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I. P R m m  

B e  % Q t d  acid present b hexme 5s debmined by titration 1~3th 

standard sedirrm hydroxide to the methyl red end point and calculated as per 

cent acetic acid, 

11- STATUS 

The method is applicable to r a w  or treated hexone. Any hipurity in 

The accuracy and hexme whfch*reacts w i t h  HaOB w i l l  be calculated as acid. 

precision of %e neaod have not been detemimd, 

Beferace s : 

1, KOlthOf'f'y I- M m y  a d  SWdel3.9 B e  B*y 2 8 & b ~ k  Of Q U a t i t & i V e  

Inorganic Analysis, pe 532-4, Maclrlilla, Hew York f1948), 

ZII. m- m ASPlgtArn 

A. Reagents 

1. Standard Sodium Hydroxide Solution, approximately 0.1 BTI - 
Prepare from B 8 84QR' and standardize wfth potassitmi acid phthalate according - 
to tbe procedure of Kolthoff and SandelX (ll0 

2, MetQ-1 Red Indfcator Salutkm, Os% fn methanol-water. Prepare 

by dissolving h g of methyl red in 300 al methanol and diluting to 500 rnl w t t h  

afsSilled water. 

Be 
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6-1-51 2. Add about 25 nib of" methyl afeohoh neutralfzed to m e t h y l  reda 

6 ,  Titrate w i t h  standard soditzan hydroxide soluticm to the ffrst 

Then: Total acfd 5n Eexsne as CEt3COOEB per cent 
o. 
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The free acid in UWH solutions is considered to be .the same as t o t a l  

acidity. 

to the niethyl. red indicator end point after precipitation o f t h e  upanylion 

using a solution of 5s K@"e{tX)6 in saturated m03. 

 ress sed as normality. 

11. STATUS 

3% is determined by t i t r a t i o n  with standard sodium hydroxide so1ut;ion 

The total acidity is ex- 

The method is applicable to the analysis of UNH soluti~ns of lox-level 

References: 

I. W t h , D .  1YImB Qetermination of Free Nitric Acid in UMH," CC-IJ43Z 

(April 24, 19h&)* 

2. Kolthoff, I. M. and Sandell, E- EL9 Textbook of Quantitative 

Inorgmic A ~ ? a l g s i s ,  p. 553, PP,acM.ilhn, New 'Pork (1948>., 

XII* REAGEM'PS AlvD APFARATUS 

8, Reagents 

1. 

35 g K M O ~  i n  65 ml 

NaOH to the methyl 

2. 

5 g K4Fe(CN)6 in a 

with the $am@ la03 

3- 

Potassium Nitrate Solution, saturated. 

of distilled water which has been neutralized w i t h  0.1 

red end point. 

Potassium Ferrocyanide, s$ K4E'e(CN)6- Prepare by dissolving 

small volume of saturated KN03 s o l u t i o n  and d i l u t e  to 100 ml. 

solution, 

Standard Sodium Hydroxide Solution, approximately 0.3. N. 

bepare by dissolving 

- 

I 

Prepare by d i lu t ion  from l M stock reagmt, available from Einler and Amend, - 
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(a) For soluT,ions which canb3.n 48$ D'HH, use 20 ml of X@e(cH)fjo 

For l m r  VHH concentrations use smaUer amounts as necessary. 

(b) A few drops of Aerosol solution k&U a$d the centrifugation. 

(c) If the color of t h e  solution is intense, use 5 drops of O . O M  

b r a  phenol blue instead of methyl rad indicator. 



Kethod No. 3 

I. fRmm 

Free acid is deterznined in radioactive UM solutions after rertlav-iry: 

the interfering uxaniu.uil. The maniam is canplexwl ~5th potassium oxalate. 

%e free acid is then ki t ra ted  po-tentiametrically w i t h  sodiunL hydrozride. 

The determination is earried out at 1 to 3 O  C to repress dissochtion of *e 

-ianim C4x-pl@Xn 

11. STATUS 

ThE method is applicable to the  analysis of radioactive UNH solutions 

for free acid, since the procedure i s  easily carr ied out  behind a protective 

barrier. The accusacy and precision of the method have not h e n  detemined. 

References: 

31. Thopason, Pa P.,#Chemistry Division Quarterly Report for 

Period Ending N o v ,  1948: UML-229 (Feb. 3, 1949). 

2, B e m e  C. A, , “Calculations of Ehd Point i n  Poten t imet r ic  

Analysisn, EW-7737. 

3 .  Kolthoff, I. H, and Sandell, E. B., Textbook of h a n t i t a t i v e  

5. Kirk, P. L., Quantitative Ultrarfiicro Analysis, p. 36, Wiley arid 

Sons , New York (2950) e 

2. Standard S O ~ ~ W R  Hyckoxi.de Solution, approxiliately 1 - E. 
Available from E h e r  and Amend, 635 Greenwich St., Mew York. 

normality reported by the supplier by t i t r a t i n g  a sarriple of potassium acid 

phthalate (Ref. 4) w i t h  tibe solution. 

Check the 



2. Standard Hydrochloric Acid Solution, approximateu 1 I W, 
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Available fro= Eimer and Anlend. Check t h e  reporLed noraal i ty  by tftratfng 

and calomel electrodeso 

4. B u r s t ,  ~tdcso, Kirk type9 of 1 ml total capacity, calibrated 

(method of Kirk") suggested.) 

5. 

6, 

kipet ,  li,~tcrop zou 2. capacity, 
Pipet., volumetric, 1 ml. capacity. 



6- Pipet 1 ml of 25% g 2 C f i  solution into We t i t r a t i o n  vessel. 
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The uranium should be precipitated. The - total. volume should be approximatel$ 

2 ni. %is is Cy'iticxd.. 

7. A f t e r  five dnutes, stop #e stirrer and lower the electrode 

8. Start the stirrer. 

9 .  Titrate the acid potent iomtr ical lg  with the standard 

24ao'rl solution, approximately 1 - N, miking the additions in L cm increments. 

Calculations: 

Locate the exact, end point by use of the following equation: 

End point, ml std. NaOH solut ion added = A - 3  I C D  - +E) 

in wMch: 
A = ~~~wdmmAp?H 

B ApX h&mecZa.t+ely preceding A 

c = A ~ H  hmediately following A 

D - increment o€ standard NaOH $ 5 l U t ~ O n  added in 

the  v ic in i ty  of the  end point, m. 

For exzmple from the following data: 

CR SM, weir 

of End Point - PH 
Added in Vicinity 

10 

11 

12 

13 
Ill 

it is found that: 
A =  
R -  
c -  
D r n  

0.60 
0.16 
0.15 
1.0 cm 
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1.2 

1*3 

1.4 

1.5 
it is found that: 

0 

220 

5 

D = O*l ral. 

%e sign of the &emf' is disregarded. 

Calculate the oxidizing power: af the sodim dichmmate front the equation: 

Oxidizing power of diohromte, as Ed of Ea,$r& E x F  
G x 6  - 

fa wili&i: 

E = ml standard FeS04 solution used 

B = n0lTnddty Of standard "et304 

G ml Of Sample, 
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Be Apparatus 

1. pl3 Meterp Beckram Industrial Ivi0delMP4, provided w i t h  a 

platinum and a tungsten alectmde, 

2. Stirrer, riiagentjc type, e lec t r ic ,  provided w i t h  pyrex glass 

sealed stirring bar, 1 318 int long x 3/8 in, dfatneter,. 

3. Buret, micro, 5 r d .  capacity, graduated 5.n 0.01 ml. A 

Greiner or  K i ~ k  type is desirable, 

2, Dilute to approximately 10 id, w i t h  distilled water. 

h* Pipet te  into the beakems an excess of standard potassium 

dichromate solution, detemibed frwi %he esthated reducing normality of the  

solution, 

so 
zapet fc  stLrrer, 

6. 

of the buret Tnto the solution, 

Place a rwgnetic s t i r r i n g  b a  i n  t h e  baker and start the 

St ir  for  five i29nuteso 

Stop t h e  stirrer; lower the electrode assembly and the t i p  

T B  Again s t a r t  the st.imer. 

8, Ti t ra te  %he excess K2Cr207 potenticmetrically wi th  t h e  

approxinately Ool - s t a n d a d  ferrous sulfate  solution, adding the solution in 

0-1 ml incrementa as t$ne end psirat is approached, 

Calculations 2 

Locate t h e  =act e11cf point of t h e  t i t r a t i o n  by either (1) a p l o t  of 

the  vo3,ime (ml) of a w d a r d  ferrous su l fa te  salu+Aotm added as abscissa PS emf 



A maximwn a errf, m~ 

B z emf b r ~ d i a t e l y  preceding A, KIT 

c = A errf imnediately following A, mtr 

D = increment of standard E'es0~ solution added in 

the v i c k i t y  of the  end point, ml. 

For example, from the following data: 

MI Stdo FeSO4 
Added in Vicinity 

0 

220 

5 
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The sign of the A e d  is disregarded. 

Calculate t he  % o b 1  reducing no~iitaliky of %he sample from the equation: 
(E X F) - ( G  x H) 

Total reducing normality 7- 
1. 

in which: 
E = ml standard K$r;rc17 added 

F a normality of standard K $ P ~ O ~  solution 

G n i l  standard FeWk used 

H nctmaUty of standard FeWk solution 
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I4 rnC1PLJI:  

Fluoride ion dM.rxLshes the red color which is produced when nThoronn 

magent, 1- (o-arsonophenybao 

thorium nibat& solutione 

concentraVmn, 

-2-wpi&al-3, &d&sulfonic acid, i t s  added t o  

The color dimunition is proportiom2 to fluoride 

1% is measured spectrophotametrical3.y at a wave length of 

545 yJ. 
13. STA'PUS - 

The method is appucable to the  detemdnsition of fnorga~e fluorides 

The factors affecting *e. colm in a9launte ranging fYaan 0 to 50 mie~og~ams. 

stability of the thorium eampltex, as uehl as htepferences and their e m n a t i o n  

have been discussad in de%ail(l), 

and is stable at room temperature for approximately 24 horns in the absence of 

The color is constant at pH between 0.2 and L O  





B.3 



7. Quarts chips, for still pot. Broken pieces af sanddfinfshed, 

puxe quartz tubing ore suitable, 
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m. p&ocmI;:RE: 

A .  In the Absence o€ Intesferirig Ions .. 
(4 1, Pipet 1 ml of standard thorium nitrate solution (100 b-Jml) 

i n to  a 10 d volunnetrlc flask. 

2, Add a volume of samplefb) c o n k i h g  10 to 50 r F- . 
3. Add 500 A conc. HC1. 

4. Rinse down #e sides of %he f lask  w i t h  d i s t i l l e d  wa%er. 

5. Add 2.50 of 0.3s "Thoron" solution. 

6.  Dilute to volume with  dist i l led  water and shake. 

cslls * 

9. Transfer the s a p l e  and reference t o  matched spectrophotometer 

10. Determine the per cent transmittance of the sample against the 

reference on a Beckman Model WBr spectrophotometer a% a wave length of 5b4 ry 
on the open positLon. 

Us Obtain -&..E fluoride-values from a calibration curve(@> prepared 

with the batch of flThoronn being used, and report  the value for the sample. 

CalLcuLation: - 
Let: A = quantity of fluoride in ztliquot,asdetermined €ram 

calibration curve, 

3 aliquot of su&.e, mZ 

Then: 
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3. In the Presence of interfering Xons -- 

convert to &he anhydrous acid. Contact u i t h  organic material or porous 

materials should be evoidede 

proof hood of special construction, 

The d i s t i i l a t i o n  should be carried oa t  in a fire- 

1, 

2. 

Place a. few quartz c h i p s  in the d i s t i l l a t i o n  flask, 

Pipet a volume of sarr,ple coneain;itig 10 Gc go b" F- i x t o  Wne 

c9is t i l la t ion flask, 

3. 

4. 

Seal the condenser Sntc t'ne f'lask w i t h  7% H C l 0 4  as lubricant, 

Place receiver tip i n  a 1: ~d. centrifuge cone containing a 

NaQH p e i l e t  dissolved in appraximately 1 d distilled watert-, 

5. By means of a 1 ml Mohr p i p e t  calKbsate6 in 0,01 r i l l ,  add 0.75 rcl 
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9. If the osciUations are Large &,just the dmpfng control. so that 

the oscillations are approximately LQ m hi&. 

10. A f i e s  the Brown Recorder and so2.u%ion maeh equiPibrium, 86 indicated 

by a pen Brawing a straight line on the chart, tuna on the Brl 

the beginning point on the chart, 

lriotar md m r k  

11- Record the polarogram mtfl the straight l ine diffusfan current 

portion of the wave extends f u r  at least 0,1 w X t 0  
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5. KCL-Agar Salt Bridge, Prepam by dravbg 'kke hat KCl-Agar 

solution up Snto a IEsng2;h of" Tygori tubing by use of 8 large hyprsderridc sFfnge. 

6. litrogexl Gas Wash Wain, consfsting of four gas wash bottles each 

containing 200 mZ of a q w l  ~unraunts of sa lu ra ted  HITkCX and taco IW.&B with a few 

strips of copper immersed %n solution. Place 6 p1 li$3Q4 and ~.&&yl red indicator ia 

a fifth wash bo t t l e  to absorb NH3 from the previous botkles. 

tuna p l l o w  when the ~ S 0 4  has been neutrslize6 and should be replaced. 

glass wool in a sfxth bott le ,  t o  serve as a mSst;uwr trap and connect this bottle 

- 
The indicator wi l l  

Place 

i n t o  the reductton cell ,  

2 ,  

3 0  

Bubble scrubbed nftrogen t.hmw t h e  solution for 

Set the span p o t a n t f d  at LIO volt. 

ten minutes. 

4. Set the sensitivity s c d e  8% 2 r n 1 c ~ o ~ a r e s ~  

Set the dmrp contrcil so *a% the owi i lb t ione  w e  about 10 to 17 mm 

high when the ce l l  fs connected. 

6. se t  the. slide wire at zeros 

7. Bemove the nitrogen Met; tube from the soXution to a position gust 

above the solution. 

8. Disconnect t h e  tal-1 electrode. 

9, Adjust the zero h o b  OS the  po?ieurogr&ph so that the pes mads 

approximately LO on the chart. 

10. 

11. Connect the ealorncsl electrode,. 

Wait until a s t ra ight  lfne has been dram. ThSs farms %e base l k e .  

fdMwdM 
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ELECTROLYSIS CELL ASSEMBLY 
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NOT CLASS1 FIE0 
DWG. IO716 

50 Y Hg++BrnI 
0.1 HMOs 
SENSITIVITY = 

2puBFULL SCALE 

CHART TRAVEL AT ZERO POTENTIAL 4 

TYPICAL POLAROGRAM OF MERCURY (a) 



I. 

ana 









s. tYB sa3q 

. . . . . . . 



10 * 6 
6-1-51 

1st Wave 2,0 125 
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NOT CLASSt FIE0 
DWG. 10717 

T 

I I I I 
-0.2 -0.3 -0.4 LO -0. t 
POTENTIAL, VOLTS 



in $he second @ria poin t ,  A second end point is reached 

is oxidized from the (D)to@)sta%e. The difference in 

t i t e r  value. The titration is nade at, a Lempwatrtras of 

raosphere 

A special  "r,rtrfiteter is enployed tshieh u t i l i z e s  

when all .  of the waniua 

the end points is the 
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addition of the water. The green Wan~us suUate shmld haye c?Assol.red. Transfer 

illustrated in Rpx. 
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300 nl spov tle s 5: beaker 

by acid wash, 

When the  sample is at a boil,? move the: tLtrat ion beaker wader 

the  Jones reduetar, cover with the  rubber E-topper, and pass the chromous 

so lu t ion  into t h e  sanqPe, 

number. 

Reverse the po la r i ty  and t i t r a t e  to second end &xord 

counter nurnber . 



3: A - B  
T I 8: loo B p  F 

Let: 

Then2 

BJotes: - 
( a )  The 

(b) The 

tihe potentioneter, 

(4 
is no% involved in 

Natural uranium content of enriched sample, per cent = 

(d) This end point  is rmrked by <a sb.thr inflection of the  galva- 

norr?eter but di f fe r ing  in degree, 

ferric sulfate rapidly u n t i l  a reading of 200 ra i l l ivol ts  is obtained, whereupon 

idhen approaching Wza second ~ n d  point, add the 
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add the t i t r a n t  in discrete hcrements, each addition equal to 2 m b e m  on 

the counting dial. Wke readings on tkae galvanmeter after each addL%iun, 

The end p o b t  will occw close to 300 millAvolts and c m  be calculated by 

noting %he sharpest break in millivolt readingsll 
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HYPOOER M I C 
SYRINGE 

TITRIMETER ASSEMBLY FOR POTENTI 
TITRATION OF U R A ~ I ~ ~  W1TH Fe*(SQ4)3 



ASSEMBLY FOR POTENT1OMETR1C 
TITRATlON OF URANIUM WITH Fe,(SO,), 

a 



not better thm 85 per cent. 





L e  

swil.X t e s t  tube 

2.3 

3* 
4. 

5. 
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voltage swlteh a t  the sight of' %he panel, 

3, Botate the cam3.e~ of the FTuorqhotometsr md h s e r t  a serfe;es 

af sodim fluoride futisd blanks into the numbered slots, l e a v w  the first hole 

clean and vacanto 

4. Rotate the Eo. 1 empty slot t o  the msasuremnt positfan. Set the 

coarse sens i t iv i ty  indtcator a% "2" and t he  f h e  sensitivity indicator at "On. 

Check lo m e  whether the gdvonome2;er reads*'O''o 

it dwso 

If not, adgust the zero knob until  

iwihwmm 
I------ 





Calcula$Ions 

Let:: A = B Sl r 
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ro,OOO - I. I. . . L Y  I 

URANl UM- FLUOROPHOTOMETRIC DETERMINATION 
TYPICAL C A l f i 3 R A T r n ~  ci :WE 

IO 









1 oc 
9c 

8C 

7c 

6C 

5c 

* 
0 
2 a 

E tn 
t 
Q a 
t- 
t- 
2 3c 
W 
0 a 
W a 

4c - 

2c 

IC 

VOLUME IN ML 
OF STANDARD 

0.5 
I 
2 
3 
4 
5 

9 2 . 2  

URANIUM-NX4SCN SPEC 
TYPICAL C ~ L ~ ~ ~ ~ T ~ ~ ~  CURVE 
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to its nit rate  pr ior  to extraction is it primary requisite, 

ether extraction. 

by any accepked method. 

The uranium ccmbnt  of t h e  extxrtdt C2i i  %ken be deterrriined 

A gravimekric method is no% recmw%.ded because other 

elements m e  extracted t o  some extent, Rodden(') gives an excellen% discussion 

of interferences in the  e&er extraction of maniuaz and the ~ o s t  satisfactory 

methods of analyzing the ether extract according %a t h e  interferences present. 

This discussion should be read, 
* 

References: 
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-- - - - * - -  

When the reaction i s  complete f i l t e r  and standardize *,he filtrate with sbndard 

cer ic  su l fa te  solution. 

4. Eiitric Acid, 0.1 N HNQ3. Dilute o O s  ml of 15.4 E$ acid (69% HHOj) 
I - 

to 1 liter w i t h  d i s t i l l e d  water. 

B. Apparatus 

1. Extraction Apparatus, ahown in Apxr L and consisting of: 

(a) 

(b) Extraction colmin 

(c) Ether reservoir 

P i p e t s ,  10 ml, and -micro, Z ~ O A  capacities 

Stripping funnel, 125 KA capacity 

2. 

3. Flask, volurrietric 25 r a l  

n. mOGmm 
CAUTION - The use of d i e t h y l  ether i n  this experiment presents a fire 

and explosion hazard. For instmctLons on its safe handling see Reference 2. 

Preparation of' Extraction Apparatus 

Before starting a series of extractions, c l e m  the co lwm with 1:l %BO3 

and r"inse it w i t h  distilled water. Clean the stripping funnel, wipe the stop- 

cock dry and repease it with silicone stopcock grease. 

saaples, do not d i s ~ m t l e  the column; drain the first sa;rple froiii Loe columi, 

r inse the  column twice w i t h  distilled water and proceed with Step b of the 

ext;rac ticm. 

&en runnLing duplicate 

- Extraction .I 

1. Close the stopcock on the stripping f-mncl, p i p t  in 20 :UT of 

0.1 - N HMO3 and attach the f la sk  to t h e  eoltunln w i t h  a chap .  

2. F i l l  t h e  sect,ion of the column below the f r i t b d  d isk  with &he??. 

3. Check the ether  l ine frail the reswvair  ?;o the  column and remove 

any bubbles. 



.."---I- 
& - 3  
6-1-51 

5. In the analysis of samplss containing pluto&m, acid 250h of 3 E 

ferrous sulf'amab e 

6. 

the extraction column, 

7. 

Pipet the specified sample afiquot tapproxhatdy 5 0 0 2  U) inb 

Fill the  extrac"c;ion column to just below the sidearm w i t h  2,3 I4 - 

8. Open the stopcocks on the ether reservoir and on the sideazm of the 

stsipping flask. A gentle suction on the str5ppbg f l i s k  is usually necessary 

to start the flow of ether through the column. 

the vmum to prevent #e stripping solution from be- sucked back into the 

extraction section, 

Care snrst be emrcissd in r m o w  

9. Continue the f l o w  of ether until 100 ml has been caught in tase 

stripping flask. 

10. '6u-n ttze sbpcock on the stripping flask to a closed position and - -- -- --- 
turn off the stopcock on #e ethe? reservoir: 
-e- 

S k i F p b g  : 

1. Remove the skrippj-ng flask from the extraction column and stopper it. 

2. Shake for 4 t o  5 m b u b s ,  remove t i e  stopper carefilly from time t o  

time to relieve any internal pressure that has been hilt up. 

3. 

4. 

Allow the phases t o  separate, 

Drain the lower phase inta a 25 ml volumetric flask. 

s9 Add 5 ai9, of 0.1 - H and repeat steps 2 Wrough 4. 
6, Discard the ether through the top 04 the flask, rinse the flask 

w i t h  5 ml of d i s t i l l e d  water. 

vo1urnetri.c flask. 

Add %is rinse to the solution in the 25 n i l  

7. 
boiling water 

Heat the f l a s k  cardully and w i t h  constant s t i r r i n g  in a beaker of 

until a l l  of the! ether has evaporated. 



... ... 

d i s t i l l e d  water a 

9. Proceed w i t &  t h e  nethad 
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The first, radimetric ~inazgSis, invalves the detmdnation of the weight of an 

element by meastcrement of its radioactivity, w i t h  previc~us Icnmlefdga of specific 

ac%ivity* 

by isolating the U frae froa other radioactive elements and counting t h e  alpha 

activity. This me#od is closely analogous t o  co3.mJme.t;ric and voZurnetrie de- 

terminations. 

invalves the determination of the radioact ivi ty  due ts a given element in a 

mixture of radioactive elmen%s+ 

activity or in terms of percentage of the total &.xed ac' t ivit ies due t o  the 

element in question. 

element, one is genera1l.y. not concerned with the weight of inactive isof,opes af 

the slemnt present. 

In this inanner %he weight of U present in a m i x t u r e  could be deta-d 

The second type of radioohernical analysis, activity maLysis, 

The results may be expressed as absolute 

In the determiriation of the activity associated with an 

It is not usually feasible  to i s o l a t e  quantitatively fo r  measurement the 

submicroscopic axnownts of a. radio element which occur in t he  samples which we 

ordFnarilJr must work uponb To the  

sample a known amount of the desired element is  added as an inactive carrier. 

By or&.nwy chemical methods the element is then separated fram the mixture and 

purified, 

final precfpitate is determined, 

In general a carrier technic is employed. 

The active atoms accmpany the inactive, and t he  activity in the 

The &noun% of carr im recmered is measured and 

the chemical y b l d  of the fraction of atams, active and inactive, recovered i n  

the ch@mical. manipulations is then used. t o  eclrreclt, the observed activity of the 

final precipitate t o  lW% recoveryl 



such 

with 

IT * 

A .  General Discussion 

The presence of c a ~ i e r s  fa r  a l l  %he elements rriakm p x l f i c a t i o n s  rfiore difficult, 

as a. rule, since greater corztminaticm of precipi ta tes  oce-uz"~. A 





Element 

Ba 
sr 
zr 
Cb 
Ru 
Te 
MO 
Cs 
P 
Y 
Ce 
La 
m-Nd-61 
93 

--gopyarlT 

Table 1 

(10-11 mg T o t a l  Absorplicsn) 

120 d - Nd 

9 005 
18 23 

7 3.2 
1.2 3 
2.6 3 
1.0 c,6 
0.1 
012 0.8 

_c 

- 

re The relative importance a€ the natural (mt) activi-by of %e U depends upon 

both the age of the material and t h e  intensity of bom'bar&mh 

% e ~ . a t i v e ~ y  b r g e  amounts of I are easily lost. Dissobed metal is u s u a ~ y  
lower in I content than bmbarded UHIl- 

Table 1 shms t h e  !percentage distribution of beta activity among 93 and the 

fission elements in nielcal or UPaEJ. bombarded for relatively long periods of time 

(lO-lOOd) arid coolcd various lengths of t h e +  The data a r e  derived from Era& 

and Coryell (CC-643) and Rubinson, Metcalf, Seiler, Steinberg and Winsberg 

(cc-2658). All t h e  eXperiaenta1 work was done wi th  l O - l l u n g  t o t a l  absorber and, 



in the second study, negligible amounts of self-scat%ering, 

contribution in each study was less than that assoelated w i t h  the s-landardl 

watchglass mounting technic. 

dis t r ibut ion is somewhat a function of bor;lbar&nent tine. 

data should not be expected t o  agree c%aetJy with experhentczl findings using 

the methuds in th i s  manual., but the relative orders of magnitude should agree. 

The backscattering 

1% ahodd  be remmbsred, too, t ha t  the a c t i d t y  

For these reasons the 

In Table 2 is given an estimate of the appraxiaate parcenbge d€st;.Pibu- 

tion af effective gama activity for the same material as ?m Table I- 

the data has been adapted from K-6b3 (counting .through L 9  g of Pb) and 03-2658 

(counting with the s;ample between 1,7 g slabs of AI) 

Most of 

Table 2 

Percentage Distribution of Effective Gamw Activity in Active UPJW After Various 

Periods of Cooling 

Element 

La t ?&l 
Zr 
Cb 
Ce 
Ru 
Te 
CS 
3 

3 
8 
0.5 
2 

313 
27 
23 
L 
5 
L O  
0.1 
1.0 

3.20 d 365 d - 
4 

32 
48 

9 
7 
0.1 
Q.5 - 

0,01 
21 
L6 
23 

3.7 
0.02 
5,s - 

Since those data were taken before adoption of the standard "gama 

sarxjwichft, t he  results differ ssmewhat from what uOUld be obtained now 

The observed gamma counts contained. a substantial contribution 

due to Bremsstrahlurngen and scattered beta radiation, an effort  has been made 

i n  preparing the table t o  allow for this and it is hoped that the values given 

are not seriously far from truth. The dist r ibut ion of lOd was calculated fram 

a number of discordant sources and has been adjusted t o  Z;he writer's prejudice 

by free application of interpolation, extrapolation and intuitive weighting. 
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Counting of beta a d  gamma actfviLiea is done by means of a standard 

thin windared Geiger-luiulaar c o ~ n t e r  w i t h  scaling cbctllLCU m d  recarder. 

technic is quite siailar to tha t  described in PEG l@2. 

possible, t o  give counts satisfactory for fireasweanend op1 the B ~ C Q &  shelf of 

&e standard counting arrangemato 

1 Snch watch glasses for mountinge 

a radiant heater mounted abaare the watch g h s s ,  because? heating fY0m above Causes 

less spattering than heating f ronl  below, 

H3m4 
watch glass, 

leaves a noa-hygroscopic residue of potassium salts. 

The 

SmpXes are chosen, if 

Liquid s m p l ~ s  are etrapsrat~d de dryness on 

'Pha e ~ a p ~ t r a t b ~  Sa best done with the aid of 

%en s ~ ~ u s i ~ ~ o n s  ccn%a%nfng B2&4 or 

are t o  be evaporated, a cqmtal of KH03 is added to &kia s~Jntion on the 

This results in vola t i l i za t ion  o f  KwO3 drving evaporation and 

Before counting, .the watch glass is rnounbd on a stiff 3 4 inch x 

2$ inch card w i t h  il 1. 1/16 inch round h o b  in t h e  center, 

placed on a flat surface, 8 2 inch x 2 inch, thin cellophane sheet placed over 

it and the card pressed down f r am above SQ khat the watch glass, now covered w i t h  

the t i gh t ly  stretched ce22ophane, rises through the holee 

of gummed papar or Scotch tape is then placed an t h e  bottmi of the card, sealing 

the watch glass into place (Apx+ 11, 

suppart and good centering f a r  the sample and prevents C O X I W ~ ~ ~ ~ Q ~  of the  c a w t -  

ing equipnent by loss  of the sample, 

The watch glass fs 

A 3 inch. x 2 inch s tr ip  

?'his aiethod of rr,ounting suppUfss f i u ~  

D- Geometry 

The observed eounts obtained w i t h  both beta and ganuna active samples 

are quite dependent on the georaetry factor at which t h e y  are counted. h p i r i c a l  

factors may be used to convert cour-~tirxlg rates from shelf to shelf. 

noted, however, -that these fae te rs  are not highly reXiatble since they vary with 

the hardness of radiation and the scattering in UfferenP, types of niounting and 

should be used only for approxjmationa unless a special study has been aide. 

geoaet3.y faactor is determined try counting the so-c:alled gewsLxy Btandard, a 

Xt should be 

The - 



A, Backscatterina 

The material on which a saanple is iii 

t h e  observed counting rate due t o  the phenoaenon L m w :  as backscattering. 

particles traveling in a downward c b e c t l o n  a r e  scst,tered (reflected) back up- 

ward into t h e  counter window. 

the energy of the radiation and the atomic number of the scattering material. 

Beta 

The observed b a c k s c a f b r i n g  is a function of both 

Engelkemefr (PiiJG-NS Moa 312) has g i w n  cu1"ves showing the increase i n  

the counting rate of samples of various fission isotopes aounted on increasing 

thicknesses of mica, The iiiaxhm increase i n  counting rate is 1G to 15% for 

weak beta &t%ers *ad 10 t o  20% with higher beta ene~gy~ 

various beta emitters nlovnted on Winf"ini%ef* thicknesses or various backing materfals 

is Shawn as a function of the atoniic number oi the m.mnting material. 

moderately strong beta emitters (about 1 &lev,) the observed counting rake, With  

reference to zero backscattering as LOO, were about L2, lBd3js4 l.s.5, 1.70 and 

1,80 f o r  Be, k l ,  Cu, Cd, and Pb respectively, 

The backscattering for 

With 

It is seen, therefore, t ha t  it is necessary that different  samples 

have the same so r t  of mounting in order that they may be canpared, The complete 

elimination 

unnecessary 

of backscattering is inconvenient and f ~ r  m s t  practical  purposes 

It is sufficient to count all ~ ~ i p l e s  under identical. conditions of 
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backscattering. Since l iqu id  samples are mounted 
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by evaporation on watch glasses, 

it i s  desirable t o  mount so l id  smples an watch glasses as well- 

venient to do this in the following raamer. 

It is most con- 

The fi l ter  paper circle is  fj3.s.t weighed on a small watch glass, t;ke 

zero weight being taken as the  weight of the two together. 

washing, and drying w i t h  alcohol and ether, the filter with i t s  precipi ta te  is 

returned to the same watch glass for  desiccator drying, weighing and mount5.ngd 

If a precipi ta te  is t o  be oven-dried it is eas i e s t  t o  put  it i n  Rirsch and all. 

'&en dry,  the paper is transferred t o  the watch gJass: whLci?, "being cool, can be 

weighed immediately. 

most simply done in an unweighed crucible. 

is then weighed, the  residue easefully transferred %o a watch glass for niomting 

and the weight of mounted residue determined by reweighing the emptied crucible, 

After f i l%rat ion,  

If a precipi ta te  must be ignited before weighing, it is 

The crizcible ~xith the  ignited residue 

Instead of using weighed f L l b s  circles, one may transfer the dried 

precipi ta te  from the  f i l ter  paper t o  a weighed watch glass and weigh again, 

This saves time i n  preparing papers but may give a less even dist r ibut ion of t h e  

so l id  over the watch glass, 

B. Absorption 

The amount of absorbing material between sample and counter is 

another factor which must be kept constant if samples are Lo be compared, 

sorption i n  measurement of beta a c t i v i t y  i s  ineaswed i n  milligrams PEP square 

centimeter of absorber. 

i n  grams per square centimeter of absorber, 

reported as ng or  g, unit area being understoodo As a first srpproxbaticn it i s  

assumed t h a t  absorption depends only on t he  mass per unit area and -khat all sub- 

stances are a l ike  i n  this respect, This is no t  exactly true but f o r  elements 

of r e l a t ive ly  low atomic number (3-18) the error introduced is ai l i t t l e  con- 

Ab- 

Absorption in rnoasurerrient of ganuna ac t iv i ty  is measured 

The absorber thicknesses will be 



sequence. The absorption of the counter windwkr i s  

cellophane cover about 3 mg, and of i .2~ a h  2+'? mg 
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usually about 3A5 mg, of" the 

t o t a l  effective absorption on the second and t9iirtf 5helvepir is about 9 and TJ mg 

re spec tiveLy. 

If an a c t i v i t y  i s  mounted as a precipi ta te ,  the prec ip i ta te  itself may 

contribute to the t o t a l  absorption of t h e  c o w t d i ~ g  armngernent, 

sorption could be corrected f o r  as simply half tihe weigh% of pre@ipftat& per 

area were it not for  t h e  compensating effect os' s~2f-scafrering~ 

i n  the precipi ta te  ac ts  as a seatLering mediwu j u ~ t  as dues t h e  backing rwt,erial, 

increasing the observed count, 

the m e  amount of activity is mounted w % t h  suc@es~ios3.,;y greater anom^ts of 

carrier precipitate, the observed count increases due tu self-scattering, goes 

through a 1;2axSn;Um and then  fa l l s  as t h e  self-absoTption fackor  begins t u  be felt;. 

Experiments by Gt Sadowski and H. A. Mahfinan have s h m  t h a t  011 watch glassesg the 

r i s e  may be of the order ~f 3% wi th  the maxinizuri ueruaJl..y between 15 and 20 ug of 

so l id  matter present. 

t h e  density of the precipi ta te  and whether -the ac t iv i ty  is deposited in or spread 

on t h e  par t ic les  of  sol id .  

arrangement so that all samples w i n  have the s m e  self-scattering and back- 

scattering contributions $ but as a first approximation %he f o l l w i n g  conventions 

may be enployed, 

of cerous n i t r a t e  to supply aptimm self-scattering, and self-absorpt~on ccmipas- 

able t o  the m o u n t s  of precipi ta te  usually rnownt,ed. 

watch glasses as allready described. 

absorption 00 rrection is disregarded, being more ,than compensated by #e self- 

scattering introduced. 

excess of ?O mg is considered in making correct ion EUP self-absorption, 

This sax-ab- 

The s o l i d  matter 

Ehgelkemeir and h2.s 

The magnitude of the  effect  depends an the beta energy, 

It is no% possible t o  s e t  up a simple uniform mounting 

A1.1 liquid samples a m  e v a p o r a t d  0x1 watch glasses w i t h  20 mg 

solid s~mpl%es m e  moiulted on 

W i t h  1Q Lo 30 .o~g of precipitate, the s e l f -  

For precipitates wei.ghirsg n l o m  than 30 f ig?  the weight i n  

One-half 
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the excess weight of precipi ta te  is divided by tihe? area mer which the solid is 

assumed t o  be uniformly spread and the r e su l t  considered GCl be the effective 

self-absorption. For a five-eighths inch (16 Lo 17 mm diameter) f i l t e r  paper, as 

coniionly used in this work, the self-absorption of a uniformly spread precipi ta te  

is thus calculated t o  be a h o s t  exactly one-fourth of the t o t a l  excess weight. 

The! average weight of a mounted precipibte obtained by the procedures i n  th is  

manual is betkfeen 20 and 3 ng which. would make 'the effective t o t a l  absorption 

for a mounted sample about 10 mg. 

i s  known i n  the region between 0 and 50 mg, it is not  AifficuJt La correct the 

observed count t o  any chosen standard t a b 1  absorptim for comparison with other 

saq&sb 

a1-m absorbers may be added on top of the sample t o  bring the t o t a l  absorption 

up t o  the standard amount and the sample counted direct ly ,  

N. E l l i o t t  (CC-1204) have shown that the r s h t i v e  positions of the sample and 

absorber affect the counting rate. Absorbers placed very close t o  the sample 

19 %he absorp-bion curve of the maulted ac t iv i ty  

If the ac tua l  absorption is less than %he c k ~ s e n  standard amount, 

T. Be Psovey and 

give greatly augmented scat ter ing analogeus t o  self-scattering, 

For the purposes of these analyses, the standard t o t a l  abaorptdon is 

taken as 30 mg/sq, cmb f o r  beta counting* 

sorption due t o  window, cellophane, a i r ,  and self-absorption is  calculated and 

Thus, for every sample, the t a b 1  ab- 

enough alzu-t-hum placed on top t o  bring the t o t a l  t o  30 lrig f o r  counting. 

or ig ina l  gross beta s a p l e  i s  counted under the Saie conditionsc 

that the use of this much absorber results i n  t h e  relatively complete screening 

out of weak beta radiation such as t ha t  of 3.5 d Cb. 

it might appear, as these very soft hefa par t ic les  do not consti tute a source 

of danger or trouble, and axe therefore not of practical concerno 

fact, desirable i n  nlost W O T ~  t o  eliminate the effect of s o f t  beta radiations as 

they are v e r y  sensitive t o  small variations i n  the total absorption, 

some reason, an ac t iv i ty  characterized by very s o f t  beta radiation is t o  be 

The 

It is seen 

This i s  not as serious as 

It is, i n  

If, f o r  
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determined, the absorption of' a l l  samples involved 

The absorption of a given counter window 
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is uswl3.y determined by the 

maker and posted on the shield containing t he  counler, The absorption of a& 

is 2.1 mg between each shelf and about O,6 mg bekwsers the first shelf and the 

counter window, The absorption due t o  the cellophane used for covering samples 

should be determined by weighing a sheet o f  measured area. 

used for d i rec t  covering of saxnples, should be standamiized in the same waye 

Scotch tape, if 

c. Cohcidace  

The efficiency of a Geiger-MuUer ceml;rr falls off at high count- 

ing rates resulting i n  t he  observed count being laxer %harm the true. The error 

(coincidence error) may be determinid expsrhent;a.ZXF .fur  a given counter and 

corrections applied, 

0.5% per thousand counts per minute and fo r  Neher-Bqer quenched c i rcu i t s ,  

1.5% per thowand counts per rninute. 

count before subtracting background and should always be madee 

see HCG 1602. 

For self-quenched c i rcu i t s ,  the correction i s  approximately 

The correction is added t o  the observed 

Far a, discussion 

A simple method of determining coincidence corrections has been 

described by R. P. Betcalf j.n CP-2582. 

D. Standard 

The c a n t s  obtained frai day t o  day on a standard sample w i t h  

a given counter are found t o  vary up and down within a range greater than is 

expected Prom s t a t i s t i c a l  eonsiderations. 

m u s t  be normalized t o  a standard, 

twice each day on a given counter and all counts taken should then be multipUed 

by the factor necessaq t o  bring the  observed count of the standard sanple t o  

the accepted value. Thus, If the choetsn standard (on t h e  shelf" for  which i t  

has been made) counts 51% cts/nin whilb %he accepted value is 5300 cts/min, 

To make all. counts coiiipasable, they 

k standard sample should be counted at least 

aU. counts taken at that time should be multiplied by the factor (5'300/~1~0). 
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E. yield 

The ernplopant of the carrier technique pet-nits an ast5rnation of 

the chmical yield from the mdiochemical activity analysiso 

carrier recovered is rrieasured. The chmical yield of the  f ract ion of atans, 

active and imctj.ve, recatrered i n  the chewrfcal r t inlpuht ions is then used to 

correct the observed a c t i v i t y  of the f h a l  precipi.f;a.P;e to 100% recovery. 

The quantity of 

The fo;llmLng rutheniun; deterioination is a typical exmiplez A solution 

of nllxed activities has a t o t a l  beta act ivi ty  of 4sj3,c;OO ct,s/m,in/d~ 

of sample is added 20A mg aP Ru and by appmpriat,c c.kmical l a in ip l a t ions  the 

To L O ( )  r d .  

F. Decq 

It is frequently necessary 

at sorue time other than the analysis time. 

is known, t h e  correction may be made using 

l o g  A log A, 

where A is the activity a t  any time, A, is 

to haw the a c t i v i t y  of a consti tuent 

If the half life r;f the constituent 

t h e  r:Adioactive decay law, 

the  activity a t  analysis time, T * 
the  half l i f e  and t, the time difference in %he same unitse 

graphical method is very convenient if many correct ions are to be made. 

Appendix 3 gives the taw of the carrection factmi F, in t h e  equation- 

The followin& 

(ac t iv i ty  a t  camparison t h e )  Q (ac t iv i ty  at ana1ysis time) x ip), 

against t he  number o f  hal f  lives elapsed between the cmparison t h e  and analysis 

time, which is assumed t o  be l a t e r .  

camparison tin?e, the factor, Fa I s  divided inti; instead of m l t i p l i s d  by the 

If the analysis t h e  is earlier than t h e  
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1 - 1 - d -  “1, 

activity a t  analysis time. 

activities decay by the  5me f rac t ion  in the sane n m b w  of half-lives (see 

cia-i3lt;?). 

due to the daughter m y  a lso  have t o  be considered. 

question are long, t h e  error over a period of a few hours xiray be negligible. 

The bas is  of t he  n:etElod Lies: in the fact tha t  all 

If an activtty being determirled has a-i active daughter, %he activity 

If the haU-lives b 

If the half-life; of the daughter is quite short, it is usually EOSL 

t o  count, the sample when the daughter is grown i n t o  the equilibrium 

parent 

cunvenjent 

with the 

IV. REPORTIBG UP RESULTS 

The r e s u l t  of  a radiocherrical ac t iv i ty  aml.y.c,ia is conveniently reported 

as counts per iidnute per ri,g or ml of tfie starting smple o r  in terms of percentage 

of t o t a l  beta of gama activity of the n:jstturch 

the report form shawn in Apx, 2, has n found mst convenient, It is printed 

on standard 4 x 6 in. filing cards which are easily fiandled and stored. 

two eolurms are for duplicate samples. 

CCC, CCB, CCS, and CCY are the counts corrected for coincidence, background, 

Hith many analyses to  be run, 

The 

$31 the card the abbreviations 

standard and yie ld  respectively. 
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Gamma rays are highly penetrating e1ect;rcQnagnetic radiation, analogous Sn 

properties to x-rays, They are not charged and therefore are not detectable as 

such by counting devices. The electrons ejected from matter by the passage of 

gamma rags ca-uae ionization which is then detected by the use, in this method$ 

of an ionisation chamber filled with gas under pressure. 

11* STATUS 
__II 

This method is applicable t o  Liquid 01" sal1d samples. ALiquots of l i q d d  

sanrples are pipetted into a center thSmble of an ion chamber filled w i t h  argon 

gas at approxbnately 30 atmospheres presswe. 

by determining the po%antial drop across a known high resistor by nieans of a 

Vibrating Reed Flectsmeter. 

Rsiorder 

The ionization current is measured 

The nsasurernents may be recorded on a ]Brawn Strip 

The principles and limitations of the ion chamber mathod of gama activity 

measurement, as well as .the development, calibration and use of the 1CX$ geometry 

Ion Chamber are 'discussed in the references. 

References: 

1- GemetKy Ian Chambern, PlIorkr-399, ( W c h  20, 1948). 

2, Rodden, G 1  J., Analytiqah Chemi&ry of %he i4arh t t . a  Project, Ch. 28, 

McOraw-Hill ,  New York (1950) 

3. Glasstone, S., Sourcebook on Atan& Energy, Gha VI, Ban Nostrand, 



A. Reagents 

1. Radium Soht icn  Standards, 0,2 to lW/ug Ra. Supplied i n  ampuohs 

by the National Eureau of Standards, Washington, D. C. 

B o  AppW8tUS 

1. fan Chamber, high pressure gam&, 1- geometry type. See Apx. 1 

and 2 and Ref. 1, p g s .  6-8. Also see drawingst 

D-3372 A Assembly Drawing 

P2799 

E-3793 Special Cables and Fittings 

D-31?3,-&,-5 &tail *8WiZ lgS 
Make-up of Assembly (Shielding and 
H-sfng)  

i n  files of the #tNL Imtnunent Division. 

2. Vibrating Reed Ele&rsm&er, Model 30, A.E.C. Contract No. 

AT-40-Men-724, available from Applied rhysics Gorp, 30 Yest Qreen St., Pasedena, 

C&lifo See Apx. 2 and the oian@acturerts rlInstructlon Wmal f o r  Vibrating 

Reed Xlectrometer Nodel N, Serial Lo. 20kf*. 

3. Pottentimeter, voltage range of 0.1 t o  1.0 v., supplied by the 

Eubicon Co., Philadelqhia, Pa., Cat. Eo. 2731. Operating instruction are aktached 

t o  the instrument. 

b. 
M. ITRamm 

Test Tubes, A”yrex glass, 21 inch length x 1.5 inch i.d. 

A brief description of the inst-ent ccgltrals follaws as an introductian 

to the procedure for maswing gamma activity by the Hon Chamber method. 

The controls  which are used to carry wt rieasurements on the ion chmber 

am *he scale selector,  voZtm@ter range control, potentioncter c1ecad.e and s l i d e  

w i r e ,  an6 z;he c?tamber grounding w i t c h .  

‘iiw scale selector~or grid leak selector is located on the face of the 

vacuum contiliner which is situated beneath the ion chmbr .  The selection of 

grid Sere is determined by the intensity of the  sample to be measured m d  the 
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0 method of measwment. 

109, I&', and lQu f o r  the  null. point reading and 

measurements 

The scales i n  order of decreasing in t ens i t i e s  are 10 , 
and "opentt for  drift 

The voltmeter range control is  located on the right hand side of the 

Rubicon potentiometer, 

scale selector  is set a t  1130 mv, 

against, a standard c e l l  Xn the potentiometer. 

%e set t ings are 10 r n ~ ~  100 mv, and 1000 in& when the 

'Phe potentimeter should be checked occasionally 

The ion chamber when not in use is kept grounded, and is ungrounded only 

during a raeasurernent. The switch is of the toggle type 'and is located near the 

f ron t  on the l e f t  hand side of%he chamber 

The potmtiurneter decade and slide 

meter box. The decade switch has set t ings 

of 011 volt. The 1,1 vePt posi t ion is not 

accurate readings. The slide &re permits 

to 0.1200 volts and con be added t o  the decade reac3ling. The s l i d e  WAY@ can Ba 

m5wt. 

wire are par t  of  the standard potentio- 

from 0 , l v o l t s  t o  1.1 vo l t  i n  steps 

Lo be used afs t h i s  m y  lead t a  in- 

reading to be made from 0,0000 vol t s  

used t o  s h i f t  %ne Rubicon potentiometer inclicatola t o  any convenient par t ian of 

tiha scale or t o  zem. 30th the slide wire and t h e  Brm indicator cover the 

SrnE range. 



( e )  

each on the ~espactive scales. 

and check the resu l t ing  value against %Le c a u b r a h d  results, 

is greater than 2 per cent, check ~5.t;h the  superVisOIPa 

Insert t h e  radium standards i n t o  bhe Ion Cbrambw and measure 

Take each ~ra lue  less %he bt-kgyow-d cf the scale 

If the variation 

2. Pipet an aUquot of the esamgsl.e in to  a glass  test  t u b .  Keep the 

l iqu id  level of #e saiiple less than 6 inches in height, 

3. Lower #e sample, contained 3n the test tube, t o  t h e  bottom of 

another glass tube 21 inches long x 1.5 inch i.d. by' means of a string or *e, 

ancZ then place both b the thbbfe  of the chwbetne 

b. Set the voltmeter range coa%rol on 3% mv ( the vaLtaneter range 

control has ssttLngs of" 1, 10, IO0 and 3..@30 m), %e resistor of the potentimeter 

a t  OeQ volts, and %he scale selector of tihe Chamber an the W 8  escal.eo 

s,, Unground. the fan Chamber by turning %he switch &icb connects the 

Ion ChwWp to the VSbmting Reed Electrmeter to the W P  posit ion,  

voltmeter reading is off scale an the high side, the sample is too strong for 

the iristrument,. If the voltmeter reading I s ;  021 &e Beale, increase the voltage 

on the potentiometer in steps of 0.5. v until %he voltmeter reading is less than 

10 mv on the  scale. Change %he range controP to 300 nr$ and take the reading QE 

the uoltaeter. 

volt, s e t  the scale selector on t he  next higher resistance ( X l ~  3cale), 

the range control to 1000 rrr$ and *he pofientimet-er resistor to 0.G volts and 

repeat the operatian, going successively from scale t o 3  scale u n t i l  a reading on 

the v o l b e h r  is ob*~in&. The mading t a  be repwked is We gum i n  millivolts 

of the  readfng taken from the res%estor swi.t&t ean $he patentimeter and that, 

taken frm the Vibrating Meed l?AectrmieCeP, 

If the 

If %hlie reading obtained w i t h .  a e  la8 resiistm is lms tbm G,J, 

Reset. 

Calculations 

Let: A = sag&? reacEng, MY reading of potentimeter resistor 

switch c readrirng of Vfb~atfng Read Electramtier. 

B background reading, mv 
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2. For samples ~f we& ac t iv i ty  proceed as PoZZawsl 

time in seconds, Do not use drift blxe less than 15 seconds since it w i l l  have 
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Ab Reagents 

2, Sodium Kyckaxide Solution, HaOH. Prepare by dissolving 10 g 

XaOH, analykical reagent grads, and d i lu t ing  t o  100 ri w i t h  &.stilled w&ter* 

3. Ruthenim Carrier.. Bepare by dissolv&g 28 Q of conmsrical 

ruthenium chloride (miXtwe of hydrated di-and tetra-chlorides) and d i lu t ing  t o  

P liter with distfJlee3. water.  S k f i d a r a z e  as foXEuwsr 

Pipet 5" m3. OP carrier b t o  8 250 a1 Erlemeyer f l a s k  and add 

25 ml of water and 2 m3 WC1. 

ing  after each addition. 

untEl. the Ru is well eoagda%@cl and t he  supernate is elear and C Q ~ C J Z " ~ ~ S S ~  

Mg m y  be necessary to cm$et;s reductionn) 

Add g of  powdered t4g in slr;all portions, SW%P~- 

Add a few drops of ae~osol solution, and boil gently 

(More 

Add 10 in1 of He1 CII.----- and boil. two nAinute 
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i n  a tared sintered glass crucible(a) and wash three times 

each w i t h  hot water, alcohol and ether. 

of crucible. 

Dessicate as described i n  preparation 

Express standardization as mg. of Ru/ml. 

B. Apparatub 

1. Geiger-Mbler Counter, Scaler and Recorder, Model Q-762, avajlable 

from Nuclear Instrument and Chemical Carp., 223-W. Erie Street, Chicago 10, Ill. 

2, Znfra-red Lamp. 

3. Watch Glass, 25.m diameter, 

4, 
5. Cellophane Film, 

Cardboard Mounting Card, i l l u s t r a t ed  i n  Apx. 1 of Methad No. 26, 

In. mmmm 
b 

2, Pipet suitable aliquot$ )1 ml maxiam volume; S;OO to 9000 cts/min), 

as designated on the analysis card, i n  duplicate onto 25 mo9 watch glasses. 

2. If the samples do not have a so l id  concentration o f r . 2 0  mg in 
# 

the specified aUquot, make the folluwing additions in the order l i s ted:  

of ruthenium carrfer, 2 drops of saturated Ce(N03)3 solution, and 2 d r o p s  of 

10% NaOH solution. 

2 drops 

3 ,  Evaporate the samples to dryness under an infra-red imp- 

(Evaporate organic solutions under a light of low intensity until all the solvent 

is rmaved. Increase the intensity for the final evaporation step.) 

4. Nount the watch glass on a cardboard mounting card according t o  

the instructions given i n  Reference 1. 

fnsert the sample into the, second 8hel.f of the chamber (gearaetry 

N 10%) and count for four minutes. 

6, On the data sheet record the nurnber of registered counts and the 

number of scaler l igh ts .  



Gale da t ion8  

Let: A 

B 

c 
D 

E 

Then L 

aecepted c a t n t  value for std. 
observed count value for skd. slaildard, ces/ain. = 

again for  

0.2 mg is 

20 mg of 

ge m e  t r y  



1 2 3 4 6 7 8 9 . ,, 
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3118 m m m  Am mmm 
A. Reagents 

1. 8annoniwa Elydroxide, 15 I i4 

2. Boric Acid, sat.  H f30 3 3" 
of distilled water. 

3* Cerium Carrier, Prepare 

24X40E f e~f lc .  analytical  magent grade e 

Prepare by adding % g H €30 to 1, I f ter  3 3  

by dissolving 31 Q ce(~0~)~*63~0 and 

dilutfng to 1 liter with d i s t i l l e d  water, 

Standardize in triplztcate by adding 5 ml of the carrier and 20 naE 

Heat to boiling and add with s % i r r h g  15 mX saturated of water t o  a beaker. 

axaXPc acid. COOL in an ice bath lor ten mtnutes (cSoek). F i l t e r  in a tared 

crucibleCa) and desiccate as described in preparation of the crucible. Express the 

staxldardization fn mg of Ce2(C20k)2/~. 

4. Hydrochlorfc A d d f  (coac.) 12 and 6 M. Prepare 6 3 by d5Xuting - 

6. Iodfc Acid, 0.035 - I EUOg. Prepare by dissolving 61.5 g m03 and 

diluting t o  1 l i t e r  with d i s t e l l e d  water. 

7. Lanthanwn Holdback Gamiero Prepare by dissolving 31 g L ~ ( X O ~ ) ~ ~ ~ H ~ O  

and diluting t o  1 l i t e r  with Ustilled water* 

8. Ei t r ic  Act&, erne. ( ~ 6  M) and 6 Mo Wepare 6 W by diluting 384 tnl - - 
C ~ C .  Hwo3 to 1 l i t e r  with distilLed water. 

9. Oxalic Acid, saturated. Izrepare by- txddbg U-0 g H2C2O4'2E2O Lo 119ter 

of d i s t i l l e d  watere 

10, Sodium Brolesrte, 1 i?- Prepare by dissolving 131. g R&r93 3' 
and diluting $0 1 l i t e r  with distilled wa%ero 
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in 1 liter 09 dfst9;Ued water"* Add a l t t t l e  3.W to effect coq le te  solution, 3 
BO Apparatus 

L Gefger-Xaler Counter, Scaler and Recorder, Model Q-762, available 

from Nuclear Xnstrusent ant3 i;'he&xil Gorp,, 223-W. Erfe S t . ,  Chicago LO8 Illinois. 

2, Centrifuges clf*nicd. 

3. Centrime Tubes, 50 m.l. capacityb 

4, Lustemid Tubes, To al capaaCft;y* 

aliquot cnf saaaple (not over IO 

6 - Yl ECld 1 ml saturated oealic acid, and 2 ml 1Bb carrier* .Swirl. 

t o  boiling and add O,? g XBrQ ftJ smal l  portfons, boiling for a few seconds a f tm each 

addition. Digeert  five minutes; centrffuge, and discard supernatant. W a h  the Eb205 

precipftate by s%frrbg fnt;o it up to 10 911 of BB Wash Hoe le 

t o  boiliw; transfer to lueteroid tube; centrifuge and discard supernatwtB 

(b) 

cmc. Hloo ( V O ~ W  equal to sa3mpls voLunae), 1 ail 3 
Heat solution newly 

3 

Heat mixture marly 

If %he saapl,es are submitted in a hezone medim: 

Add. e q l e  aliquot, 1 mX 6 - I HC1, 2 

Stfpn mUa 

Malrs &e EBrQ add9tfan ma sont;fnue as 3 s  1 (a) 

saturated oxalic acid, 

and 2 lrrz I% carrieso 

add 4 ar2 @once Ba03. 

Beat t o  near boiling t o  volati l ize  hemne* Cool and 

3 
2. D~SSOPT~ the Hb205 frr 1 ml CMLC~ HF. Add 2 rril 6 HHO 1 mt Zr 

3 j  
holdback, 5 t91. watert swirl. 

one -&e. 

lusterold tubee To the solution aBd 1 ml. zr carrier, swirl, centrifuge, and disoardi 

Add droydsts 1 dl Ba(IS03)2 solution (50 %/a) s t i r  for 

Chtrifwe, discard %he precipitate, &canting the nruperntb.tant fnzIo a 



the pree5pitate. 
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by b&a esmt%ng, 
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4. Flagg, J. Fa, Rider, 3* F-, and Aadrus ,  W. S., "Methods of Chenical 

Analyses for Separation Process Resew& Unit. Part 11, Radiochemical Methods", 

- -3Q (July 7, 19%)). 

5. Kuney, J. H., "Perchloric Acid, Friend or Foe", Chem. and Xngr. Hews, 

- 25 1658 (1947) * 

III. RlkmmE3 m APPAlU.?ms 

A. Reagents 

1. Aerosol, O.T., 0.1s Solutian. Prepare by adding 0.1 g t o  100 rpT 

dis t i l l ed  water. 

Diatkyl Bther, (C;?H5) 20, anhydrous, psnalytics3. reagent pa&@ e 

Ethyl U C & O ~ ,  9% CeHjrgOlCn. 

Eydsochloric Acid, cone. (12 E )  and 6 ,M. 

c m c C  to 1 liter w i t h  distilled water. 

Iodine Holdback Carrier. Prepass by dissolving U g X I  and B 

Prepare the 6 - W by 

few NaHCO3 and d i l u t h $  to 1 l i ter  with distilled water. 

6. 

7. 
by disso~ving 1 

8. 

9. 

10 . 

Magnesium Retal, powderedt mu!lytictlll reagent grade. 

Methyl R6d Indicator S o l t M a ,  0.2$ in 60$ Ethanol. Prepare 
.L 

g nmSUly1 red in 300 ml C2H50H dflutbg to 500 ml W i t h  HzOe 

Perchloric Acid, TO$ HC104y aa l f l ica l  reagent gradee 

Phosphorlc acid, 8% H3P04, analytiaal reagent gpade. 

Ruthenium Carrier. Prepare by dissolving 28 g RuC13 - RuClh 

mixture and diluting t o  liter with distilled water. 

Standardize in triplicate by pipetting 5 911 of carrier in to  a 270 ml 

Erleatrregrsr f l a s k  and adding 25 nil. water and 2 m2. cone. El. 

in smll portions, swirling after each ad8itlon. 'Add a f e w  & ~ p s  of Oel$ Aerosol - 
0-T. solution and boil gently until the Ru is we11 coagulated and the supernatant ia 

c lew and C O l O r f b 8 8 ,  

Add 014 g powdered Eae; 

M o r e  Mg may be necatesary to oomplate reduction* Add 10 ml - 
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carrier, and LO ml 

(b) If the saniples am, submitted 3.n B hexone =dim: 

Pipet sample al9quot fslto distil latton flask and add 1 t o  2 BI 

of ethmO3.e 3 and add 2 d Bu carrier. Let stand five dnLTt;es. Place 

distilLat,ion flask on hot plate with texperatm control set  at  "low" and 

volatil ize off organic raixture, evaporating almost to  dryness. 

f lask ,  cool, and add 1 ml of iodine holdback, 0.5 g HaBiU3,  1 rdE 859% H3P04, 

and 10 nnl 704& EC104. 

Bemove the 

2. fn a hood space free of paper or othar organic material, set up a 

Ru s t i l l  (Apx, 4). Wse asbestos-canter wire gauze under flask. Insert the 

delivery tube into I2 ml of' 6 M HaOH c a t a b e d  in a centrifuge tube in an ice 

bath. Adjust the air  influx to the system to give 1 to 2 bubbles per second. 

Beat the flask gently a t  first; then d i s t i l l  rapidly. 

set the burner d2reot;l.y under the flask and move back f ron the hood; watch t o  See 

that b q h g  does not occuro 

tube by continuing to heat; mtil 1 to 2 m l  of HCIO,, d i s t i l l s  over. 

1 t Q  2 minutas after €IC104 f'tbee appear in the dfatfllation f l w k . )  

Duping this last operation, 

( A  yellow of1 ehoUrd cone over.) RSnee the delivery 

(This happens 

30 Add 3 ml of 9% ethanol t o  ma d l a t i l b t e ,  swtrl or et9r to ai;$, d ~ y  tube 

bottom, tad heat just to boiling by swirlhg over free flam. Ruthenium oxide 

w P U  prac3pitata. 

If it is not colored (indlcating coapleta precipitation) , discard the supernatant and 

proceed to Step 5. 

4. 

Cool tube, centrifuged and note tf the supernatant is colored. 

Pour the colored supernatant into a nwked centrifuge tube. Neutralize 

the solution with concentTated HC1 (use ne-bhyl. rad indieator). Add 1 lal 6 E EaUE. 
Make an ethanol precipitation a s  in Step 3. Centrifuge and discard supernatant. Use 
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10 811 of water t o  wash the precipitate into the marked tube that contains the 

9 Prst precipi ta te  

5. In 10 ml of water, stir 80 as t o  suspend the precipitate, add 

1 mL 6 E4 EaOH, heat just to bofling, eentri-e, and discard supernatant. 

2% the pmcipitate add 2 ml. of 6 4 HG1, heat just t o  boil%& 6 .  

to dissolve, and add 20 pnl water. Add 002 g powdered M$ metal in smll 

porticms ahakbg after each adattion. M ~ I  a few dlpogs of O&I Aerosal. O.T* 

to minimize f'rothfag and boU gently until  Xu 2tr well precipitated, 

boiling for two minutes. 

Continue 

'7. Cool tubes slightly; place in water bath, slowXy wash down the 

tube walls w i t h  5 m l  CQmXrStm3%ed E a  t o  remove exce86 Wg, Wipe tube and tihen 

boi l  until the Bu cwgulatss, Centrifuge and discard supernatant. S w i r l  

precipitate 3.n water. F i l t e r  with suction on a moistened tamd papep supported 

on a 

with 

A =  

B =  

c =  

i 3 =  

E -  

E " -  

measured beta count of sample allquat, cts /dn.  

cofncidence correction, cts/llsin. 
(DT Agr. 
minutes). 

Obtain from bkethQd 28, Apse 1 
2 and 3 fP counts are ~ul l  far other than Saw 
3 gaay &so be crtlculated fron the equation': 

2 -6 B = (ob~emed count) X 5 X 10 

background correctton, ctpi/mh. 

correction t o  standard, crt;s/min. = 
accepted GQIIII~ vdiw for  standard 
observed count value for standard 

yield, deCiEla1 pas 

volume factor f o r  c r m v a r t m  sample aliquot to ml 



Iotas : 

(a) Prepare t h e  stntsrsd glass 
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eruclble as follows. Wash ft thoroughly 

with water, alcohol and ethero 

no desfecaat) and apply vacuum for %wo &nutese 

again for two minutes, 

t o  012 rag I s  obtained, 

Place: f t  i n  a vacuum desiccator (containing 

Admit air, then evacuate 

weigh and repeat desiecatfon until a wight constant 
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3 .  

4, 

5. 

6. 
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u n t i l  precipttate is comgd.ete9y dissolvedn 

Add 1. m3, conco iXF and rapeat Steps 3 and 4, 

Add 1 rial come BF and papeat Step 3*  6, 

7* ’PO the  ppeeipitate add 2 m% saturated E3303 ana stfr to suspend all 

of the precipitate, 

Remove stirrer, 

supernatant t o  a clean glass tubeB DIscmd the precipitate.  

A d d  3 nil  eonc0 HCl, stir, altd 5 ml water, and stir t o  dissolve, 

Transfer the Add a dgop of CDQC. H$614, s w i r l  and ceritrTfuge, 

8, Dflute the solutfon to 20 de Set the tube in an I c e  ba%b to bring 

%he solution Lo ice temperatureo 

HCl, add a few drops of cupferron, and place tMs also in the fee bath. 

solution 9s used to wash the zfrconfum cupfernan precipitate,) 

a r e  being cooled, set up f’umels fatted wlth Bo, 40 f9lter paperd 

Ff2B 8 glass tube about two-thfrds fd.9 w f t h  l - M 
(This 

IJhiSe t h e  solutions 

g C  Precipitate t b e  cooled 3anapPe sslutfon psfth 2 rriL of 6% cupferron 

solutione 

supernatant, 

precfpitate through the funnels that have been set  ug. 

Working reasonably fast ficin %his stage onp centrifuge and discard tfie 

Stfr up the precipitate fi cold 9. - M HC1 and. filter the suspended 

IO, With a stirring rod, fold the top portion of the fi9ter paper. down, 

putting the sample and paper into a e o q a c t  form, With the aid of a st i r rhsg rod 

t ransfer  the filter paper t o  a cruciblee, bum off the fflter paper on thE? edge. of a 

muffle m a c e ,  md heat at 600’ C f o r  tvmty mfnutes. 

11, Tare a watch glass without pspor, Remove the crucible from %he 

muffle furnace and cool. 

Wd W e i g h ,  

Transfer ccuaterzts to watch glass by means of a spatula, 

MOW% &SS and COatentS hl %he I?mBner fo r  a gr.OSS C O W % *  

Calculations 

Let: A = measured beta count sf sansple aliquot;, cts/mios 

3 = coincidence correction, ets/min, Obtain from MetLLod.28, Apx. 1 
(or &x. 2 anti 3 9f counts are ~u51 for other thuu  AVW’ irciwutesj 
B d a o  be calculated from the equation: 
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ZIRCORIUPII - TTA-XXL'EHE FX2aaCTION ANT) BSTA COUNT 

1Yiet.hod No, 33 

I. PBrnrPrn  

ZirconiUm (N) foms a chelate complex With ~el.loy~erff~uoruacetone (TTA). , 

Both the chelating agent and the metal chelate have a negligible solubility in 

the aqueous phase and can h extracted w i t h  an organic solvent such as xylene. 

The chelate species extracted into the xylene is a neutsalmolecule consisting 

of a zirconium atan banded to four TTA ions. 

by twa owgeins in the following manner(b)p 

Presumably each TTA ion is attached 

H 1 H 1 -/r' e, 

n I 
c - c  
11 %$ 

H- c C - C C - C F j  
'G 'd i 

H 

The extraction of t he  zirconium into the xylene-TTA solution Prom tfie 

aqueous solution eonbfn i rg  a non-complexing anion m y  be represented simply by 

the equation: 

in which2 

H T =  

x =  
A =  

11. STATUS 

TTA, acid. en03 Porn 

xylene phase 

aqueous phase 

The method has been used sa t i s fac tor i ly  for the determination of radio- 
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fluoride, phosphate and oxalate, the latter markedly inhibiting &e chelation 

of zirconiura with 

to  have a precisian better than 3%. 

discussed in detail in references 1 thru 4. 

e The metbod has been found accurate to within -l$ and 

The developnental work on the method is 

References: 

1. Runion, T, C., %helate Process for Isolating Zircon€wn, afuaL-lOs 

(Aug* 9 s  1943)* 

2 ,  Cbemiejtry Division Quarterly Report for Period Ending June 30, lYb9, 

p* 228, rnL-236  (Sepb, 39h9'3. 

3, ChemPstsy Division Quarterly Report for Period Dee., 1948 t o  

Feb. , 19hY. p. 117 CRKL-336 (Hay 4, 1919) (I 

4. Brennan, M. Eo and a g g ,  J. F.,  'The Btemhat ion of Radio- 

zirconium by TTA*. KAPL-332 (April 19, 199). 

5-  Hum@, DY Hey rjallou, H. E. and Glendenin, L. E., "A Bmual of 

Radioehdcal  Determinations of Fission Product Activities#, CI-2815 (June 30, 1945) 

Flrgg, J t  F., Rfder, B. F., and Andma, Id. S., Wethods of Chemical . 

Analyses for Separation Process Research Unit, Part  11. Radiochemical MethodsH, 

KAPL-348 ( JuU 19%) 0 

6. 

1, HydroqrWne Hydrochloride, EQH20H.HC1, solid. 

2. Nitric Acid, Conco HX03. 

3. %eno;yltrSf"Zuorortcetone (!ITA) Solution in Xylene, 0.5 - M TTA. 

Prepwe by dissolving lll,O g TTA, (supplied by Dow Chemical Carp., Hidland, 

Elieh.) i n  1 liter of Xylene, analytical reagent grade. 

Bo Apparatus 

Instrument 

le Geiger-HbPer Canter, Hodel 4-762, available Fram Ruclear 

and Chemical Copp,, 223 Irf. Faie St., Chicago 10, Ill. 

D 
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2. ita- €#hss9 1 ina4 diameter, 

3. Steel Washer, to support 1. in& watch glass. 

4- Not flats, elee*ic. . 

5. 

6. 

Centrifuge Tube, 15 m l  capacity, 

FLask, glass-stoppered Erlenaneyerj 25 d- ca&wcitf. 

1. place? an appropriate auquot  of the sarapIa (not over 4 EA.) 

in a 25 m l  glass-stoppered Erlenmeyer f l a s k ,  

water and sufficient cone. 

Dilute to 5 d w i t h  d is t i l l ed  

to make the solut'ion 2 If. L 

2. Add O i f  g HE2 OR[*HGlo 

3. Add 2,O mf of 0,s - M TTA in xyhxt .  Shake f o r  10 rlninutes. 

4. Transfer %he soPuLion to a centrifuge tube and centrifuge thrsrs 

minutes. Remove the, aqueous phase w i t $  a 'transfer pipeto 

5. T~ansEer a suitable alAq~ot(~) of the organic phase to a watch 

gwss preheated on a large washer on a hot (see Fig. 1). 

6, Mount and count according t o  the procedure &scribed in Method 

Calculation 

Let: A o nseasllPeci beta count af sample aliquot, ctsfarin. 
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men: 

C "  

D s  

& =  

F -  

background ~OrreCtion, c%s/* 

correction to standard, cts/mh 

accepted count value for standard 

observed count value fop shndhlrd 

yield, decimal per cent 

volume factor f o r  converting sample aliquot to ml. 

t o  transfer all of the  organic phase, ri&k the flask w i t h  approx.inat&r 1 ml 

xybae. Add the wash to the tube, centrifuge, then kansfer t o  the watch glass. 

(b) The temperature of the hot  p l a t e  must be regulated Lo give 

rapid evaporation of xylme wi thout  boiling. 



in which: 

HT = 
X "  

A "  



counting LI 

Extraction Nethod 





steel 

is 
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FLUTOPJm - l 2 I H W  &€?RIDE ALpIiA C O W  HETHm 

Method No, 35 

I. PRmIPm 

Plutanium is reduced to tbe(XII)and[$’$valence states by hydrqlamine 

hydrochloride. 

c ipibte .  

It is then carried frm solution on a lanthanum fluorick pre- 

The lanthanum fluoride is .then maunted on a sbialess steel plate 

and 

I1 * 

are 

%he plutonium alpha particles counted in standard equipment. 

SYATUS 
_111 - -  

%e various factors which affect this analysis have been investigated and 

discussed %n the references They ase ,mrmmarizad &sferenee 1. 

References t 

1. C1ifford;A- F, and goshland, D. E., Jr., nI)levblapanent of Rad$* 
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centrifilge tube 
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I, PRIPjeIpLF 

The density of 

required for a drop of 

media  (reference liqu 
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RE%SITY OF RkDIOACTIYE AQUEOUS SOLUTIUEJS - 
FUIlYG IBUP NETHOD 

Method Edo, 51 

an aqueous soluLion is determined by measuring the t h e  

it t o  f a l l  a f ixed distance i n  an immiscible organic 

d)$ the density being found by reference to a c a l i b r a t i m  

c w e .  

fron Stokes lad1). 

versus density on coordinate graph paper .@Tes a s t ra ight  line, 

The f a l l i n g  time is related t o  the dens9"cy by an expression derived 

The reciprocal of the f a U g  .time i n  seconds when plotted 

rII STATUS 

The organic l iquids  used in this method are tetrabpomoethane, mineral 

o i l  and xyleneo 

specific D a v i t s  than the aqueous solutions t o  be measured- 

plpced i n  graduated cylinders which are kept i n  a constant temperature bath at 

25 f 1' C o  A measured drop of sarnple is forced frum a micro plpet beneath the 

surface of .the organic liquid using a remote control sampler. 

above the surface of the l i q u i d  and ?he drop falls, 

drop t o  fall a fixed distance is measuredo 

deter-mined by'calculating the reciprocal of the falling time i n  seconds on a 

standard density cwve, prepared by using A1(NOg)3 solutions of known density. and 

reading the density directly. 

Mixtures of these l iquids are prepared t o  give a s l ight ly  lower 

The niixt&s are 

The buret is raised 

The time required for the 

The density of t he  sample is then 

4 

This method has been thoroughly studied 2.n a s h i l a r  system(2) and the 

samces of experimental error reported t o  be (1) temperature fluctuations of We 

thermostat (2) variations i n  the radius of the drop and ( 3 )  errors in timing the 

drop fall, The.suitabiLity of various solvents and the  precision of the  method 

are discussed in detailo 



References: 

1. Kestons A. S* ,  Zittenberg, D. and. Schoenheb.er, R, Jo, f5krchange 

Reactions of Organic Compounds tzith D~SOL", J. Eiol. cfiem. - 122, 229 (193'3). 

2 ,  B i l e t t e ,  J. J, an6 Hade, J., 'll;ravitor;ietry of Weaq dater. 

@ew iieference Liquids f o r  the  Falling-Drop hethod and Precision Attainable g l t  

knaL Cheh., - 19, 984 (1941). 

3 .  

.!A. 

f ; .  

Herriphill, H. L., Secret Eoteboak, CZ-1764. 

Thoimson, P. F., Secret Notebook, CL-1S;SL. 

Sneli, F. D. and Biffen, F. K.> Coiri,,ericaf kaVhods of Analysis, 

p. b3> McGrew-Hill, Hew Ycrrfc (19414). 

I11 + A.PP!!X.ATliS EII'ID RWi.GB)TS 

4. Density Standards. Prepare solutions c\f d ( U Q ? >  309&0 a t  
r. 

OoOs PA intervals over the concentration range of 1.3 to 2 , s  1 Pi. 

exact densities of' the solutions using the  ?yenometer :tethod(S). 

Detamine the 

1% Il,ay be 

- 

desirable t o  prepare stiindards a t  closer intervals.  

5. Reference Liquid. Prepare t h e  organic: i::e5iwL (reference 

liquid) thru which the t e s t  solution drops by nixing tetrabrcacc.t,iinnc sad ;:ylene. 

Obtain ar e s t h a t e  of t he  density of the  sample at 25OG Eznd nrepsre a scr iee  

of sui table  density standards in t h e  range of 4 0.03 about  +,he estinater' c a p 2  

density, Deterrdne the specif ic  p n i t y  o€ the  l ightest  density standard 
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at 25% by the pycnometer aethoc! 15)e 

specific gravity 0.99 of the specific gravity of the lightest. standard, detemining 

Prepare the reference liquid t o  have a 

the composition of the reference 

in which 
A "  

3 =  

c =  

D =  

I C "  

D - X  

specif ic  gravity 

specif ic  gravity 

desired specif ic  

l iqu id  from the following equations: 

of tetrabromoemane at 25% 

of xylene at 25% 

gravity of reference liquid 

desired volune of  reference l iquid,  m l  

volurne of tetrabrorkoethane , s l z l  

volume of xylene ml. 

A drop of the l i gh te s t  density standard should f a l l  thru the medium in aproxhately 

40 seconds and of t h e  heaviest i n  about 15 seconds. 

For accurate resu l t s ,  i,e. density measurements t o  ,f 0.0003 g/xtil, each 

reference l iquid should be used over a range of 2 0.005 density units. 

fo r  change i n  density of the medim are (3) decrease i n  volune resulting from 

vola t i l i za t ion  and ( 2 )  coloration mused by the  radioactivity of .the sample. 

these changes occur, check the specif ic  p+zvi.ty of the reference liquid. 

Cr i te r ia  

If 

B. Apparatus 

1. Kodified Greiner Hiccro Buret, capacity 0.11~1, operated by 

remote control. 

drawings, on f i l e  i n  the QRNL Instrument Divisionr 

Details of t he  apparatus design are given i n  the following 

E-8502 - 
E-8520 - 
D-8512 

D-8521 - 

General Assenibly of Specific Gravity Hood 

Sub-Assembly af Specific Gravity Pipettes 

Sub-Assembly of  Zotating Specific Gravity Table 

Specific Gravity Pipettes 

The following general a l te ra t ions  are Lo be Trade to a Grei.neT buret: 



(a) 

(b) 

Seal a mercury reservoir i n t o  the buret as s h m .  

Cut the U -shaped glass c a p i l h r y  section near the middle of t he  U 

and insert a ball jo in t ,  This modfficatio~z provides a reaovable buret t ip .  

(e) Construct a number of spare replacable uni t s  t o  the exact specification 

of  the reniovable sections. 

(d) To aid the  ?recision of drop formatian, prepare a Teflon jacket for 

each buret t i p  as f O l l Q W $ *  Drill out 4 inch lengths of Teflon rod (̂ . 5/16 inch 

o,do) t o  an i e d D  of 1/64 inch, 

fu l ly  s l i p  the Teflon ovey the t i p  of the buret u n t i l  a very SUEILL section of the 

buret t i p  shms. 

ie even with t he  Teflon, 

curved surfaceb 

Heat the buret t i p  and piece of Teflon, Care- 

Grind down the glass t i p  w i t h  emery- cloth until the g lass  t i p  

Polish off the outside edge of the Teflon tip to a 

2, Constant Temperature Water Bath, 25’ 1%. Assemble from the 

fol lowing equipment: 

(a>  

[b) heater, knife type, 

battery jar3 filled w i t h  distilled water. 

0 c)  thermostat, mercury-.%o-wirgq and a relay, 

3 .  

L o  

T b e r ,  automatic, calibrated i n  0.1 second, 

Graduated Cylinders, 100 r n l  capacity, for  containing the reference 

liquid, therefore uniforriliky of distance between 20 and 80 ml marks is essential. 

Distance between 100 and 80 r r i l  mark should be 3,8 f 0.1 cm, 

8Cl and 20 ml mark should be 21,3 f 0-1 cm, 
%stxnce between 

s,, Pycnometer, 10 ml capacity, provided with therrnonieter. Suggested 

typej ASTlYI D-153- 

I v m  PRQCEDIIm 

1. 

2, 

Place the  shielded sample on the table adjacent to the  remote sampler. 

Turn the plunger of t h e  bwet  i n  until the c01w-m of raercury is  

approximately $ inch from the  t i p  of the buret, .. 
3 .  Draw sample into the buret until the column of saaple is approximately 

inch from the  ba l l  jo in t ,  
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4. Remove sample and lower the t i p  of the 

surface of the organic l iquid (4 ., 

5. Uiscizarge 5 X of s a q l e  (t.1 L) 

pipet t o  j u s t  beneath the 

6. Raise the  burst very slowly u n t i l  the  t i p  breaks the surface of the 

C7P@rli@ l i qu id ,  

7. TiEie ihe  drop as it, f a l l s  between the 80 and 20 ml r m r h  (11.3 cilia) 

on t h e  gmduated cylinder (e> 

B o  Reeard %he falling timecd) in seconds. 

Calculate the reciprocal of the f a l l i n g  t h e  an6 read t h e  density 

from a standard curve(') .  

P.lOt@S 

(a> The gradmted cylinders of organic l i qu ids  care imn;er.sed in a 

eonstnant tmpera twe  bath t o  insure reproducibility of temperature, 

(b) The delivery of the sa~plc mst be done vary carefu l l j  and slowly 

Lo p-evcnt shaking or" t h e  drop from the t i p  cf the buret before the correct 

volurne i s  delivered, 

(c> The d ~ o p  has attained a constant falling rate by the t h e  it 

reaches t h e  80 nl. (3*8 cia f a l l )  mark. 

(d) The density of the reference l iqu id  should be close t o  t h a t  of the  

sample because the  f a l l i n g  t h e  should not be less than '7 seconds, 

f a l l i n g  drops are d i f f i c u l t  t o  t h e  and also do not confami t o  Stokes l a w  as 

they are no t  truly sphericalo 

Faster 

(e ' )  Prepare the  standard density curve as follows, Determhe t he  

densi t ies  a t  25% of the  density standards described i n  111-A. 

f a l l i n g  drop time f o r  each standard according t o  the procedure, 

reciprocals of the f a l l i n g  drop times and plot  these values as abscissae versus 

Determine the 

Calculate the 

the densi t ies  of  the standards as ordinates, using rectangular coordinate 

paper, A typical  standard The resul t ing p l o t  should be a s t r a i g h t  line. 

cal ibrat ion c w e  is shorn i n  Apxo lo 
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SPEGVIC GRAVITY OF l4AKE-W SOLUTIONS 

Method Eo, 52 

Im pRl2CIPI;E: 

The specific gravity is obtained by comparing the weight of a so l id  

object 2x1 air to the weight of the stme? object in the solution being analyzed. 

The specific gravity balance is calibrated t o  read specific gravity units 

directly. 

11. STATUS 

This mthod is to be used for non-radioactive make-up solutions only. 

It does not permit accuracy approaching that given by use of the speciffwgravi ty  

bottle, but is desirable when a large nmber of samples are t o  be naeasused. 

References : 

lo Snell, F. D., and Biffen, F. Id., "Comercial Methods of Analysis 

p. 47, McGraw-Hi l l ,  New York (1944) 

2. Brochure from E. MachPett and Son, 220 Eas t  2jrd S t m e t ,  Mew York, 

R. Yo,, describing the Eohwald Irnproved Speciflc Gravity Cha.ln Balance. 

111. APPARATUS 

1. Specific Gravity Chain Bd-mce,, Hohwald Improved, Hae Ah-012, 

supplied by E, Machlett and Son, 220 East 23rd Street, New York, N. Y. Ps 

sugges te ti * 

2. Forceps, of t h e  type supplied with balance weights. 

IV. mmmm 
9. Check the zero point of the bgitanee. If adjustment is  needed 

consult the supemisor. 

2. F i l l  the cylinder of the balance t o  witbin 1/2 iach of' the top wfth 

the liquid to be measured. The bulb should be to ta l ly  submerged, 

3. Check 

the cylinder. 

the pluminet t o  be certain that it does not touch t h e  sides of? 

R 



4, Usislg 8 pair of forceps, move the rider w e i g h t  along the balance 

k e a  u n t i l  %he approximate zero 1s obtained. 


