623 1,10566 0,10704 1,10719
19 0998433 1,10554 010711 1,10728
20 0,998232 1,10540 0,10717 1,10736
21 0,995021 1,10525 0,10723 1,10744
2 0,99799 1,10508 0,10728 1,10752
23 0,9975067 110490 0,10733 1.10759
24 0,997326 110471 0.10738 1,10767
25 0,997074 110449 0.10742 1,10774
26 0,990813 110427 0.10746 1.10781
27 0,990542 110404 0.10750 110788
28 0,990262 110350 0.10754 1,10795
29 0,995974 1.10355 0,10758 1,10802
30 0,995676 1,10329 0,10761 110808
k] - 0,995369 1,10301 0.10764% 1,10814
32 0,995054 110272 0,10767 1,10821 g
13 0,994731 1,10243 0,10770 110827 ,
34 0, 1439 S22 0,10772 1,10833
15 0,994059 110179 0.10773 110837
3o 0993712 110146 0,10775 1,10843
37 0,993357 L1012 0,10776 110848 i
3 0,992994 Lluze 0 w777 110853
39 0,992623 1,10039 0,10777 1.10857 t
30 0,992246 1,10002 0,10777 1.10861 !
45 0,99025 104800 010775 1.10851
50 0,968807 1,00575 0.10768 1,10898
55 0,98573 109329 0,10756 110912
o0 098324 LU0+ 0,10740 110923

d .
AV 2. MANAURUTT LN PINLLLUREL

e

aTTuMmMiuae

- D

=}

v
vhateuih (g/en) eungilugg ¢ i

bo'C



ab

v |}

v
r-} S ar > ’
10 @2 bt A0 qamgumramm‘lummmﬁqutm: t, fic Lufmuummmuﬁmﬂmq

A el & 4 3 v o4 ' : . :
Vlﬂ’]’i\iVlﬂﬂ"‘\l'?‘ﬁﬂﬂ c tﬂu%muﬁm'lm LUUANUURNMNN T 3‘5’)’]\7’@’1}!’1 ﬂTf}WﬂUU’]MﬂUQQ
w "W v | ]

.4
(umwwmmmxhwumﬂ) wqmmn tp MANEAT BC  LHfILUanena aed MANLLY
4 : Y
(‘% -2) sanlifldlumssmimmiane

1T v v
, FYRAROT PR X RIRE PO\ NS i 19 NATOLELL 2N
T a v ¥ v_ A “vw a & S ; ; ~ o
mufidrersiln. Aulk uammmm‘nuﬂuunﬂﬂLﬂummﬂﬂuzismm {AY%) aziuwlsiy
]

ar A
_Pp-g)s UuRD

Av/o — ’p" PS x 100 w——mmeee- 1

(}’D o :H o)

t
2 P

= | a Vi 4
- T R Nt eI en m.e
7 0 ] u
¥ D,07'H, j
g \ o
MuUNANNTZ AL Mol=%  wip Atom—®  gogifammwiinumy Vol-%
] v v v v

~ ¥ a bt - - s a - TR ar &
ANUY 'Nﬂmmum\lmﬁuuﬂnmqmmmﬂmrzmwmmmmmmmmunmu DINTAUN

b Vv < = t ==0 A a y
d ="p, 20 = HO LuANIANINE L S0 UTwns LA ﬂsmmauav
" H O v
Muﬂimm v/otm~1lrmmfﬂua ~Tﬂumﬂamm D20 ﬂu a/o: mv*'anumﬂumu o)

. v o, W . il ig k o~ o v.‘x
ﬂﬁVOTUU’m’l DUNLUAL s a'mwu MWIATIT ”1?‘lﬂ7’1mm'um\]u

; ‘ 3 (7in el ok = et LoV T R o
L), ~bhler, A0k UL 1= 0 ST 4) Je---%
¥ - >
P iy el tocss P e G ]
A A%
t
ol
\\
>, |
8-, __B‘___\AE
\\
! R
N\
\
N
N Prove
Standard

t ty t
T 1

B v v
;11 @ed  UAANAILANILDT 23N AL U B UL AU N LS

4 v . Y orar a
Lthinarguua :mamqmﬁl'l TINNUGPLaPY



e

! ] 2 v 1 1

t! 4 > o A
INAUMIN 1 '9::mumm'mumnmw:mﬁma/o wazAv/o ﬁyzmuvlmﬂmy B o N

A
A1)
AF
— AT L) Aafo = Av/fo (1-¢)
! Jd‘: A ar (
— NI Aafo =  Av/o (1 +d)
: Jdv. A o 2
= TN AMINWD1T 21 i\ afo = Av/o d d=0
| y ¢ 93
Win2C PIIN J = ;e Xou
d ' .'
NE'C MIN & = Lo
oy 4 4 73
NN T UNPNRAANLAA B LUEN PINPA S AN VONANG B
A ' B ST v
nlmmnmﬁmmﬂmwmmmm At - b=ty TEUMBI e s
A v v
uNI3IU m‘lummﬂ\mmﬁfum«nuﬂmﬂwlm'mm:mmmqLm 14 ua 2 tumse unenay
Ay X
PANAL PR AUAIL
ar ~ K v ar ¥ A
AULT 2 AN VA M LALUNITUPRINL PA T
£
~ A o a or )
LEaiTUAR T rimniaoviaunwn (v/ossa a/o)
4
AV P wipegx ou TA L
v ¢ I
uma s no Sioao T —- e xoo TNt

- SER |
m:‘l«nm munmwmqm PRI LU B3I NNAT Ll}auu HA9T0agY .wtﬂ m‘lumamemrm

1]5mm?Jmuwuﬂuuﬂ'v'mmmﬂqwmmmﬂum mwﬂmmfm. .numflsnnm flusﬂw -
doil T TR TN TN M 37 7Um ' U sreu L wf NPT RV Iy
%nmmﬁ meb n'ma@nqmmgu e °C ummmmlmmﬁ:ﬂm:mummmmﬁ:ﬁ
aoihunotnale



—
50
45

&8

nw 3 & 8

1

s ded
// 4
H,0 als Standard /, //
7 of 18 Y

D,0 als Standard

/
[

11%11%11% 1 1% 1 1% 1961 1%461 1% 1% 1%l 1% 1% 112s L 14| ;zo

\ +4% 0,0

-4%0,0
T T

R 77 R o T '
1M e nm'-!m'muuummmmﬁimm_'uarm-nuﬂmrm:qﬂ#l‘n

L) ’ 25 -~ P
Lhane §M LAUNUANFIMINT R 0UM 1A UM i
-~ ’. ARG et X b 4
UNNuEsITRN Ll £ w1l e ems

A -~
Lmﬂmqnmgn

t°C | oo Ctho | e H(t)-eunl200 | 47/D,0 | epolt)-ensl20M | 4%, n,0
5 010566 +0,00176 - 1,667 +0.00025 + 02365
10 0.10632 00150 - 1410 00065 + 0611
15 010680 00090 - 0,844 00053 + 0457
20 0.10717 00000 0,000 0000 0,000
25 0,10742 -0,00116 + 1,080 —0,00001 - 0847
30 0,10761 00255 + 2380 00211 - 1970
35 0,10772 00417 + 3.875 00361 - 335
40 0,10777 00598 + 5.56 V0538 - 501
45 0,10775 00798 + 741 00740 - 687
50 0,10768 01016 + 944 00965 - B9%
55 0,10756 01250 ° +11,62 01211 - 11,24
60 | 0.10740 01499 +13.95 01476 -1375
J = el ¢ ' ; s ‘: =~ et
TN b mﬁu{mmm:mﬁwnmwmmqnuuu'nmu'mummn

-~

g h e
n?qvm A 21V TP PR

u



s ! A A i ] =~ &

NNTIND 2L AU ﬁm'ufl ’ﬂ'uﬂ’]ﬂ?ﬂ UTINOITEI U NAIUNN T T !'C{.‘JV@NM UM
&l A% ¥ sk ' g o w®

IAMIIND N mnmwm'ﬁ:mm Ia :'Lm‘ﬁuﬁ“fum.}ﬂ’)’mm’"'ﬁﬁ’d‘i‘} (¢°C AUTUUN

ﬁfiuﬂﬂ A o@.b‘c ﬁﬁuiﬂUﬁ“uﬂwun) nrafluguiou i sl A i

zl, o ¢ =Y

%ﬂﬁuﬁﬁuﬂvuﬂWLﬂI”uﬂm b= a7 (EWLMaoui )l amsT ) 1A AN TN QA
1 1

NTABIMUT U 08 °C 1AZ s °C Wﬁnniﬁ¢w~lvu1ﬁUﬂvn¢,mq;mununﬁiquuna

Urzyam ¢°C 9 ﬂwﬂqquuonanﬂauﬂ?uqmq1ﬁuﬂwuﬂ °

Ll
nﬁiqﬂuﬁmaﬂaﬁqwnﬂ1Mﬁmuﬁmuﬂuunﬁquﬂ~ﬂMjwﬁﬂﬂq1gﬂ Anlieanendiau

v‘:u'th v,f! o :
MMM BT IO AN WA (1F 20l & — &g 7)

er . A v.v. $ e A v,,av
mquﬁfrnﬂwmnwwwﬁnﬁ:L?ﬂ@ﬂquﬁmanQeLaunQUWLVﬂfmqmnuqrﬂm»ﬁm¢nﬂr~uwm o 7
A ' A
LWQ?QWﬁ1ﬁfqﬂwoaﬂuﬁrnﬂm@nﬁauﬂuLﬂaqnudqvaﬂuqnqLUﬁeny’suqmuﬁmuwmunuﬂu B 1n

L%
uﬂnuﬂQMﬁwﬂﬁ:wﬁiuL@ﬂWﬁQQQUQﬁuﬂﬂvLﬂuwﬁqiuﬂaﬁu%utmquq umﬁTﬂQﬂﬂﬁUﬂ1ﬂ1ﬂ uas

Ldﬂqwqnﬂfuqmﬂaauﬁﬁuﬂwﬁhﬂuuﬁﬁ%auqqﬁ1?@@ﬁqu@@ﬁuﬂu el lums demen
adlumnimns AT T S e T har A AN Sana AN
VAN AALOHNT g ggﬂnﬁ:Lﬂ?ﬂuﬁ%uﬁﬂrjﬁuéﬁﬂ?MWMﬂaqﬁ%%ﬁhvﬁhTngtﬁuqﬁﬁﬁ%ﬁﬁﬂdﬁq
A

o J a ¢ ‘LIW‘ a v 4 e L 2} . t! % o
TunsmmﬂQLﬂtaquqnsmﬂruqam TUUAMLN L LM LN 0T U LN 2089 R
v v Y v 1v

2
ﬁaﬁuLmumumﬂouﬁ%uﬂwun7mlﬂﬂﬁnﬂmquﬁﬂ ﬂﬁsmﬁiwu:ﬁmJUNWQ @ﬁ?tnﬂuﬁmiuﬂ@qnﬁi
lu

4
rJULU’ﬂQ'?'mﬁ’J’)JJ‘IIU’?”Iﬂﬂ’“Iﬂ’]ﬁ G Z'?’]ﬂﬁJUQ‘IJ‘J\m"l‘ﬁNZVI amy

v v v v

4 ed A LY %2 A
U’m’Wﬁ TUN LT LRI ﬂU'l‘ZmWMﬂVﬂJi’dV‘ ﬁVlTﬁ')UUﬁJJLILN i VI'IMLLHUT’.M
'3 v el B ' A . 'y
LlﬂLuﬂdﬁﬁﬂﬁ’)’]mluuwmvl?‘l?]ﬂ\?u W‘IﬁUWMU’WHJ TﬂV\‘EL\? ?NllﬁQﬁ')’T' LERNL PR DUNRUIY &

v '

muu ﬂ’]?"JﬂJTNﬁm?Jﬂ\m’TJUW’ﬁuﬂﬂ’]ﬂﬂ?ﬁ,uulﬂm (Pycnometer) NJJ?!’J”IJJQHW&J\TLLULI’CM

A
UT 2100 Geve & uqﬂs<ﬁuwuuuﬂuuﬁaLnivuiﬂwqﬂuwmuﬂunn ECee) I Wmtﬂu PTRIN






_ Rl
TV @ecd

™
b

ceo

ad. * ' o ¥
UgUVELRALTEN Muller Bridge  dmnunnriM

T
- \ e Resistance of platinum Average
r‘ Date Expt. No. thermometer, ohms deviation, ¥ Remarks
S b ’l
G \ 3-3-43 182 28.11987
s 1\: ) 183 28.12014
s T Av. 28.12001 * 0.00014 0.38
S 9
\%) \? t Float cieaned
T 3-11-43 209 28.12093 At time these samples were being
\ S < 210 28.12088 purified, purification apparatus
< 211 28.12088 . was also being used for badly
9/ § 3-12-43 213 28.12068 contaminated samples contain-
ot \ 3-13-43 216 28.12118 ing SO, and organic matter;
“ § 3-15-43 2155 28.12089 purification apparatus was not
Q I‘_.J 2168 28.12117 steamed between samples
- 4 218 28.12114
4 3-16-43 221 28.12085
< 3 3:17-43 223 28.12083
\Q Av. 28.12084 # 0.00006* 0.15*
= N 28.12004 * 0.000131 0.33t
-~
o £ Float cleaned
) j 3-23-43 2317 28.12158 At time these sampiles were being
5 . 3-24-43 240 28.12135 purified, purification apparatus
- - 3-25-43 241 28.12130 was also being used for badly
3 t'\’? . 242 28.12118 contaminated samples; purifica-
N £ 244 28.12151 tion apparatus was not steamed
-
> \.f,) 3-26-43 246 28.12133 between sampies
A 3-27-43 247 2B8.12140
26 & 248 28.12138
Y 0 3-28-43 250 28.12147
6‘ 254 28.12152 .
1 w Av. 28.12141 * 0.000091 0.2at
~ &
S d_) Float cleaned
- < 3-20-43 255 28.12222 At time these samples were belng
< 2 4-1-43 262 28.12221 purified, purification apparatus
2 = 263 28.12218 was belng used for badly con-
264 28.12220 taminated sampies containing
- 2 4-3-43 267 28.122341 SO, and organic matter, but all
S 268 28.12220 apparatus was steamed for
j 4-6-43 282 28.12198§ short intervals between
& 4-7-43 283 28.12228 purifications
\,\ 284 28.12225
Av. 28.12222 * 0.00003 0.08

‘Jq

tAverage of all values.
{Float not rinsed or blotted before transfer from a sample denser by 30 y; omitted from average.
§Room temperature dropped {from the usual approximately 21 to 17°C.

*Average of only the values obtained with uncontaminated evaporator.
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Density*

Expt. No. "~ Purification procedure Ay, Ay, Ay, Ay,
238 No digestion; one distillation 1.5 1.1 1.4 1.2
239 followed by one or more 1.3 1.0 1.4 1.2
243 evaporations 58.2 57.8 57.6
244 58.2 57.6
249 57.8 5741
251 57.6 57.1
265 Digestion and double distillation 274 27.4

followed by one or more )
~ evaporations
266 Digestion and one distillation 28.5 27.4 27.2
followed by one or more '
evaporations
269 Digestion and one distillation 28.2 - 27.9
followed by one evaporation
291 Digestion and double distillation 4.1 4.1

followed by one or more
evaporations

*Ay, is apparent density difference from normal water after one evaporation; Ay,,
after two evaporations; Ay,, after three evaporations; Ay,, after four evaporations.
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Density*

Sample  Aliquot Ay,

—20.2

201-2 A
B -19.9
203-4 A +11.4
B +12.0
205-6 A +10.0
B +9.8
207-8 A -19.2
B —18.9
226-17 A -30.8
B —-29.8
228-9 A +2.5
B +2.5
231-2 o il -5.9
B -5.4
233-4 A -52.)
B -52.1
234-5 A -2.1
B -1.6
256-7 A *0.0
B 20,0
258-9 A -20.2
F B —-20.6
260-1 A +6.5
B +6.5
270-1 A +0.14
B -0.14
272-3 A +4.02
B +4.28
274-5 A —25.48
B -25.55
276-7 A -0.86
B -0.86
.278-9 A -5.17
B -5.74
280-1 A -20.22
B —-20.24

Ay,_

-20.4
-18.6
+11.4
+11.4

+9.7
=18.1

-30.8
—-30.8
+2.6

=30:%
-20.6
+5.9

Remarks

Standard used was 976 y denser than Columbia i

University distilled water; experiments were
done on 3-8-43, a clear, cold day; average
change on reevaporation was —0.1 + 0.2 y-

Standard used was 976 y denser than Columbia
University distilled water; experiments were
done on cool but damp days, 3-18-43 and
3-19-43; average change on reevaporation
was —0.2 * 0.3 y (omitting 226-7B)

Used as reference water; A = 950 ¥ above
Columbia University distilled water;
“experiments were done on a cool but damp
day, 3-30-43; change on reevaporation was
-04*02y

Used as reference water; A = 950 y above
Columbia University distilled water;
experiments were done on clear, cold days,
4-4-43 and 4-5-43

*Ay, is the density of the water minus the density of the reference or standard
water after the first evaporation; Ay,, after the second evaporation.
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" Deuterium Time per  Determina-
concentration, ) Precision, determina-’ tions per
~mole % - Purity of sample : F y - - tion, hr sample
0.00-0.05 Some organic contamination Jagn T - b 4

: (most inorganic salts . : ;
- allowable) -
. Badly contaminated ] +0.3 2 4
* Routine analysis®- ) 10.7 2
0.1-1 No organic or volatile T o T 2

inorganic contamination
(except CO,)

. Some organic contamination *-2 2 4
and inorganic salts

1-3 Some organic contamination #2-6 - 2 4
Higher No organic or volatile O *2-10 2—4 ] 2—4
rangest inorganic contamination - °. 4

*Similarly, in other deuterium ranges, routine determinations may be made rapidly
‘but with a reduced precision. : e

{The float must be calibrated against a reference water in the desired deuterium
range. ot ety . ]

1Y . 0.000d29 mole’ deutevium
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*
Source of Error Magnitude, Y
Precision of measurement + 0,2
Change in density during evaporation + 0,0 = 0,5

and other purification steps

Temperature uncertainty 20,3
Expansion of quartz float + 0,5
Thermal expansion of 1 % D20 sample + 0,3

Botal ~ 1.3 - 1.8

#171 = 0,000927 mole % deuterium

t'! h ar < ¢ 4 @ Ig = or s
MINN @esa Mendnsly » (WoT1un (No1Buia TIneT gu

d a
W09

Density difference from normal water, ¥

Sample No, Float Dilution Difference, ¥
285 928.5 kel + 4o
_87 859.4 859, 4 0.0
301 356.9 3568 + 0.1

302 1, 167.6 1,167,6 -5
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Equilibration method Zinc method
Standard Total no. of Analysis of 3 Total no. of
used for No. of spectrometer distilled water, No. of spectrometer
comparison aliquots analyses mole % D* aliquots analyses
3 :
EY 3 10 0.0147 *0,0001 ) 11
m 2 1 0.0148 '+ 0.0000 4 11
v 2 8 0.0148, * 0.00005 4 9
\4 2 8 0.0146 % 0.0001 8 19
Vi 3 2 8 0.0148 ¢+ 0.0001 4 11

'

Average
Analysis of content in
distilled water, - distilled water,
mole % D* mole % D
0.0149 % 0.0001 0.0148
0.0146 * 0.0001 0.0148
0.0149 * 0.00015 0.0149
0.0145 £ 0.0001 _ 0.0145,
0.0148 * 0.0002 0.0148

Av. 0.0147 £ 0.0001,1

\ b !
*The * indicates the a.d. for the aliquots. To obtain the A.D., these deviations should be divided by the square root 6f the number of allquots ana-

lyzed. This has not been done because of the statistically small number of allquots analyzed in some cases.

tTaking into consideration the uncertainty in the absolute values of some of the light waters, the total error should be about +0.0002 mole %

deuterium.
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Float analysis, mole % D

*
Sample Before normalization After normalization Equilibration
with SO2 analysis
' mole % D
1 st electrolyte 0,074 0.071 0. 069
2 d electrolyte 0,22¢ 0,220 0.219
3 d electrolyte 0,615 0,599 0,602
4 th electrolyte 1,48 1446 1648

*
Apparent mole % D because samples were eniched in 018
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Sample No,
10
27
RA
9A

Float
0.0105 + 0,0003
0,0112 + 0,0003

0. 0087

0. 0096

P2

Analysis, mole % D

Mass=-spectrometer

0.0105

0.0106
0.0080 + 0,00005
0,0080 + 0, 00005

[

Difference
+ 0,0000
+ 0,0006
+ 0,0007

+ 0,0016

L4

Wbt oufiludd LRl L aas

v v

1 N\ y ¥
MINN @eob mmtnm:ulﬂ‘i'ﬁ'lnﬂmmmﬂmou'ﬁmugnaﬂu

Isotopic composition,t

Density* mole %
Sample Ay, Ay, Ayp Avo Deuterium o™
Columbia University 0.00 2.8 0.00 0.00 0.0147% 0.198¢
distilled water 3.0%
(standard) 2.8
M-4 58.1
58.45 27.8 25.1 32.9 0.0380 0.225
57.6 - :
M-6 27.4
873 27.28 24.5 32.6 - 0.0374 0.225
M-8 57.8 27.4
57.6 27.48 24.6 8.1 0.0382 0.226

*Ay, = density of sample minus density of Columbia University distilled water

Ay, = density of sample after normalization with sulfur dioxide minus density of
Columbia University distilled water .

Ayp = part of Ay, due to excess deuterium, i.e., Ay, = Ay, — 2.8
Ayo = part of Ay, due to excess 0", i.e., Ayy = Ay, — Ay, + 2.8

fCalculated on the basis 1 ¥ = 0.00092 mole % deuterium and 1 y = 0.00083 mole

. % oll. e
1See Chap. 6 for a discussion of these absolute values.
§This analysis was made upon the same aliquot that was used to obtain a previous
value but after repurification.
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Float 1 Float 2
Age of float,hr Floatation ige of float,hr Flobation

temp, *C temp, °C

7 - 204410 2 19,884

168 20, 304 6 19,852

199 204293 R4 194807

243 20,280 55 19,786

384 20,262 75 19,770
1632 20, 1825 174 19.732
1687 20, 1825 292 19,690

Eif 20,1815 816 19.602
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Float Float material Correction,
¢ /uam Hg
I German soft glass - 0. 00041
J Jena reagent glass + 0,00006
M Jena reagent glass 0. 00000
K Durorobax glass + 0,00002
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Room tempereture Date Expt,No, Beckmann reading
[ 20 3.516
[ 1-26-43 } 21 3,522
| \ 22 3,523
Increasing /! \ 23 3.530
during day ’
f’ | 34 3.525
| } 35 34527
\ 1=30=43 4
38 34529
41 34530
/70 3.521
‘}' R=ly=/,3 73 3.523
/3 [ 76 3.523
Controlled
( 84 34524
| 2=6=/3 87 3.522
1. 90 3.523
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