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THE IODIDE EXCHANGE REACTION IN ACETONITRILE 

THE INITIAL OBJECTIVES OF THI$ RESEARCH WERE TO INVESTIGATE 

THE DEPENDENCE OF THE RATE CONSTANT OF THE EX CHANGE REACTION 

R 1~-1 + 
K 

UPON: 

A. TEMPERATURE 
B. IONIC STRENGTH AND NAI CO NCE NTRATION 
C. ALKYL IODIDE CONCENTRATION 
D. ALKYL IOD I DE 

BECAUSE OF THE LARGE ERRORS AT FIRST PRESENT AND ALSO 

DUE TO A LACK OF TIME, NO DATA WAS GATHERED RELATING EITHER 

TO A·• 0 R D. THAT GA TH ERED ON 8. AND C • WAS EI THE R T 00 SC ,G.,N TY 

OR TOO INACCURATE TO DRAW MANY CONCLUSION S FROM. HENCE 

SHALL RESTRICT THIS PAPER TO A DISCUSSION MAINLY OF THE THEORY 

WITH A FEW REMARKS ABOUT THE DATA. 



THE RATE EQUATION 

AS METHODS OF REACTION, LET US CONSIDER THE FOLLOWING 

POSSIBLE REACTION SCHEMES: 

A. 

B • 

A SECOND ORDER SCHEME INV OLVING RI AND WITH RATE CONSTANT 

RI .. rt- I<~ > R:t* + :c 

RT* t 7- ka. :;;, R"I + :r~-

A SECOND ORDER SCHEME INVOLVING RI AND NA I (UNDISSOCIATED) 
WITH RATE CONSTANT K' 2 

1<' RI + Noi"l~ ,2. ;;:, RI* + N""+ + :r:-

R :i:* + "'""I 
k~ ;,, RT + N,._+ + .J:~-

THE REACTION MECHANISM FOR THIS PART I CULAR SCHE ME WOULD 
PROBABLY BE SOMETHING LIKE! 

K2 

' Ce A FIRST ORDER SCHEME INVOLV I NG RI (ANO LATER EITHER - OR NAI) 
WITH RATE CONSTANT K1 

RI 
:r { .... + 

-t- ... N ... I --.;>> RI 

:r*- f. t + .... R-r-. 
o,- N.._-:t.ll ~ "'-

le(, 
t1-•- f R+ 

:r.- +-... t 
RI~ g+ + _rt- + 

o,- NJ. ;,> RI :;> 

R+ + ::r-
-Fr...+ ~ Rij ~,..Nq_I:* 



NOTE THAT SINCE 

THAT THE FRACTION OF R+ IONS WHICH FORM RI* IS JUST 

WHETHER OR NOT THE I* WAS ORIGINALLY AN ION OR NAI*. 

THESE THREE REACTION SHCEMES LEAD TO THE FOLLOWING DIFFERENTIAL 

EQUATION: 

NOTE! AT THE 

RAT E k I [ R.til] j H 0 WEVER WHEN TH E 

-~[~I_-~]-- WILL AVOID REMOVING THAT I* 
t;r"*-J-+ [r] 

R+ RECOMBINES) ONLY THE FRACTION 

FROM SOLUT ION. HENCE 

THE ACTUAL CONTRIBUTION OF THE FORWARD FIRST ORDER REACTION 

I<,• [R:r~] • [:z:-] 
IS [I.!:-] .. [:r:-] 

ALS~ IF K
0 

IS THE DISSOCIATION CONSTANT FOR THE REACTION 

+ T 

THEN 

THE DIFFER ENTIAL EQUATIO N CAN NOW BE WR ITTEN: 

d. rr~-J 
J t 

k + 



WE NOW MAKE THE FOLLOWING SUBSTITUTIONS: 

[R 1] [RI*] [1 -1 [1 *-] [NA+] [NACLO4] 

f ;""'e :: 0 A 0 13 C B +-C+-Z z_ 

t . · e - t A-~ X B-+- X c- )( B+C+ Z z •,""" -

NOTE: B+C - , - 0 NL Y IF K =: oO, 
- TOTAL D 

ALSO, IT HAS BEEN ASSUMED 

THAT NACLO4 IS COMPLETELY DISSOCIATED IN ACET0NITRILE. 

THE DIFFERENTIAL EQUATION CAN NOW BE REWRITTEN: 

THEN: 

J..x 
J.t 

= k ((x)[B+x]- rA-x][C-x]) 

- k ([A+B+c]x -Ac) 

111 ( [A+O+c.1 '><-Ac_) 

k - ;z,303 1
0

, 

[A+ B+ c..] (t~-t 1) 

\ 

x,._ 

)(.I 



ERROR ANALYS IS 

LET Ci - CPM OF TH E SAM PL E TAKEN AT TIME fl 

A 1 = [RI] 

THEN 

PAR T IAL DI FF ER EN T IAT I ON WITH RES PECT TO TH E PROPER VARIA BLES 

(~j 
cl> • .6. CJ 

{c;.(A,1-A~)-AL) C,j 

6 (A, -t,\_) 

(AI +A ... ) 
CALC ULAT ION OF ERRORS DUE TO VARIA TI ON IN THE COUNTING 

IN K: 

BASED ON THIS F ORMULA COMPARE F AIR LY WELL WITH VALUES OBTAINED 

EM P IR I CALL Y. (S EE TABL ES 1 , 2&3). HOWEVER, AS CAN BE SEEN, THE RE 

IS SOME SECOND ORDER CONTRIBUTION TO ALL TH E TR UE VALUES AND EVEN 

SOME THIRD ORDER CONTRIBU TI ONS TOWARDS THE END. THESE VALUES 

ALSO REV E AL THAT CERTAIN MEASUREMENTS ARE MU CH MORE CRITICAL 

TH AN OTHERS. IN PARTICULAR, THE F IRS T AND LAST MEASUREMENTS 

ARE ESPEC I ALL Y CR IT ICAL AS A 1% CHA NGE IN ONE OF T HEM CAN MA KE 

A 15 TO 20% CHANGE IN THE VALUE OF K. ALSO, IT CAN BE SEEN THAT 

SlNCE ONE OF THE COEFFI CIE NT S I N TH E ERROR T ERM INVOLVING 

RI AND NAI I S S I MI LA R TO THAT I N THE TERM F OR C0 , I F A
1

-p;;
2 



IS OF THE SAME MAGNITUDE AS A2 OR LARGER, THE ERROR DUE TO A 

SMALL ERROR IN EITHER THE RI OR NAI WILL BE OF THE SAME MAGNITUDE 

AS THE ERROR DUE TO A S IMILAR CHANGE IN Co • THUS, IF AT ALL 

POSSIBLE, ONE SHOULD KEEP A1 ~ A2 TO MINIMIZE ERRORS. ALSO 

NOTICE THAT IF THE TIME INTERVALS ARE CHOSEN CORRECTLY, SOME OF 

T H E E R R O R S I N T H E C~ ~ A N D C.J 
1
~ W I L L B E O F E Q U A L M A G N I T U D E B U T O F 

OPPOS ITE SIGN. THUS SOME OF THE ERRORS WILL CANCEL EACH OTHER 

OUT WHEN AN AVERAGE IS TAKEN. 

ANOTHER SOURCE OF ERROR TO BE CONSIDERED IS THAT DUE TO 

THE FACT THAT IT TAKES A FINITE AM OUNT OF TIME FOR THE SAMPLE 

TO RUN INTO THE WATER WHICH QUENCHES THE REACTION. DUE TO THIS 

FACT, THE RADIOACTIVITY OF THE NAI WILL BE SLIGHTLY LOWER THAN 

WOULD BE FOUND IF THE SAMPLE WERE QUENCHED I NSTANTANEOUSL Y. 

IF WE MAKE THE APPROXIMATI ON THAT DURING THE SHORT TIME IT TAKES 

THE SAMPLE TO RUN INT O THE WATER, THE EXCHANGE RATE REMAINS 

CONSTANT, AND IF WE ALSO MAKE THE APPROXIMATION THAT THE REACTION 

MI XTURE RUNS OUT OF THE PIPET AT A CONSTANT RATE, THEN WE CAN 

GET AN IDEA OF T HE MAG NITUDE OF THE ERROR AS FOL LOWS: 

LET ~= CHANGE JN COUNTING RATE PER ML OF SOLUTION 
(APPROXIMATED AS A CONSTANT) 

T= TOTAL NUMBER OF COUNTS LOST DUE TO THE TIME DELAY 
IN QUENCHING 

t, -=- T I M E A T W H I C H Q U E N C H I N G B E G I N S 
t>.. = T I M E A T W H I C H T H E P I P E T I S F I N A L L Y E M P T I E D 

THEN AT THE TIME WE ARE ABOUT TO QUENCH THE REACTION THE TOTAL 

CHANGE l N COUNT I NG RATE FOR THE 5ML SAMPLE \.JI LL BE '5'7"' AND WE 

CAN WRITE: 



S
ta:. 

T 5°1' ( I - ;).~!',) Jt -
t, 

lt ~ ~ ) == -e 51 ( t,-t" - t~~ J.t 
I 

51'-
( 

'1.. it.l.. tl.t - : ) 5', ( ~ -t;_"'I.. t 
-(-,2-'tl - - ( ~ -t.,_ - - - t J ... i:-t., ~ 4 

t, 
,I.. 

51'- ( f:_ :z. ~) - ~( ~ - .2.. ~ t-, -,.. t, S,'- ( ):i. 
;)_, t-\..-t ,) - - tl..-'t / ._ 

~ ( t-.t.-'tJ 

T - §__ ,-. (t -t) ;z_ it I 

USING SOME OF THE DATA FROM 18-1 WE OBTAIN THE FOLLOWING 

ESTIMATION OF THE ERRORINVOLVED FOR THE FIRST SAMPLE MEASURED. 

5 ,..- ~ JJg 1g - Jo?.-.,1.... /D :l..b 

.3o o .3c o 

T ~ I o;i.<,. JO s~ .. ...,.... 17. I c:. p >'V\ • 
~ • .J 00 

THUS ASSUMING THAT IT TAKES 10 SECONDS TO DRAIN THE PIPET, WE 

FIND THAT THE COUNTING RATE FOR THIS FIRST SAMPLE, 10792 CPM, 

WOULD ACTUALLY BE LOW BY ABOUT 17 CPM, AN ERROR AMOUNTING TO 

APPROXIMATELY 0.16%. THIS ESTIMATE IS ACTUALLY A LITTLE BIT 

HIGH AS THE APPROXIMATION OF THE COUNTING RATE IS ALSO A 

LITTLE BIT TOO HIGH. 

~ 

+ ! ) 



DISCUSSION OF DATA 

CALCULAT I ONS BASED ON THE EQ UATI ON DERIVED BY CON SIDERING 

THE THREE POSTULATED REACTION MECHANISMS YIELD THE COM PO SITE 

VALUE: 

THIS INDICATES THAT K SH OULD BE IN DEPENDEN T OF THE CONCENTRA TI ON 

OF ALKYL I ODIDE, SHOULD INCREASE ·WITH INCREASING SODIUM ION 

CONCEN TRATI ON AN O SHOU LD INCREASE WITH DECREA51NG IODIDE ION 

CONCENTRATION~ 

DECREASE IN 

INCREASE INK. 

NOTE THAT AN INCREAS E I N NA+ WILL CAUSE A 

, HENCE THE ADDITION OF NACLO4 SHOULD CA USE AN 

THE DATA, HOWEVER, CLEARLY INDICATE S THAT THIS 

IS NOT THE CASE. HE NCE SOME OT.HER . EFFECT \.JH I CH HAS NOT BEEN 

CONSIDERED MUST BE AFFEC T IN G THE REACTION. SPECULATION AS TO 

WHY THIS SHOUL D HAPPEN YIELD TH E FOLL OW I NG POSS I B I L I TIES. 

FIRST, AS WAS SHOWN BY EXPERIMENT, A VERY SMALL AMOUNT OF WATER 

( 1ML I N 5OML OF SOLUT I ON) WAS ENOUGH TO CAUSE A VE RY LAR GE 

DECREASE IN TH E RA T E CONSTAN T (30--40%) ■ 

CAME FROM A FRESHLY OPENE D BOTT L E OF REAGENT GRADE MATERIAL; 

HOWEVER, IT I S POSSIBLE THAT IT HAD SOME WATER OF HYDRATI ON 

ALON G WITH IT ■ SECONDLY, THERE I S THE POSSIBILI T Y THAT THE 

CLO4 ION I S BECOM I NG PART OF THE SOLVENT CAGE SURROUNDING THE 

AL KYL IODIDE MOLECULE AN D THAT ITS CHARGE PREVENTS THE IODIDE 



ION FROM GETTING THROUGH TO REAC T WITH TH E ALKYL I OD IDE. IF 

THIS EFFECT I S TAKING PLACE, ONE WOULD CONSIDER IT MOST LIKELY 

TO EXPECT TO FIND THE CLO; I ON AS FAR AWAY FROM THE IODIDE 

P A RT OF T H E MO L E CU L E AS PO S S I B L E , I.E • ) 0 N T H E 8 A C K S I D E O F T H E 

MOLECULE J WH ICH IS THE SPOT THE IODIDE I ON ATTA CKS I N THE 

BIMOLECU ~A R PROCESS. THE PRESENCE OF THE CLO; IN THE SOLVENT 

CAGE WOULD ALSO BE EXPECTED TO HELP ACCELERATE THE UNI MOLECU L AR 

REACTION BY HELP I NG TO PUSH THE IODIDE OFF OF THE ALKYL CA TION. 

THUS IF THIS IS WHAT IS HAPPENING WE WOULD EXPECT THE S REACTION 
N2 

TO BE SLOWED DOWN AND THE S - REACT I ON TO BE SPEEDED UP. 
N1 

Ft NALLY 

OF COURSE, THERE MAY BE SOME EFFECT OF INCREASED IONIC STRENGTH 

WHICH IS BEING OVERLOOKED. 

SH OULD ALSO NO T E AT THIS POINT THAT IN ONE OF THE EARL Y 

EXPERIMENTS IN WHICH ADDED F I RS T J..5j,.l AND THEN 50-M L OF WATER, 

THE RATE APPEAR ED TO INCREAS[ BOTH TI MES, BUT UNFORTUNATEL Y, 

THE ACCURACY ON THE SECOND EXPER IM ENT WAS VERY BAD AND NE ITH ER 

EXPERl~ENT WAS EVER REPEATED. THIS ~HOULD BE CHECKED INTO AGAIN. 

FINALLY, IT IS INTERESTING TO NOTE TH~T THEORETI .CALLY, WE 

COULD USE THIS REA CTION TO DETERMINE THE DISSOCIATION CONSTANT 

FOR NAI IN ACETONITRILE. IR WE MEASURE ALL THE OTHER PARAMETERS 

VERY ACCURATELY, THEN WE CAN CONS IDER THE UNKNOWN VARIABLES IN 

THE EQUATION AS K, [ RI] , AND [ ,-J • THUS BY USING 3 CALCULATED 

VALUES OF K, AND THE KNOWN FORM OF T HE ERROR EQUATION WE CAN SET 

UP A SYSTEM OF THREE EQUATIONS IN THREE UNKNOWNS AND ITE RATE THIS 

SYSTEM TO OBT AIN ACCURA,TE VALUES OF K, [RU , AND [ ,-] • THIS 

INF ORMA TION , ALONG WlmH fHE KNOWL ED~E OF HOW MUCH NAI WAS 



INIT I ALLY ADDED WOULD BE SUFFICIEN T TO CALCULATE THE VLAUE OF 



SOLUTIONS, APPARATUS, AND PROCEEDURES 

SOLU TI ONS 

ACET ON ITIR LE--MATHESON, CO LEMA N, AND 8ELL(TECH GRAD~)--ST2467 
WAS D I ST I LLED FR OM ANH YDROUS CASO

4 
AND RUN THROUGH 

A CHROMA T OGRAPHIC COLUMN C0NTalNING AL~O
3 

WHICH 
HAD BEEN HEATED 4 DAYS AT 250 C. IT WAS S TORED 
IN A BOTTLE WIT H A SQUEElE BULB MECHANISM F OR 
DEL IV ER Y AND PROTECTED BY DRYING TUBES CONTAIN I NG 
"ORliRITE." 

NAI--BAKER AND AOAMSON(REAGENT GRADE) --S T461 9 

NAC LO4 --ANHYDR ous FROM G.FREDRIC SM IT H CHEM . Co. --ST4635 

N-8U TYL IODIDE--REAGEN T GRA0E--PRO T ECTED WI T H MERCUR Y IN T HE 
BOTTOM OF TH E CONTAINER 

CCL
4

--REAGENT GRADE 

H2O--DISTILLED WATER FR OM THE TAP 

SO LUTI ONS WERE PREPARED BY WEIGHING I NT O A VOLUMETRIC FLASK THE 
AP PROPRIA TE AMOUNT OF NAI (AND NAC LO

4 
WHEN USED). 

ACETONITRILE WAS THE N ADDED T O MAKE TH E SOLUT I ON 
UP TO T HE MARK. THE PREPARED SOL UTI ONS WERE KEPT 
IN JARS WITH 1GROUND GLASS STOPPERS. 

APPARATUS 

A WATER BATH EQUIPPED WI T H A HEATER CON T ROLLED BY A TH&R MOREGU LATOR, 
A SECKMAN THERMOMET ER GRADUATED I N 0.01 C., AND 
A COO LING COIL ■ 

THE CO©LING COIL WAS SUPPL I ED WI TH WATER FR OM AN IC E BATH BY 
A WATER CI RCU LAT ING PUMP CONTROL L ED BY A 
VAR iAC T RANSFORME R 

A NU CLEA R CHICAGO SIN TILL AT ION COUN TE R 

13-- 5M L PIPETS 
12--4M L PI PETS 

1--5OML PIPET 
1--7ML PIPET 

AS SO RTED MICROPIPE T S RANGING FR OM . O25M L TO 1.OML 
1--AUTOMATIC P I PET FILL ER BU LB 



MAGNE TIC S TI RRER AND SEVER AL L ARGE S TI RR I NG BARS 
3--15OM L ER LE NME YER FL AS KS 
3--6OM L SE P ARATOR Y F UNNELS 
24 OR MORE SPEC I AL LOW ADSORP TI ON GL ASS TUBES OB T AI NE D FR OM 

Nµ CLEAR CH I CAGO 

PROCEEDURES 

131 S T ANDARD PRECAUC I 0NS WERE T AKEN I N THE HANDL I NG OF THE I • 

D I SPOSAB L E RUBBER GLOVES WERE WORN WHEN HAND L ING RADIOAC T IVE 

SOLUT I ONS. THE GLOVES AND OTHER SUCH MATERIA L WERE DISCARDED 

IN A CLOSED, MARKED CONTA I NER . RADIOACT I VE SO LUT I ONS WERE D I SCARDED 

INTO A P ~ AST I C BOT TLE AND T HE GLASSWARE WH I CH CON T AI NED THESE 

SOLUT I ONS WAS RINSED AT LEAST TW I CE WI TH 0 . 1 F K l SOLU TI ON . 

THESE R I NS I NG$ WERE ALSO D I SCARDED I N T HE ~LAST I C BOTTLE . WHE N 

THE BO TTLE WAS F I LLED , THE SAF ETY OFF I CE WAS CALLED TO COME AND 

DISPOSE OF THE MATER I AL AND LEAVE A NEW BO TT LE ■ 

THE PROCEEDURE FOLLOWED DURING T HE RUNS WAS AS F OL LOWS: 

5OML OF NA I SOLU TI ON WAS WIT HDRAWN AND PIPETED I NTO A 15OML 

ERLENME YER F LASK ■ AN AP P ROPRIATE AMOUN T OF NA I~ WAS ADDED TO 

GI VE A COUN TI NG RATE OF 10 , 000 TO 5O , OQQ CPM. THE SOLU TI ON 

WAS THEN MI XED BY SW I RLI NG T HE F LASK. TOWARDS T HE END OF THE 

WOR K, SW I TCHED TO A MAGNET I C ST I RRER WH I CH WORKED OU T MU CH BE TTE R. 

IT CAME I N VERY HAND Y PA RTIC UL AR LY WHEN TH E ALK YL I OD I DE WAS 

ADDED . THE SO L UT I ON WI TH T HE RAD I OA CTI VE I OD I DE ADDED WAS 

PLACED I N THE WA T ER BA T H UN TI L THE SO LUTI ON REACHED T HE WATER 

BATH TEMPERA TURE . A 5ML SAMP L E WAS WI THDRAWN TO BE COUN T ED 

FOR T HE T::::.Q S AMPLE AND THE N TH E F LASK WAS REMOVED AND THE 

ALKYL I OD I DE WAS ADDED AND MI XED I N AS FAS T AS POSS I B L E ■ TH E 



FLASK WAS T HEN RETURNED TO THE WAT ER BATH. THE FLASK WAS KEPT 

STOPPER ED WITH A RUBBER STOPPER EXCEPT WHEN THE REACTANTS WERE 

BEING ADDED AND SAMP LE S WERE BEING WITHDRAWN. THIS PRECAUTION 

WAS TAKEN IN ORDER T O LIMIT THE ADSORPTION OF WATER BY THE 

SOLUTION. THE TIME T =O WAS MARKED AT ' A CONSIST EN T TIME DURING 

THE ADDITION OF THE ALKYL IODIDE FOR ALL THE RUNS. AT APPROP R IATE 

INTERVALS (R ~ NGING FR OM 5 T O 30 MI NUTES) 5ML SAMPLES OF THE 

REACTION MIXTURE WERE WITH DRAWN TO BE COUNTED ■ COUNTING OF THE 

SAMPLES t</ AS 0 ONE AFTER TH E RUN WAS COMPLETED I N AS SHORT A 

TIME AS POSS IB LE IN ORDER T O MINIMIZE THE ERRORS DUE TO THE 

DECAY OF TH E f* • A CORRECTI ON MUST BE AP PLIE D T O THE FIRST 

S AMPLE OF EACH RUN IN ORDER TO TAKE I NT O ACCOUNT THE FACT THAT 

THE FIR S T SAMPLE IS WITHDRAWN BE FORE THE ALKYL IODIDE IS ADDED. 

IF WE LET 

THEN 

VS I = VOLUME OF NA I I N ACETO NI TR I LE W H I CH WAS TAKEN 
VS IR = VOLUME OF NA I* ADDEO 
VI MP = VOLUME OF I MPURITIES ADDEO 
VALKI = v o LUME OF ALKYL I OD I DE ADDEO 
COLJNTS = NUMBER OF C OUNTS PER MINUTE OBTAINED FR OM T HE SAMPLE 

== COUNTS • VST + V5 lR + \/IMP._ YSAMP 

V Sl. r V ~ I ~ + V I 1'1t f> 'I- VAL kl - V SAM? 

PREPARATION OF THE SAMP LE FOR COUN TI NG 

5ML OF CC L
4 

AND 7nL OF H2 0 ARE PIPETE0 INTO A CLEAN, DRY 

6OML SEPARATOR Y FUNNEL ■ THE FIVE ML SAMPLE OF THE REACTION 

MIXTURE I S PIPE TE D INTO THI S MIXTURE TO QUENCH T HE REACTION, 

THE ALKYL IODIDE GOING INT O THE CC L4 PHASE WHILE THE NAI GOES 



INTO THE AQUEOUS PHASE. As THE AQUEOUS PHASE IN~REASED IN 

VOLUME T O SLIGHTLY OVER 8ML, A LITTLE MOR E TH AN 1ML OF THE ACETO­

NI TRILE MUST ALSO HAVE GONE I NTO THE AQUEOUS PHASE WITH THE 

REMAINDER GOING I NTO THE CCL 4 PHASE. (SHOULD THIS SEEM 

UNDES I RAB L E, ONE MIGHT TRY OTHER NITRILES AS SOLVENTS SUCH AS 

PROPIONITRILE ETC. ) THE SEPARATORY FUNNEL IS SHAKEN AND T HE 

PHASES ARE ALLOWED TO SEPARATE. THE P ROPOR TI ON OF CC L
4 

TO 

H20 HAD BEEN PREVIOUSLY CHOSEN SO AS TO AVO ID THE DI FFICULTIES 

ENCOUNTERED WIT H THE FORMATION OF SLOWLY SEPARATING EMULSIONS. 

IN SOME CASES, HOWEVER, DIFFICULTIES WERE STILL ENCOUNTERED. 

IN THESE CASES IT WAS FOUND THAT IF THE SEPARATORY FUNNEL WAS 

SHAKEN GENTL Y, THE EMULSION DID NO T FORM. AF T ER THE MIXTURE 

HAS SEPARATED, THE BOT TOM CCL
4 

PHASE IS RUN OFF AND DISCARDED 

IN THE WAS TE CONTAINER. FROM THE REMAIN I NG AQUEOUS PHASE, TWO 

4ML SAMPLES WERE WITHDRAWN BY PIPET AND EACH WAS RUN I NTO ONE 

OF THE SPECIAL GLASS TUBES. THESE TUBES HAVE A PLASTIC SCREW 

CAP WHICH WAS THEN SCREWED I N PLACE. THE T UBES CAN NOW EITHER 

BE COUNTED DIRE CTLY OR IF THERE IS DIFFICULTY WITH DROPS OF 

LIQUID CLINGING TO THE S IDES OF TH E TUBE (AFFECTING THE GEOME TRY 

OF THE SAMPLE IN THE COUNTER) TH E TUBES CAN BE CENTR IFU GED AT 

~ SPEEDS FO R ABOU.T A MI NUTE TO GET ALL THE LIQUID DOWN IN 

THE BO TT OM OF THE TUBE AND THE N COUNTED. (THE TUBES DO NOT FIT 

PROPERLY I N THE CENTRIFUGE AND AT HIGH SPEEDS THEY SHATTER.) 



l.l 
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TABLES 1,2&3 CONTAIN T HE FOLLOWING INFORMATION ANO ARE 

ARRANGED IN THE FOLLOWING FORMAT. TABLE 1 CONTAINS THE FACTORS 

I NV O L VE D I N THE ERROR FORMULA FOR C0 , Ci, , AND Cj AS CALCULATE O 

FROM THAT FORMULA. TABLES 2 AND 3 CONTAIN THE SAME INFORMATION 

CALCULATED EMPIRICALLY BY ONE AT A TIME MAKING A 1% ERROR IN 

EACH OF THE COUNTING RATES. TABLE 2 IS FOR A POSITIVE ERROR 

ANO TABLE 3 IS FOR A NEGATIVE ERROR. ALL THE TABLES ARE BASED 

ON THE OATS FROM RUN 18-1. TH E DATA IS ARRANGED IN MATRIX FORM 

WITH EITHER THREE OR FOUR ENTRIES APPEARING IN EACH SLOT. 

THE FIRST OF THESE ENTRIES GIVES THE FACTOR FOR THE C0 ERROR 

TERM. THE SECOND IS THE FACTOR FO R THE Ci ERROR TERM, ANO THE 

THIRD IS THE FACTOR OF THE Cj ERROR TERM. NO TE THAT IN THE 

F I R S T C O L U M N T H E C, E R R O R T E RM A N D T H E C0 E R RO R T E RM M U S T B E 

COMBINED SINCE FOR THIS COLUMN C0 : ~i • THE FOURTH ENTRY IN 

TA BLE 1 IS THE FACTOR FOR THE A1+A2 ERROR TERM WHICH WAS NOT 

CALCULATED IN THE THE OTHER TWO TABLES. 

IS LISTED BELOltJ. 

THE OAiA FOR RUN 18-1 

l ~ - I 

/ l ~ / i' /07''2. 11./1,9' ~D/,1 'iH t../,? 'tl4"f,'T c.r-
l~oc, ;i.100 'J ooc 3"1 oo Sec. 

K· /03 

t b ·t 
I i..._ --l 

t'-1 ) 

'3, S"l.oo 

;;l,40 ""1 

-- • '1 }I) 'I 

l(.,S',} C./ 

~.S?S'S 



TABLE 1 

TO T2 T3 

T1 .043356 
-------
.043356 

-.004324 

T2 .016476 . 007515 
------- .014L~52 
.016476 .021968 

-.003966 -. 003847 

T3 . 019432 . 015442 .023374 
------- .007226 .021968 
.019432 . 022671 . 045342 

-.007500 -.007906 -.011966 

T4 .022653 .020350 .026771 
------- .004817 .01 0984 
.022653 .025170 .037755 

-. 009810 -.01 0418 -.013705 

T5 . 034496 .033752 .. 042505 
------- .003656 .007323 
.034496 .037370 .049827 

-.016285 -.017279 -.021760 

AVERAGE OF ERRORS FOR Co FROM COLUMN 1 
AV E RAG E OF E R RO RS F O R C0 F ROM W HO L E T A B L E 

T4 

.030166 

.045342 

.075510 
-.015443 

.052070 

. 022671 

.074741 
-.026656 

.027283 

.030823 

T5 

.073980 

.075510 

.149482 
-.037873 



TABLE 2 

TO T1 T2 T3 T4 

T1 . 01+482 
------
. 04371 

T2 .01721 . 00801 
------ . 01457 
. 01651 . 02201 

T3 . 02099 . 01702 .02603 
------ . 00728 . 02201 
. 01896 . 02212 . 04424 

T4 . 02562 . 02349 .03123 .03643 
------ .00486 . 01100 .04423 
. 02135 . 02372 . 03558 . 07116 

T5 .. 04457 . 04455 . 05673 . 07208 .1 0772 
------ .00364 . 00734 . 02212 . 07115 
. 03002 .03252 . 04336 . 06505 .13010 



TABLE 3 

TO T1 T2 T3 r 4 

T1 .04401 
------
.04544 

T2 .01657 .00741 
------ .01515 
.01751 .02336 

T3 .01897 .01479 .02217 
------ .00758 .02336 • 
. 02145 !02502 .05004 

T4 .02132 .01880 .02450 .02682 
------ .00505 .01168 .05005 
.02626 .02918 .04376 .08753 

T5 .02997 .02880 .03593 .04281 .05881 
------ .00379 .00778 .02502 .08754 
. 0'+590 .04973 .06631 .09946 .19891 



THE FORMAT OF T HE FOLLOW IN G TABLE S LA BLED DATA I, I I ,I I I , AND 

IV I S AS FOL LOWS . DAT A I AND I I GIVE THE VALUES OF K CALCULA TED 

BY TH E COMPUTER ALONG WITH TH E S TA NDARD DEVIATIONS AND PERCEN T 

ERROR. THE FIRST COLUMN G I VES THE AVERAGE OF ALL THE K VALUES 

CALCULATED WITH TH E ASSOC I ATED S TAN DARD DEV I ATIONS AND PERCENT 

ERR ORS I MMEDI ATELY AFT ER. THE SECOND TH RE E COLUMNS GIVE THE 

SAME DA T A F OR THE CASE \.J HERE Ci_ = C0 • FOR EASE I N HANDLIN G, 

T HE VALUES OF KAND THE STANDARD DEV I AT I ON HAVE BEEN MUL TI PL IED 

BY A FACTOR OF 1000. DATA I I I AND I V G I VE THE CONCENTRA TI ONS 

OF THE REAC T ANTS. THE COLUMN F OR H20 GIVE S THE NUMBER OF ML 

OF WATER ADDED T O TH E REAC TI ON MIXTURE. THE OT HER TH RE E COLUMNS 

GI VE THE CONCENTRAT I ONS I N MOLES PE R LITER AND HAVE BEEN 

MULTIPL I ED BY A F AC TOR OF 100 FOR EASE OF HANDL IN G. \11/H ERE 

VALUES HAVE NOT BEEN L I STED I N A COLUMN, THE Y ARE THE SAME 

AS THE LAST VALUE L I S TED, ANO TH E SP ACE HAS I N SOME CASES 

BE E N USED F OR OTHER COMMENTS. 



DATA 

RU N K ST.DEV. % K1 ST ST.DEV. % MA TRIX COL. 

6-1 1.10 0 .14 

7-1 11. 93 0.28 
7- 2 2 . 03 0.20 

9-1 2 .74 0 .1 1 
9-2 3 . 06 0 .11 
9-3 3 . 55 0.67 

12-1 2 . 55 0. 15 4. 2 2.56 0 . 06 2.4 
12-2 2 . 39 0 .08 ~~6 2 . 43 0.06 2.7 
12-3 3 . 60 1.43 39.8 3 . 05 0 . 61 20.0 

14-1 2.42 0.59 24. 2 2.54 0 . 20 7 . 8 
14-2 2.74 0 . 42 1 5.3 2.74 0. 14 5 .1 
14-3 2.56 0 . 24 9 .2 2.75 0 .17 6 . 0 
14-4 2 . 60 0 .41 15.6 2.73 0 .1 3 5 .1 

18-1 2.60 0 . 37 14.2 2.75 0 . 41+ 16.1 
18-12 2.68 0 . 67 25 . 2 2.69 0 . 22 8.2 
18-13 2 . 51 0 . 29 11 . 5 2 . 57 0 . 23 9 .0 
18-14 2.61 0.17 6.6 2.64 0.13 5 .0 
18-2 2.45 0.48 19 . 5 2.64 0 . 23 8 . 8 
18-22 2.20 0 . 31 14.2 2.36 0.21 9.1 

20-1 2 . 90 0.05 1.8 2.88 0 . 07 2.5 
20-12 2 . 72 0 . 28 10. 3 2 . 87 0 . 16 5.7 
20-2 2 . 82 0 . 20 7.1 2.89 0.14 4.9 
20-22 2 . 60 0 . 36 13. 9 2.74 0 . 22 8 . 0 

21-1 2 . 74 0 . 31 11.5 2.92 0.20 6.8 
21-2 2.49 0.50 20.2 2 . 79 0 . 37 13 .1 
21-3 2 . 77 0 . 38 13.6 2 .97 0 . 20 6 .7 
21-41 3 . 55 0 . 25 7 . 0 3 . 71 0.23 6 . 3 



DATA ti 

RUN K ST.DE V. % K1 s T ST.DEV. % MATRIX COL. 

24-10 1.87 0.11 5 .8 1.88 0.06 3.0 
24-11 1.80 0 .1 8 10.2 1. 71 0 .1 6 9 .2 
24-12 1.87 0 . 20 10.7 1. 90 0.07 3 . 6 
24-1 3 1.86 0 .1 3 7.2 1 .94 0.08 4.3 
24-14 1.80 0.25 13. 7 1. 93 0.15 7.9 
24-15 1 . 86 0.23 1 2 . 6 1. 89 0.08 4.3 
24-1 6 1.90 0 . 2[:3 14 . 6 2.04 0 .14 6.3 
24-17 1.95 0 . 23 10.-5 2.11 0 .1 8 8 .3 
24-18 1. 93 0.08 4.4 1.99 0.09 4.4 
24-1 9 1.80 0 .1 9 10.5 1.75 0.12 6 .8 

25-1 0 0 . 972 0.061 6.2 0.940 0.048 5 .2 
25- 11 1. 00 0 .1 0 10.4 0.925 0 . 072 7.9 
25-12 1. 04 0.12 11.3 0 . 968 0 .1 28 '13. 2 
25-1 3 1.04 0.1 1 10~. 9 0 . 953 0 .148 15.6 
25-14 1.03 0 .1 0 9 . 3 1.01 0 . 04 4.1 
25-15 0 . 996 0.0'78 7.8 0.932 0 .101 10.9 

26-10 1. 7''1 0.15 9 . 2 1. 77 0 . 06 3.5 
26-11 1. 75 0 . 06 3 . 2 1. 77 0 . 02 1.3 
26-12 1.80 0.04 2 . 2 1.82 0 . 03 1. 6 

26-20 1 . 01 0 .04 4.1 1. 01 0.03 3 .3 
26-21 1.04 0 . 05 5 . 2 1 . 07 0 .04 3,. 3 
26-22 1. 03 0.05 4.9 1.07 0 .05 4. 8 

26-40 1.87 0 . 09 4. 9 1.95 0.09 4.8 
26-41 1.87 0 . 09 4.6 1. 93 0 .06 3.3 
26-42 1.89 0 .07 4.0 1. 94 0.06 3.2 
26- 43 1.95 0.06 3.3 1. 99 0.06 3 .1 
26-50 1. 92 0.05 2.8 1. 97 0 . 06 3 .3 
26- 51 1. 92 0.08 4.3 1. 99 0 .1 0 5 .0 



DATA Ill 

RUN R I SI H2 O NACLO4 

6-1 7 . 91 9 .1 0 0 0 

7 -1 8 . 69 9.89 
7 - 2 

9-1 9 . 64 9 . 89 
9-2 O.O25ML 
9-3 9,63 O.O5M L 

NA I SO LU TI ON USED I N RUNS 6 - 1 TO 9 -3 WAS OF UN KNOWN ORIGIN AND WAS 
REPU TED TO BE 0. 1 N. T HE NAI * HA D H2 O I N IT. 5M L OF NAI* WERE 
ADDED TO 6-1 WH I LE 0 .05 ML WERE USE D IN RUNS 7-1 TO 9 - 3. TE MP ERATURE 
OF 6 -1 WAS 22 . 8 ° C . WH ILE THAT OF 7-1&2 WAS ABOU T 23 °C. TE MP ERATURE 
OF 9 -1 TO 9-3 WAS 25-27°c .o ALL FU§THER RUNS WE RE COND UCTED IN 
A WATER BATH KEPT AT 25 . 35 +. 0 . 05 C. 

1 2 -1 
12-2 
12-3 

14-1 
14-2 
14-3 
14-4 

18-1 
18-12 
18-13 
18-14 
18-2 
18-22 

20-1 
20-12 
20- 2 
20- 22 

21 -1 
21-2 
21-3 
21 -41 

8 . 695 9 . 916 0 0 

IF VAL UE S CORBE SPO ND IN G TO t= 'fD ARE THRO\.JN OU T YO U GE T 

8 . 682 

8 . 673 

9 . 550 

1 8 . 90 

41.35 
36 .99 
71. 00 

9 . 921 

9 . 911 

1 9 . 5? 

9.698 

9 . 444 
9 . 494 
9 .1 -10 

SAMPLES_ WASH ED TWI CE WIT H CCL 4 

PROBABLE ERROR I N ME ASUREMEN T OF T I ME 



RUN 

24-1 0 
24-11 
24-12 
24-13 
24-14 
24-1 5 
24-1 6 
24-1 7 
24-1 8 
24- 19 

25-1 0 
25-11 
25-1 2 
25-13 
25-1 4 
25-15 

,26-1 0 
26-11 
26-12 

26- 20 
26- 21 
26-22 

26-40 
26- L~1 
26-42 
26- 43 
26- 50 
26-51 

DATA IV 

RI SI H
2

0 NACLO4 

1 9 .06 9 . 798 0 87 . 96 COUNTED 4:45 PM 
COUN TED 7:00 PM 
COUN T ED 9 : 00 PM 

CENTR IF UGED COUNTED 9 : 30 PM 
COU NTED NEKT DAY 

SHOOK SAMPLE TUBES BEF ORE COUN TING 
CENTRIFUGED 

SHOOK SA MP LE TU BES BEFORE COUNTING 
CE NTRIFU GED 

18.66 9 . 602 1. OM L 86 . 28 3HR. WAIT BEF OR E COUNTING 
CEN i' RI F U GED 
NEXT DA Y-- COU NTER LEFT ON OVE R N I GHT 
TWO TUBES REP LAC ED IN COUNTER--COUNTED T HRE E HO URS LATER 

19.02 9.770 0 87 . 79 

CENTRIFUGED ONE DA Y AND COUNTED TH E NEX T 

18.62 9 . 584 1. OM L 86 .1 2 

CE NTR IF UGED ON E DA Y AND COUNTED TH E NEX T 

9.563 0 85.93 
CENTRIFUGED 
COUN T ED T HE NE XT DAY 

CENTR I FUGED 

A MAGNET IC S TI RRER WAS USED I N RUNS 26-40 TO 26-51 
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