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THE 10ODIDE EXCHANGE REACTION IN ACETONITRILE

THE INITIAL OBJECTIVES OF THIS RESEARCH WERE TO INVESTIGATE

THE DEPENDENCE OF THE RATE CONSTANT OF THE EXCHANGE REACTION

R + 1% Ko prt . T

UPON:

A, TEMPERATURE

Be lonNtc STRENGTH AND NAl CONCENTRATION

C. ALKYL 1ODIDE CONCENTRATION

Do ALKYL 10DIDE

BECAUSE OF THE LARGE ERRORS AT FIRST PRESENT AND ALSO

DUE TO A LACK OF TIME, NO DATA WAS GATHERED RELATING EIJTHER
T0 A« OR Do THAT GATHERED ON Be AND Ces WAS EITHER TOO SCANTY
OR TOO INACCURATE TO DRAW MANY CONCLUSIONS 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. A SECOND ORDER SCHEME INVOLVING Rl AND |~ WITH RATE GCONSTANT K

RL '+ I¥ —K o py¥ & 1

RI*"' I— ___K_a_._; RT + —I;’_

B. A SECOND ORDER SCHEME INVOLVING RI aAnD Nal (unNDISSOCIATED)
WITH RATE CONSTANT Ké
/

RT + NaT* -—-’—<-*——-> RT* + Na® &+ T"
/ -
RI* + NaT _ﬁ_; RT + Nt 4 :[*

THE REACTION MECHANISM FOR THIS PARTICULAR SCHEME WOULD
PROBABLY BE SOMETHING LIKE?

o\"I-* * R-1 =5 Na'-'-"I*-"--- Rovwin T —m> N«+ + IiR P

Co A FIRST ORDER SCHEME INvOLVING RI (AND LATER EITHER | o0OR Nal)
WITH RATE CONSTANT Kq
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NOTE THAT SINCE [x+] _ [N.T*]

— MRS

[z] + [z7] [NaT*] + [Ra 1]

+ * EI*j
THAT THE FRACTION OF R 10ONS WHICH FORM RI 1S JUST
[3%] + L]
WHETHER OR NOT THE |* WAS ORIGINALLY AN 1ON OR NAl*,
THESE THREE REACTION SHCEMES LEAD TO THE FOLLOWING ODIFFERENTI!AL

EQUATION:

s ks ([R14027] - Ixr](:r*-]) . K/ ([u»]m.;r}-[m][mq)
+ k,([RI*]' i - [Rr1]. E_lﬁﬁf:l__ )

At
[x*]+I17) T+]+[17] -
NoTE: THE FIRST ORDER FORWARD REACTION CONTRIBUTES |* AT THE

& + .
RATE iﬂ[RI*I)Howesz WHEN THE R’ RECOMBINES)ONLY THE FRACTION
__izgl_——w:LL AVOID REMOVING THAT |* FROM SOLUTION. HENGCE

[x¥-]+Iz]

THE ACTUAL CONTRIBUTION OF THE FORWARD FIRST CRDER REACTION

I's K, {R:c*].__[_x_—l___

[z¥])+ [T7]
ALSOJIF Ko 1S THE DISSOCIATION CONSTANT FOR THE REACTION
KD [ + =
. Nat][T
Nal Z—= Na* =+ T K, = LA
[N.T]
THEN
nc][3]
N ]: = —_——
[vez) = 25

THE DIFFERENTIAL EQUATION CAN NOW BE WRITTEN:

d [T%] ( K/ l
K —__l_. o + ® = . =
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WE NOW MAKE THE FOLLOWING SUBSTITUTIONS

[R1] [R17] [17] [1*=]

e
[Na™] [NacLo,)
time = o) A (6] B C B+C+Z .
+Me = t A"'x X B*X C"x B#C+Z Z

NoTE: B+C=1_

ON | - w, 9 A o N ASS D

1S COMPLETELY DISSOCIATED IN ACETONITRILE

THE DIFFERENTIAL EQUATION CAN NOW BE REWRITTEN

~de -k (ase - a-ale-s)

= K ([a+8eclx — AC)

THEN:
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ERROR ANALYSIS

LET €. = CcPM OF THE SAMPLE TAKEN AT TIME t¢; with  ¢; >¢;
A, = [KI] Aa: [I‘] + [a*-] i t,; <tj
THEN ,
K = Aot %JAWAQ“Al

(AJ*AQ(?'." “‘t) C,
iR 7{;(;\,+/.\;>—Al
PARTIAL DIFFERENTIATION WITH RESPECT TO THE PROPER VARIABLES

YIELDS THE FOLLOWING FIRST ORDER APPROXIMATION TO THE ERROR IN K:
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CALCULATION OF ERRORS DUE TO VARIATION IN THE COUNTING
BASED ON THIS FORMULA COMPARE FAIRLY WELL WITH VALUES OBTAINED
EMPIRICALLY. (SEE TABLES 1,2&5). HOWEVER, AS CAN BE SEEN, THERE
1S SOME SECOND ORDER CONTRIBUTION TO ALL THE TRUE VALUES AND EVEN
SOME THIRD ORDER CONTRIBUTIONS TOWARDS THE END. THESE VALUES
ALSO REVEAL THAT CERTAIN MEASUREMENTS ARE MUCH MORE CRITICAL
THAN OTHERS. |IN PARTICULAR, THE FIRST AND LAST MEASUREMENTS
ARE ESPECIALLY CRITICAL AS A 1% CHANGE IN ONE OF THEM CAN MAKE
A 15 10 20% CHANGE IN THE VALUE OF K. ALSO, IT CAN BE SEEN THAT
SINCE ONE OF THE COEFFICIENTS IN THE ERROR TERM INVOLVING

RI anp NAl 1s SIMILAR TO THAT IN THE TERM FOR C, , IF Aq—Rg



{S OF THE SAME MAGNITUDE AS A2 OR LARGERy THE ERROR DUE TO A
SMALL ERROR

IN EITHER THE RI oRrR NAl wiLL BE OF THE SAME MAGNITUDE
AS THE ERROR DUE TO A SIMILAR CHANGE IN & o THUS, IF AT ALL
POSSIBLEy ONE SHOULD KEEP A,lgsA2 TO MINIMIZE ERRORS.
NOTICE THAT IF THE TIME

ALso
INTERVALS ARE CHOSEN CORRECTLY, SOME OF
THE ERRORS IN THE C;5 ANDCSWiILL BE OF EQUAL MAGNITUDE BUT OF

OPPOSITE SIGN., THUS SOME OF THE ERRORS WILL CANCEL EACH OTHER
OUT WHEN AN AVERAGE 1S5 TAKEN.
ANOTHER SOURCE OF ERROR TO BE CONSIDERED IS THAT DUE TO
THE FACT THAT IT TAKES A FINITE AMOUNT OF TIME FOR THE SAMPLE
TO RUN INTO THE WATER WHICH QUENCHES THE REACTION.
FACT,

THE RADIOACTIVITY OF THE NAI

DUE T0O THIS
WOULD BE FOUND

WiLL BE SLIGHTLY LOWER THAN
IF THE SAMPLE WERE QUENCHED

INSTANTANEOQUSLY.
|F WE MAKE THE APPROXIMATION THAT DURING THE SHORT TIME
THE SAMPLE TO RUN

IT TAKES
INTO THE WATER,
CONSTANT, AND

THE EXCHANGE RATE REMAINS

GET AN

IF WE ALSO MAKE THE APPROXIMATION THAT THE REACTION
MIXTURE RUNS OUT OF THE PIPET AT A CONSTANT RATEs, THEN WE CAN

—

IDEA OF THE MAGNITUDE OF THE ERROR AS FOLLOWS:
LET T = CHANGE

IN COUNTING RATE PER ML OF SOLUTION
(APPROXIMATED AS A CONSTANT)

TOTAL NUMBER OF COUNTS LOST DUE TO THE TIME DELAY
IN QUENCHING
t, = TIME AT WHICH QUENCHING BEGINS
t, = TIME AT WHICH THE PIPET

IS FINALLY EMPTILED
THEN AT THE TIME WE ARE ABOUT TO QUENCH THE REACTION THE TOTAL

P\ %
CHANGE IN COUNTING RATE FOR THE 5ML SAMPLE wiLL BE ST AND WE
CAN WRITE:



t _t,
t,
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= ~ (5 __t
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USING SOME OF THE DATA FROM “18-1 WE OBTAIN THE FOLLOWING

ESTIMATION OF THE ERRORINVOLVED FOR THE FIRST SAMPLE MEASURED.

e, = 11€18 cpn c,‘-“— lo74a2 epr~ t,—-to_‘: 300 sec
51T = 8% —jovez _ Joac
300 300
T= Je2e | 0 = IT.1 cpm
2+ 300

THUS ASSUMING THAT IT TAKES 10 SECONDS TO DRAIN THE PIPET, WE
FIND THAT THE COUNTING RATE FOR THIS FIRST SAMPLE, 10792 cpmM,
WOULD ACTUALLY BE LOW BY ABOUT 17 cPM, AN ERROR AMOUNTING TO

APPROXIMATELY O.16%s THIS ESTIMATE IS ACTUALLY A LITTLE BIT

HIGH AS THE APPROXIMATION OF THE COUNTING RATE IS ALSO A

LITTLE BIT TOO HIGH.



DISCUSSICN OF DATA

CALCULATIONS BASED ON THE EQUATION DERIVED BY CONSIDERING
THE THREE POSTULATED REACTION MECHANISMS YIELD THE COMPOSITE
VALUE:

R T

THIS INDICATES THAT K SHOULD BE INDEPENDENT OF THE CONCENTRATION
OF ALKYL (0DIDE, SHOULD INCREASE WITH IMCREASING SODIUM |ON
CONCENTRATICON AND SHOULD INCREASE WITH DECREASING IODIDE ION
CONCENTRATION, NOTE THAT AN INCREASE IN Na¥ wiLL cause a
DECREASE IN | 4 HENCE THE ADDITION OF NACLO4 SHOULD CAUSE AN
INCREASE IN K. THE DATA, HOWEVER, CLEARLY INDICATES THAT THIS
IS NOT THE CASE. HENCE SOME OTHER EFFECT WHICH HAS NOT BEEN
CONSICERED MUST BE AFFECTING THE REACTION. SPECULATION AS TO
WHY THIS SHOULD HAPPEN YIELD THE FOLLOWING POSSIBILITIES.,
FIRST, AS WAS SHOWN BY EXPERIMENT, A VERY SMALL AMOUNT OF WATER
(1ML 1N 50ML OF SOLUTION) WAS ENOUGH TO CAUSE A VERY LARGE
DECREASE IN THE RATE CONSTANT (30--40%). THE NACLO4 USED

CAME FROM A FRESHLY OPENED BOTTLE OF REAGENT GRADE MATERIAL}
HOWEVER, IT 1S POSSIBLE THAT 1T HAD SOME WATER OF HYDRATION
ALONG WITH 1T. SECONDLY, THERE 1S THE POSSIBILITY THAT THE
CLOZ 1ON IS BECOMING PART OF THE SOLVENT CAGE SURROUNDING THE

ALKYL 10ODIDE MOLECULE AND THAT 1TS CHARGE PREVENTS THE 10DIDE



ION FROM GETTING THROUGH TO REACT WITH THE ALKYL IODIDE. |IF
THIS EFFECT IS TAKING PLACE, ONE WOULD CONSIDER IT MOST LIKELY
TO EXPECT TO FIND THE CLO; 1ON AS FAR AWAY FROM THE I10DIDE
PART OF THE MOLECULE AS POSSI%LE, LE.y ON THE BACK SIDE OF THE
MOLECULEyWHICH IS THE SPOT THE I10DIDE 10N ATTACKS IN THE
BIMOLECUBAR PROCESS. THE PRESENCE OF THE CLO; IN THE SOLVENT
CAGE WOULD ALSO BE EXPECTED TO HELP ACCELERATE THE UNIMOLECULAR
REACTICN BY HELPING TO PUSH THE 10DIDE OFF OF THE ALKYL CATION,
THUs IF THIS 1S WHAT 1S HAPPENING WE WOULD EXPECT THE SN2 REACTION
TO BE SLOWED DOWN AND THE SN4 REACTION TO BE SPEEDED uP. FINALLY
OF COURSE, THERE MAY BE SOME EFFECT OF INCREASED IONIC STRENGTH
WHICH 1S BEING OVERLOOKED.

| SHOULD ALSO NOTE AT THIS POINT THAT IN ONE OF THE EARLY
EXPERIMENTS IN WHICH | ADDED FIRST 254L AND THEN 50ul 0F WATER,
THE RATE APPEARED TO INCREASE BOTH TIMESs BUT UNFORTUNATELY,

THE ACCURACY ON THE SECOND EXPERIMENT WAS VERY BAD AND NEITHER
EXPERIMENT WAS EVER REPEATED. JTHIS ‘SHOULD BE CHECKED INTO AGAIN,
FINALLY, IT 1S INTERESTIMG TO NOTE THAT THEORETICALLY, WE

COULD USE THIS REACT!ON TO DETERMINE THE DISSOCIATION CONSTANT
FoOR NAl IN ACETONITRILE. IR WE MEASURE ALL THE OTHER PARAMETERS
VERY ACCURATELY, THEN WE CAN CONSIDER THE UNKNOWN VARIABLES 1IN
THE EQUATION AS K, [Rq s AND [l-] o THUS BY USING 5 CALCULATED
VALUES OF K, AND THE KNOWN FORM OF THE ERROR EQUATION WE CAN SET
UP A SYSTEM OF THREE EQUATIONS IN THREE UNKNOWNS AND ITERATE THIS

SYSTEM TO OBTAIN ACCURATE VALUES OF K, [Rﬂ s AND [I—} e THIS

INFORMATICONy ALONG WIMH THE KNOWLEDGE OF HOW MUCH Nal was



INITVALLY ADDED WOULD BE SUFFICIENT TO CALCULATE THE VLAUE OF

KD-



SOLUTIONS, APPARATUS, AND PROCEEDURES
SoLUTIONS

ACETONITIRLE=~MATHESON, COLEMAN, AND BELL(TECH GRADE)-—=ST2467
WAS DISTILLED FROM ANHYDROUS CAS(Q, AND RUN THROUGH
A CHROMATOGRAPHIC COLUMN CONTAINING AL~0- WHICH
HAD BEEN HEATED 4 pAYS AT 250°C. IT w SBSTORED
IN A BOTTLE WITH A SQUEEZE BULB MECHANISM FOR
DELIVERY AND PROTECTED BY DRYING TUBES CONTAINING
"DRIBRITE."

NAl==BAKER AND ADAMSON(REAGENT GRADE )—-=ST4619
NACLO4—~ANHYDROUS FROM G.FREDRIC SMITK CHEM. C0.-=ST4635

N=BUTYL 10DIDE=—REAGENT GRADE=—=PROTECTED WITH MERCURY IN THE
BOTTOM OF THE CONTAI|IMNER

CCL4--REAGENT GRADE
HQO——DISTILLED WATER FROM THE TAP

SOLUTIONS WERE PREPARED BY WEIGHING INTO A VOLUMETRIC FLASK THE
APPROPRIATE AMOUNT ofF Nal (AnD NACLO, WHEN USED).
ACETONITRILE WAS THEN ADDED TO MAKE THE SOLUTION
UP TO THE MARK. THE PREPARED SOLUTIONS WERE KEPT
IN JARS WITH GROUND GLASS STOPPERS.

APPARATUS

A WATER BATH EQUIPPED WITH A HEATER CONTROLLED BY A THERMOREGULATOR,
A BECKMAN THERMOMETER GRADUATED IN O.017°C., AND
A COOLING COIlL.

THE COOLING COIL WAS SUPPLIED WITH WATER FROM AN [CE BATH BY
A WATER CIRCULATING PUMP CONTROLLED BY A
VARIAC TRANSFORMER

A NucrLeEAR CHICAGO SINTILLATION COUNTER

1%5==5ML PIPETS

12=<4ML PIPETS

1-=<50ML PIPET

1==7ML PIPET

ASSORTED MICROPIPETS RANGING FROM .025ML TOo 1.0ML
1=~AUTOMATIC PIPET FILLER BULB



MAGNETIC STIRRER AND SEVERAL LARGE STIRRING BARS
3=-=150ML ERLENMEYER FLASKS
3-=60ML SEPARATORY FUNNELS
24 OR MORE SPECIAL LOW ADSORPTION GLASS TUBES OBTAINED FROM
NucLEAR CHICAGO
PROCEEDURES

STANDARD PRECAUCIONS WERE TAKEN IN THE HANDLING OF THE '154.
DISPOSABLE RUBBER GLOVES WERE WORN WHEN HANDLING RADIOACTIVE
SOLUTIONS., THE GLOVES AND OTHER SUCH MATERIAL WERE DISCARDED
IN A CLOSED, MARKED CONTAINER. RADIOACTIVE SOLUTIONS WERE DISCARDED
INTO A PRASTIC BOTTLE AND THE BLASSWARE WHICH CONTAINED THESE
SOLUTIONS WAS RINSED AT LEAST TWICE WITH 0.1 F KI soLUTiION.
THESE RINSINGS WERE ALSO DISCARDED IN THE RLASTIC BOTTLE. WHEN
THE BOTTLE WAS FILLED, THE SAFETY OFFICE WAS CALLED TO COME AND
DISPOSE OF THE MATERIAL AND LEAVE A NEW BOTTLE.

THE PROCEEDURE FOLLOWED DURING THE RUNS WAS AS FOLLOWS:
50ML oF NAIl SOLUTION WAS wnTHDRAWN AND PIPETED INTO A 150MmML
ERLENMEYER FLASK. AN APPROPRIATE AMOUNT OF NAIl* wAS ADDED TO
GIVE A COUNTING RATE OoF 10,000 10 50,000 cPM. THE SOLUTION
WAS THEN MIXED BY SWIRLING THE FLASK. TOWARDS THE END OF THE
WORKy | SWITCHED TO A MAGNETIC STIRRER WHICH WORKED OUT MUCH BETTER,
IT CAME IN VERY HANDY PARTICULARLY WHEN THE ALKYL 10DIDE WAS
ADDED. THE SOLUTION WITH THE RADIOACTIVE (ODIDE ADDED WAS
PLACED IN THE WATER BATH UNTIL THE SOLUTION REACHED THE WATER
BATH TEMPERATUéE. A 5ML SAMPLE WAS WITHDRAWN TO BE COUNTED

FOR THE T=0 SAMPLE AND THEN THE FLASK WAS REMOVED AND THE

ALKYL 10ODIDE WAS ADDED AND MIXED IN AS FAST AS POSSIBLE. THE



FLASK WAS THEN RETURNED TO THE WATER BATH. THE FLASK WAS KEPT
STOPPERED WITH A RUBBER STOPPER EXCEPT WHEN THE REACTANTS WERE
BEING ADDED AND SAMPLES WERE BEING WITHDRAWN., THIS PRECAUTION
WAS TAKEN IN ORDER TO LIMIT THE ADSORPTION OF WATER BY THE
SOLUTION., THE TIME T=0 WAS MARKED AT 'A CONSISTENT TIME DURING
THE ADDITION OF THE ALKYL I0ODIDE FOR ALL THE RUNS. AT APPROPRIATE
INTERVALS (RANGING FROM 5 TO 30 MINUTES) 5ML SAMPLES OF THE
REACTION MIXTURE WERE WITHDRAWN TO BE COUNTED. COUNTING OF THE
SAMPLES WAS DONE AFTER THE RUN WAS COMPLETED IN AS SHORT A
TIME AS POSSIBLE IN ORDER TO MINIMIZE THE ERRORS DUE TO THE
DECAY OF THE 1* o A CORRECTION MUST BE APPLIED TO THE FIRST
SAMPLE OF EACH RUN N ORDER TO TAKE INTO ACCOUNT THE FACT THAT
THE FIRST SAMPLE IS WITHDRAWN BEFORE THE ALKYL IODIDE 1S ADDED.
¥ WE LET

VS| =vorLumMe oF NAl IN ACETONITRILE WHICH WAS TAKEN

VSIR=voLuME ofF NAl* ApDED

VIMP=vOLUME OF IMPURITIES ADDED

VALK! = VOLUME OF ALKYL IODIDE ADDED

COUNTS = NUMBER OF COUNTS PER MINUTE OBTAINED FROM THE SAMPLE
THEN

VST + VSIR + VIMP e VSAMP
VeI + VSIR + VIMP +VALK) —VSAMP

(C.n—ec'\'e.l com\'\'lvxj \—a'}e> = COUNTS »

PREPARATION OF THE SAMPLE FOR COUNTING
5ML oF CCL4 AND /ML OF H20 ARE PIPETED INTO A CLEAN, DRY
60ML SEPARATORY FUNNEL. THE FIVE ML SAMPLE OF THE REACTION
MIXTURE 1S PIPETED INTO THIS MIXTURE TO QUENCH THE REACTION,

THE ALKYL IODIDE GOING INTO THE CCL4 PHASE WHILE THE NAl GOES



INTO THE AQUEOUS PHASE. AS THE AQUEOUS PHASE INCREASED IN
VOLUME TO SLIGHTLY OVER 8ML, A LITTLE MORE THAN 1ML OF THE ACETO=-
NITRILE MUST ALSO HAVE GONE INTO THE AQUEOQOUS PHASE WITH THE
REMAINDER GOING INTO THE CCL4 PHASE., (SHOULD THIS SEEM
UNDESIRABLE, ONE MIGHT TRY OTHER NITRILES AS SOLVENTS SUCH AS
PROPIONITRILE ETC.) THE SEPARATORY FUNNEL IS SHAKEN AND THE
PHASES ARE ALLOWED TO SEPARATE. JTHE PROPORTION OF CCL4 TO

H2O HAD BEEN PREVIOUSLY CHOSEN SO AS TO AVOID THE DIFFICULTIES
ENCOUNTERED WITH 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 GENTLY, THE EMULSION DID NOT FORM. AFTER THE MIXTURE
HAS SEPARATED, THE BOTTOM CCL4 PHASE 1S RUN OFF AND DISCARDED
IN THE WASTE CONTAINER. FROM THE REMAINING AQUEOUS PHASE, TWO
4ML SAMPLES WERE WITHDRAWN BY PIPET AND EACH WAS RUN INTO ONE
OF THE SPECIAL GLASS TUBES. T[HESE TUBES HAVE A PLASTIC SCREW
CAP WHICH WAS THEN SCREWED IN PLACE., THE TUBES CAN NOW EITHER
BE COUNTED DIRECTLY OR |F THERE IS DIFFICULTY WITH DROPS OF
LIQUID CLINGING TO THE SIDES OF THE TuBE (AFFECTING THE GEOMETRY
OF THE SAMPLE IN THE COUNTER) THE TUBES CAN BE CENTRIFUGED AT
LOW sPEEDS FOR ABOUT A MINUTE TO GET ALL THE LIQUID DOWN IN
THE BOTTOM OF THE TUBE AND THENCOUNTED. (THE TUBES DO NOT FIT

PROPERLY IN THE CENTRIFUGE AND AT HIGH SPEEDS THEY SHATTER«)



TABLES 1,2&3 CONTAIN THE FOLLOWING INFORMATION AND ARE
ARRANGED IN THE FOLLOWING FORMAT. TABLE ‘1 CONTAINS THE FACTORS
INVOLVED IN THE ERROR FORMULA FOR C, 4 C, 4 AND C AS CALCULATED
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
AND TABLE % 1S FOR A NEGATIVE ERROR.' ALL THE TABLES ARE BASED
ON THE DATH& FROM RUN 18-1. 4THE 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 €, ERROR
TERMs T[HE SECOND S THE FACTOR FOR THE €, ERROR TERM, AND THE
THIRD 1S THE FACTOR OF THE Cj ERROR TERM. NOTE THAT IN THE
FIRST COLUMN THE C€; ERROR TERM AND THE €, ERROR TERM MUST BE
COMBINED SINCE FOR TH!S COLUMN Cy,= ¢; o THE FOURTH ENTRY IN
TasLe 1 1S THE FACTOR FOR THE A,]+A2 ERROR TERM WHICH WAS NOT
CALCULATED IN THE THE OTHER TWO TABLES. THE DATA FOR RuUN 18=1

1S LISTED BELOW.

Ig-1
Cers lgie 10792 T,y
? 3‘7’07
= §304,9 %149, q ep
; 6 300 200 21060 EX-X-1) 3900 Se
C
3
K- lo
t, tl t‘l ~£) 1"4
3.5L00D
R.4Yo 99 2.039¢
R.7304 2.599¢ EAR g
.53 ¢ ULy 2.b203 2.0 92¢

285 2496¢ ENATTY 2.394¢ R.7064



TABLE 1

Ts T, T, Ty To
iy .043%56
.043356
~ 004324
To 016476 .007515

------- L014452
L016476  ,021968
.003966 —.003847

Ty L0194%2 015442 023374

------- .007226  .021968
L0194%2  ,022671 045342
.007500 =.007906 =~.011966

T, .022653  ,020350 .026771  .030166
_______ .004847  ,010984 045342

.02265%  ,025170  .0%37755  ,075510
.009810 =-.010418 =-.013705 =-,015443%

5 . 034496 055752 . 042505 .052070 .073980
------- .00%656 .0073%2% . D226 075510
. 034496 037570 049827 . Q74744 149482
-. 017279 -.021760 -.026656 -.0357873

I
(@)
S
)
N
o

\J1

AVERAGE OF ERRORS FOR Co, FROM cCOLUMN 1 027283
AVERAGE OF ERRORS FOR C, FROM WHOLE TABLE .0%5082%



TABLE 2

.00801
01457
.02201

.01702
.00728
02212

02349
. 00486
.02%72

04455
00564
~OB250

.02603%
.0220
NN

03123
.01100
.035558

.05673
.0073%4
JO45%56

.03%645
04423
07116

.07208
.02212
. 06505

. 10772
07115
+13010



P

. 04590

TABLE 3

.00741
1515
.02%3%6

01479
.00758
.02502

. 01880
.00505
.02918

.02880
.00379
04973

02217
02336
. 05004

02450
01168
043576

.03593
.00778
. 06631

.02682
+05005
08753

04281
.02502
09946

L0588
. 08754
« 19891



THE FORMAT OF THE FOLLOWING TABLES LABLED DATA 411,111 ,AND
IV 1s As FoLLows. DATA | AnD |l GIVE THE VALUES OF K CALCULATED
BY THE COMPUTER ALONG WITH THE STANDARD DEVIATIONS AND PERCENT
ERROR. THE FIRST COLUMN GIVES THE AVERAGE OF ALL THE K VALUES
CALCULATED WITH THE ASSOCIATED STANDARD DEVIATIONS AND PERCENT
ERRORS IMMEDIATELY AFTER. THE SECOND THREE COLUMNS GIVE THE
SAME DATA FOR THE CASE WHERE € =C, . FOR EBSE IN HANDLING,
THE VALUES OF K AND THE STANDARD DEVIATION HAVE BEEN MULTIPLIED
BY A FACTOR ofF 1000. DATA [1!{ AND IV GIVE THE CONCENTRATIONS
OF THE REACTANTS. THE COLUMN FOR H2O GIVES THE NUMBER OF ML
OF WATER ADDED TO THE REACTION MIXTURE. THE.OTHER THREE COLUMNS
GIVE THE CONCENTRATIGONS IN MOLES PER LITER AND HAVE BEEN
MULTIPLIED BY A FACTOR OF 100 FOR EASE OF HANDLING. WHERE
VALUES HAVE NOT BEEN LISTED IN A COLUMN, THEY ARE THE SAME
AS THE LAST VALUE LISTED, AND THE SPACE HAS IN SOME CASES

BEEN USED FOR OTHER COMMENTS.
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DATA N

UTWDIDIWBN . BPoisy 2208 O Fuitsiaun OV F 00 £~ FUuhowWw

RUN KMATR&X St.DEV. % quT CoL. St.Dev. %
24-10 1.89 0.1 5.8 1.88 0.06
2411 1.80 0.18 10.2 47 0.16
2412 1.87 0.20 1047 1.90 0.07
24-1% 1,86 0.13% 7.2 1.94 0.08
2414 150 0.25 1%t 1.9% 015
2415 1.86 0425 12.6 1.89 0.08
24-16 1.90 0.28 14.6 2.04 O.14
24-17 1.95 0.25% 10.5 2 %1% 04718
24-18 1.9% 0.08 4.4 4 99 0.09
24-19 1,80 0.19 105 75 0.12
25=-10 0.972 0.061 6.2 0,940 0.048
25=11 1.00 0.10 10. 4 0,925 0.072
25=12 1.04 0.12 1.3 0.968 0.128 4
25=1% 1.04 0.11 10.9 0.95% 0.148 |
25=14 1.03 0.10 9.% 1,071 0,04
25=15 0.9% 0.078 7.8 0.93%2 0.101 1
26-10 1 % 0.15 9.2 177 0.06
26=11 175 0,06 o 1.77 0.02
26-12 1.80 0.04 2.2 T B 0.0%
26=20 1.01 0.04 4.1 1.01 0.03%
26-2"1 1.04 0. 05 5wl 1 07 0,04
26=-22 1.0% 0.05 4.9 1.07 0.05
26=-40 187 0.09 4.9 1.95 0.09
26-41 1.87 0.09 4.6 1.93% 0.06
26-42 1.89 0.07 4.0 1.94 0.06
26-47% 1.95 0.06 5B 1.99 0.06
26=50 1.92 005 28 1.97 006
26-51 1.92 0.08 4.3 1.99 0410

@

®

®

OWN=2OWO0 OV VWU O =000 00 FNWWWOWO O

® ©



DATA 11

RunN R Si H2O NACLO4
6-"1 7.9 9.10 0 0

71 8.:69 9.89

D=2

9-1 9.64 9.89

9-2 0.025mL

9—5 9065 0.05mML

NAl SOLUTION USED IN RUNS 6=1 T0 9=% WwAS OF UNKNOWN ORIGIN AND WAS
REPUTED T0 BE O.,1 Neo THE Nal* HaD HLO IN 1Te 5ML oF NAI* WERE

ADDED TO0 6=1 WHILE Q.05 ML WERE USED IN RUNS 7=1 T0 9=%5, TEMPERATURE
oF 6=1 wAS 22.8 C. WHILE THAT OF 77=1&2 wAS ABOUT 23 C. TEMPERATURE
oF 9=1 10 9=3 wAs 25-2700. ALL FURTHER RUNS WERE CONDUCTED N

A WATER BATH KEPT AT 25.550 + O.OSOC.

12-1 8,695 9.916 0 _ 0

12-2 ]
12=3% IF VALUES CORBESPONDING TO t=9% ARE THROWN OUT YOU GET K=éﬁﬂ105ﬂ'w'
141 8.682 9.921

14-2

14-3 GBS 9.911 SAMPLES WASHED TWICE WITH CCL.4

T4=4

18-1 9.550 19.57

18=12

18-1%

18=14

18=2

18=22

20-1 18.90 9.698

20-12

20=2

20-22

21=1 44 .35 9444

21=2 26,99 9,494

21=3% 71.00 9,110

271 =4 PROBABLE ERROR IN MEASUREMENT OF TIME



RuUN

24-10
2411
D42
2U-13
2Lt
24-15
2416
2017
24-18
24-19

25-10
25-11
25-12
25-13%
25=-14
.25~15

26-10
26-11
26-12

26-20
26-271
26-22

26-40
26-41
26-42
26-43
26-50
26-51

DATA |V
RI Sl H20 NACLO4

19,06 9.798 0 87.96 COUNTED 4:45 PM
counteED 7:00 PM
COuNTED 9:00 PM
CENTRIFUGED COUNTED 9:30 PM
: COUNTED NEKT DAY
SHOOK SAMPLE TUBES BEFORE COUNTING
CENTRIFUGED
SHOOK SAMPLE TUBES BEFORE COUNTING
CENTRIFUGED

18.66 9.602 1.0ML 86.28 3BHR. WAIT BEFORE COUNTING
CENTRIFUGED

NEXT DAY-—COUNTER LEFT ON OVER NIGHT

TWO TUBES REPLACED IN COUNTER~=COUNTED THREE HOURS LATER

19.02 9. 770 0 87«79
CENTRIFUGED ONE DAY AND COUNTED THE NEXT
18.62 9.584 1.0mML 86.12
CENTRIFUGED ONE DAY AND COUNTED THE NEXT
57.25 9.563 0 85.97

CENTRIFUGED
COUNTED THE NEXT DAY

CENTRIFUGED

A MAGNETIC STIRRER WAS USED IN RUNS 26=40 T10 26-51
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