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using the spectrophotometric or titrimetric methods for the

system investigated in this study, and no values are reported

in the literature, which would allow comparison with the

values determined in this study. Since a rate increase of

approximately 100 could be expected for this reaction based

on the work of Suhr and the precision was within the range

of the equipment and also in agreement with the precision of

measurements for the same system in ethanol, the rates deter-

mined in DMSO appear to be internally consistent. However,

whether the apparent opposite trend in the influence of

DHSO on the relative reactivity of the halogens in the

series is real and due to some difference in mechanism or

a catalytic affect by DMSO, or is the result of spurious

measurements, remains unclear.

The incorporation of appropriate digital control for

continuous bridge balancing would facilitate the collection

of data. Such a continuously balanced system could by

means of a suitable transducer be connected to any of the

various desk top computers available for on-line data reduc-

tion and analysis.

The cell itself could be designed along the lines,

by Fran· k and Ber·k.land, of a Wolin U tube whichas suggested

d . The advantages of such awould result in a close . sys~em.

system would be more rapid mixing of the reactants and

minimum exposure of the system under study to air or mois-

ture. Also, since the cell would not have to be manipulated,
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a higher precision temperature bath system could be designed.

The design and construction of this apparatus would

probably result in measurements of greater precision and

relieve the tedium of data collection for certain types of

reaction mechanism studies. P>.side from the relative

advantages of such technical improvements, the conductance

method might. be applied to a broader range of reaction

types and temperatures.

For example, it may be possible to determine the

amount of DMSO decomposition products present after puri-

fication by developing a standard calibration curve (i.e.

reaction rates with known amounts of DNCB). However, time

did not permit investigation of this during the course of

this study. Furthermore, the possibility of using the con-

ductance method to measure SNI reactions in dipolar aprotic

solvents offers an area for study. The mathematics re-

lating conductance changes to reaction rate would, of

course be more complex than that of uncharged molecule, -

reactions, but it may be possible to employ some type of

differential analysis technique.

Differential techniques have already been applied

to several types of quantitative organic determinations.

Analysis for which this type of conductometric determina­

tion have been investigated include:

1) Quantitative determination of organic halides

in 01150 (102).
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2) Rapid analysis of binary amine mixtures by

differential reaction rates (103].

3) Conductometric analysis of binary amine mix­

tures l10 4) •

4) Conductometric determination of carbonyl com­

pounds tlO 5) .
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APPENDIX I

A grant for computer time provided

School made it possible to utilize the

by the Graduate

facilities of the

Dial Computer Center duri.nq the course of. this study. The

following computer program was writt·en· ro_ reduce the experi-

mental data and print out the data tables. In addition to

the calculations described in the calculation section, the

program also calculates specific and equivalent conductances

for the salt concentrations at each· tJ.'me. hT e two sub-

routines and the plotting program were adapted from the

standard user linear regression program of the Center.

The program is written in Fortran IV language. The

main program is preceded by a list of the variables and

followed by the two subroutines.

List of Variables

C DESCRIPTION OF VARIABLES
C CELL is the conductance cell; X is the independent

variable for linear regression; Y is the dependent
variable for linear regression; fliT is for the plot
format; TITLE is an 80 unit line for the plot title.

C I1 is the number of observations at each time: TIME is
the time the observation was made; CT is the con­
ductance measured at time (t) for each run; MEAN is
the mean of the conductances recorded at time (t) for
several runs; STNDEV is the standard deviation of the
conductance value for several runs at time (t); STDV~1N
is the standard deviation for the mean for a small
number of observations; DEVT~1 is the deviation time
for values less than 1 minute; DCDT is the change in
conductance with respect to time; DEVCT the change
in conductance per change in time; DEVCT2 is a counter
for DE\JCT; w the list of values used to calculate
95% confidence intervals for conductance values at
time (t); SCT stands for a s~ngleco~du?ta~ce run;
CONRT is the conductance ratlo; CXTOcA lS .....he
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concentration of x to ai CPIPX is the concentration of
the piperidinium halide salt at time (tl; RCPIPX is the
square root of CPIPXi LCPIPX is the log of CPIPX;
lALEFT ~s the concentration of a remaining at time (t);
LALEFT lS the log of lALEFT; KAPPA is the specific
conductance <:>f the. salt formed and other sp~cies
present at tJ..me ttl; KAPPAl is the specific conductance
of only the salt formed; Lamda is the equivalent con­
ductance of the salt formed and reactants at time {tl;
CI95 is the 95% confidence interval of the average
conductance at time (tl; LAMDAI is the equivalent con­
ductance of only the salt formed; LLNmA is the log
of LNmA; LLAMDAl is the log of LAMDAl; NDCDT is the
change in concentration of a with respect to time and
is used to determine reaction order with respect to
time; LNDCDT is the log of NDCDTi CONA is the concen­
tration of a; FML, FMLl, EML2, FMTl, TI1T2, and n·1L3
are format arrays for titles and table headings; ELCF
is the cell volume of cell 1 or 2; LCONA is the log of
CONA; CPIPXM is the concentration of the piperidinium
halide in moles/l; CPIPX3 is a variable counter for
CPIPX; LLAMD2 is the log of LAMD2.
A is concentration, ~~~ is molecular weight of DNXB;
GRh~S is the amount of DNXB weighed out; CO is the
initial conductance; CINE is the conductance at time
infinity; KNCELL is the cell number 1 0:- 2; CELLK is
the cell constant; N is the number of tJ..me data tO,be
entered; L is the number of observations made at tJ..me
less than 1 minute; TEHP is the temperature the reac­
tion was run at.
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.Main Program

FRED MOOSREINER THESIS WORK CHEMISTRY DEPARTMENT
DlMENS ION CELL (2)

DIMENSIONXC25l.,YC251 ,PMT(lOl ,TITLEC8,lO}
DIMENSIONM(251,TIMEC251,CT(25,61, MEAN (25) , STNDEV(25),
1STDVMN(25l.,DEVIM(6},DCTDT(I5) ,DEVCT(6) ,DEVCT2(61 ,W(6) ,SCT(6),2
lCONDRT(25) ,CXTOCA(25} , CPIPX(25) ,RCPIPX(25) ,LCPIPX(25),
lALEFT (25) ,LALEPT (25) ,KAPPA(25) ,KAPPA! (25) r LAMDA (25) r CI95 (25},
lLA:MDAl (25) ,LLA..I\fi)A (25) ,LLAMDI (25) ,NDCDT (25) ,LNDCDT (25) , CONA(25) ,
IFML (10) ,FML! (10) ,FML2 (5) ,Fl..J:TIClO) ,FMT2 (10) ,FML3 (5) ,ELCF (2) ,
1 LCONA(251,CPIPXM(25) ,CPIPX3(25) ,LLAMD2(25)
EQUIVALENCE (M,X), (STNDEV, Y)
EQUIVALENCE (DEVTM,DEVCT,DEVCT2), (CONA,LCONA), (NDCDT,LNDCDT)
REAL LIST,MINUS
REAL KAPPA, KAPPA1, LCPIPX, LALEFT, LAMDA, LA.MDAl, LLA.!<1DA, LLAi'1Dl r

lMW,LNDCDT,NDCDT,MEAN,MARI,LOW,LCONA,NUMCR

DATA SENT / -1./
DATA WCl) ,~H2) ,W(3) ,W(4) ,W(5) ,W(6) /-1.0,0.89,0.59,0.49,0.43,0.40/

DATA TEST /: YX
DATA PLUS ,MINUS, LIST / 3H + ,3H - ,BHUST /
DATA XY,EOFS,NR,IT / :XY:,-1.,4,l /

DO 103 11=1,7
READ (2,201) (TITLE (I1,J3) ,J3=1, 10)

CONTINUE
READ{2,996) CELL(l) ,CELL(2)
READ(2,101) A,MW, GFAMS, CO,CINF ,KJ.'\lCELL, CELLK,N, L, TEf1P

READ ( 2 t 2 01) {FMT(I) , 1==1 , 10)

\'JRlTE (3,899)
WRITE (3,202) FMT
WRITE (3,203)

DO 30 I = 1, N
READ M THE NO. OF OBSERVATIONS AT EACH TI}ffi

READ (2,300) M(I)
JM = M{I)

READ (2,401) TIME (I) r (CT(I,J), J==l,J1>1)
WRITE (3,500) TIME (I) , (CT{I,J), J=l,JM)

WRITE(3,550} M(I)

WRITE(3,204)
RE~(? 996) ELCF(l) ,ELCF(2)
•• -e r ANC'" MEASURE1'lENTS FOR EACH. CONCENTRATION PRINTED
TH.fE AND CONDUCT "'~D' TL.',fR MEAN FOR TIME LESS THAN 1 MINUTE
CALCU~TE CT MEAN =. ~ .
DO 51 I == 1, N

StJ~CT = 0.0
JM == M(I)

8M = JM
DO 41 J=l,JM

StJ~CT == SUMCT + CT(I,J)

MEAN (I) == SUMCT / SM

IF (L.EQ.l) GO TO 83

CONTINUE N , "1TNUTE
CALCULATE STATISTICS FOR TIME LESS THAi .L l~i ! ~

DO III I == 2, L
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80

61

C

C

71

JM = Mel)
8M = JM
SUlIDEV = O. 0

DO 61 J = l,JM
DEVTM(J)= MEAN (I) - CT (I,J)
DCTDT CJ) = (TIME (J:) - TIME (I-I))! (:MEAN (I) - MEAN (I-I) )

C DEVTM 18 DEVIATION IN TIME, DCTDT IS CHANGE IN CONDUCTA..T\lCE PER
C CHANGE IN TIME

DEVCT [J) = DCTDT(J) * DEVTM (J)
C DEVCT IS THE DEVIATION OF CT FORM A PRESET VALUE FOR TIME
C LESS THAN 1 MINUTE. IT MEASURES ERROR IN SYRINGE INJECTION
C AND SMALL VOL VART.

DEVCT2 (J) == (DEVCT (J)) ** 2

SUMDEV = SUMDEV + DEVCT2 (J)
STNDEV(I) = SQRT (SUMDEV! (SM-l) )

STDVMN(I) == STNDEV(I)! SQRT(SM)
STANDARD DEVIATION OF THE MEAN CALCULATED
CALCULATE 95 PER CENT CONFIDENCE INTERVAL

DO 65 J == I, 6
SCT(J) == -838607
K = JM

DO 71 J == l,3M
SCT(J) == DCTDT(J) *CT(I,J)
HIGH ==AMAX1(SCT(1) ,SCT(2) ,SCT(3} ,SCT(4) ,SCT(S) ,SCT(6»

DO 75 J == 1, 6
8CT(J) == +838607

00 80 J = I, JJ!J.
SCT(J) = DCTDT(J) * CT(I,J)

LOW = A-MINl(SCT(l) ,SCT(2) ,SCT(3) ,SCT(4) ,SCT(S) ,SCT(6»

CI95(I) == (HIGH-LOW) * W(K)
CHAl'JGE AR.."R.AYS TIME AL"lD t1EALT\T FOR VALUES LESS THAN 1 ~1INUTE

00 110 I = I, L
lvI..ARI == MEAN ( I )
MEAN (I) == TIME (I)

TIME (I) = MARl
CONTINUE ON THE REST OF THE ARRAY TIME == TIME,CT == CONDUCTANCE

AT Tum T
L1 == L = 1

DO 211 I == Ll, N
JM -x: M(l)

SM == JM
SillIDEV = 0.0

00 120 J == l,JM
DEVCT(J) == MEAN (I) - CT(I,J)

DEVCT2(J) == (DEVCT(J» ** 2
SUlvInEV == SUMDEV + DEVCT2(J)
STNDEV(I) == SQRT (SUMDEV!(SM-l»
STDVMN(I) = STNDEV(I)! SQRT(SM)

DO 125 J = 1, 6
SCT(J) == -8388607

DO 130 J = l,3M

75

125

65

120

110
C

C

111
C

83
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130 SCT(J) =: CT(I,.J)

HIGH =:AMAX1(SCT(I) ,SCT(2),SCT(3) ,SCT(4) ,SCT(S) ,SCT(6)
DO 135 J =: 1, 6

135 SCT(J)= +8388607
K =: JM

DO 140 J =: l,.JM
140 SCT(J) =: CT(I,J)

LOW = AMINI (SCT(l) ,SCT(2) ,SCT(3) ,SCT(4) ,SCT(S) ,SCT(6»
211 CI95 (I) = (HIGH - LOW) * W(K)

C STATISTICS ARE CALCULATED FOR ALL DATA POINTS
C NOW CALCULATE CONDUCTANCE RATIO AND RELATED FUNCTIONS

IF (2 - KNCELL) 911,240,245
240 J2 =: 2

GO TO 249
245 J2 =: 1
249 CONTINUE

NUMCR =: CINF - MEAN (I)
DO 250 I = 1, N

CONDRT(l) =(NUMCR / (CINF - MEAN(I»} *1.0
CXTOCA (I) = (MEAN (I) -CO) / NUMCR
CPIPX(I) =: CXTOCA (1) * A
CPIPXM(I) = CPIPX(I) *ELCF (J2)

RCPIPX(I) = SQRT(CPIP~~(I»

ALEFT(I) = A - CPIPX(I)
KAPPA (I) = CELLK * MEAN(r)

250 CONTINUE
READ (2, 301) FMLI
READ(2,201) FMTI
READ (2 r 205) F~..L2

READ(2,201) FMT2
READ(2,20S) FML3
WRITE (3,900)
WRITE (3,910) FMLI
WRITE (3,920)
WRITE (3,FMTI) A,FML2
WRITE (3,FMT2) KNCELL, TEMP, FML3
WRITE ( 3 , 960)
WRITE (3,965)
WRITE(3,903)
WRITE(3,800) (TIME(r), MEAN (I) , STD\lMN(I) ,CI9S(I) ,CONDRT(I),

1I==2,N)
WRITE(3,901)
WRITE(3,970) CD,C1NF
WRITE (4,2000) (TIME(r) ,CONDRT(I) ,I=l,N) ,SENT

51JM1=0 .0
SUM2=0.0

DO 260 I. = 2, ~((1000*KAPPA(I)/(CPIPX(I)*ELCF(J2»))*O.OOOOOlO
LAMDA(I) -LK*-«MEAN'I)/CPIP~1(I))-(((A-CPIPX(I))/A)*CO)/

LAMDAl(I)=lOOO.*CEL· , \
1(2*ALEFT(I)*ELCF(J2)))* 0.000001
LCPIPX(I) = ALOGI0(CPIPXM(I»)
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0129
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0136
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CONA(I) = (ALEFT (I) + ALEFT(I-l»/2.0
LCONA(I) = ALOGI0 (CONA(I»

CPIPX3 (I) =RCPIPX(I) *100.0
LLAMD2(Il=1000./LAMDAl{I)

LLAMDA(I) = CXTOCA(I) '* 100.0
LLAMD1(I) = ALOGIa (LAMDAI(I))

NDCDT(I) = (ALEFT (I-I) -ALEFT (I) ) I (TIME (I) -TIME (I-I) )
SUM1=SUMl + (STDVMN (I) ICT(I) ) *100.0
SUM2= SUM2+ (CI9S(I)/CT(I»*100.0

LNDCDT(I) = ALOGI0(NDCDT(I»
SR=N

SUM"V'l=SUMlI (SR-1. 0)
S~12=SUM2/(SR-l.0)

CONTINUE
WRITE(3,899)
WRITE (3,994)

FORr1.AT (3LX,: Tum :, 6X, :P/c RXN :, 4X, : ROOT X:, SX, :K.APPA i , 4X,
1: LAI1DA 1:, I I)
WRITE(3,990) (TIME (I) ,CXTOCA(I) ,RCP1PX(1) ,KAPPA (I) ,LAl"l..DAl(I) ,1=1,
IN)
WRITE (3,967) SUMVl,SUMV2
WRITE (4, 2000) (LCONA(I), LNDCDT(I),I=2,N) ,SENT
WRITE (4,2000) (TIME (I) ,MEAN(I),I=2,L) ,SENT
WRITE{4,2000) (TIME (I) ,CPIPX{I) ,I=l,N) ,SENT
WRITE(4,2000) (RCP1PX(I),LABDAl{1) ,1=2,N) ,SENT
WRITE{4,2000) (CPIPX3(1) ,LIJU'1D2(I) ,I=2,N) ,SENT
WRITE (4,2000) (TI1~(1) ,LLAIIDA(I) ,I=2,N) ,SENT

CONTINUE
FORMAT (lX,F9.8,2X,F6.2,2X,F6.4,2X,F6.2,2X,FB.2,2X,Il,2X,F6.4,

12X,12,2X,Il,2X,F4.1)
FORMAT (lOA8)
FORMAT (IX, I I I, 25X, lOA8)
FORMAT (189, 33X, :TIME:,lOX, :CONDUCTAJ.'IlCE MEASUREMENTS:, 34X, :M:,III)
FORMAT(lH2,45X, :FOR Tum LESS THAN 1 MINUTE - TI11EAJ."JD:,1,45X,:
lCONDUCTMJCE MEASUREMENTS ARE REVERSED, I. E. TIME VARIES:)

FORMAT (SA8)
FORMAT (2X, ri:
FORlvIAT (lOAl)
FORMAT(2X,F6.2,6(2X,FIO.2)
FORMAT (31X,FB.2,6(3X,F9.2»)

FORMAT (lH+,105X,Il)
FORMAT(31X,F7.2,2X,FI0.2,2X,F7.2,3X,F7.2,7X,F8.3)

FORMAT (lHl)
FOFJ.'1AT (lHl, 90X, :xxx. ,/,187, 120X, : xxx. )

FORMAT (lH2, 30x,60 (:-:) ,I, 3LX,60 (:-:»)

FOR}ffiT(31X,60(:-:) ,I)
FORMAT (lH3, 54X, : TABLE : , IX, lOAl)
FORMAT {lH4 t 30X, : AVERAGE CONDUCTAJ.'IlCES AND CONDUCTIVITY RI\TIOS

AT GIVEN TIMES:, lH:)
FORMAT(lH3,30X,60(:-:) ,1,3lX,60(:-:»
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FORMAT (43X, :AVEAAGE C: ,5X, :8 :5X, :95 PER CENT: ,5X,:C-C: r I, 31X, :
TIME IN: ,9X, :IN:, 7X, :---: ,4X, :CONFTDENCE: ,5X, :--------: ,I,31X,
:MINUTES: , SX, :MICROMHOS: ,5X, :N: ,6X, : INTERVAL :, 7X, :C-C:)
FORMAT (lH4, :AVEAAGE PERCENT DEV. FOR STDilMN =: ,410.5 ,4X, : AND
FOR CI95 =: ,FlO .5)
FORMAT (lH2, 38X, :C: ,2X, :=: , 6x,F6. 2, 2X, :MICROMHOS: r 7X, :THESE

VALuEs ARE:,I, 74X, :CALCULATED FROM:, I, 39X, :C:, 2X, :=: , 2X,F10.2,
2X, :MICROMHOS: ,9X, :ERRORS IN TIME:)
FORMAT(31X,F8.2,F10.4,F10.5,2X,FI0.2,FI0.2)
FORMAT (2X,:E'4.1, 2X,F4 .1)

FORMAT(2X,F13.6,2X,F13.6,2X,F13.6,2X,F13.6,2X,F13.6,2X,F13.6,
2X,F13.6,2X,F13.6)
REWIND 4
11=0
IP = 0
I:E'(IP.EQ.O} ID=l

5 CONTINUE
IF (IP.GT.O) ID=O
J=l
N=NR
K=N
IF(XY.EQ.TEST) GO TO 911
IF (IT.EQ.l) GO TO 1515

1515 READ(6,2000,END=704} (XCI) ,yel) ,I=J,Kl
00 1517 I=J,K
IF (X(I) .EQ.EOFS) GO TO 704

1517 CONTINUE
J=J+N
K=K+N
GO TO 1515

704 CONTINti'E
stmx-o .»
SUMY=o.O
SXS=O.O
SYS=O.O
SMXY=O.O
N=I-1
DO 10 I=l,N
WUMX=SUMX+X (I)

SUMY=Sill1Y+Y (1)

SXS=SXS+X (I) **2
SYS=SYS+Y (I) **2
SMXY=SM~Y+(X(I)*Y(I»)

10 CONTINUE
XMEAN=SUMX/N
YMEAN=S 0111' IN
S1~XSQ=SXS-(~~AN*SU~)

SMYSQ=SYS-(Yt~~~*SUMY)

STDEX=SQRT(SMXSQ/(N-l»
STDEY=SQRT(SNYSQ/(N-l»)
SUMXY=SMXY-(XME~~*Su~Y)

RXY=Su1~XY/SQRT(S~XSQ*SWISQ)

RXYSQ=RXY**2
B=smt.TI/S~lXSQ



0221
0222
0223
0224
0225
0226
0227
0228
0029
0230
0231
0232
0233
0234
0235
0236
0237

0238
0239
0240
0241
0242
0243
0244
0245
0246
0247
0248
0249

0250
0251
0252

0253
0254

0255
0256
0257
0258
0259
0260
0261

38

39

40

50

60
70

73

100

74
116

434
400
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AZ-YMEAN- (B*XMEAN)
AB = AZ
IF (RXYSQ. IE. 1. 0) GO TO 38
RXYSQ=l.O
STERR = SQRT«l.O-RXYSQ) / (N-2) * SMYSQ/SMXSQl
T=99999.9
GO TO 39
STERR = SQRT«1.0-RXYSQ) I (N-2) * SMYSQ/SMXSQ)
T=B/STERR
NDF=N-2
11=11 + 1
WRITE (3,40) (TITLE(Il,J3) ,J3=l,lO)
FORMAT ClH1, 31X,.lOAB)
WRITE (3,FMT1) A,FML2
WRI TE( 3 , FMT2) KNCELL ,TEI1P , FHL3
WRITE (3,50) N,XMEAN, ¢MEAN, STDEX,STDEY,RXY ,RXYSQ
FORMAT(1H ,/////,lOX,:N = :,I4,1/,lOX,:HEAN OF X = :,F15.3,
/1,~OX,:I1EAN OF Y = :
,F15.3,//,10X,:STANDARD DEVIATION OF X == :,F15.5,//,lOX,:
STANDARD DEVIATION OF Y == :,F15.5,1/,lOX,:R == :,F8.5,//,10X,:
R SQUARED == : ,F8.5)
IF(AZ.LT.O.O) GO TO 60
SGN==PLUS
GO TO 70
SGN==MINUS
AB == ABS (AB)

IF(ID.EQ.l) GO TO 73
CONTINUE
IF (ID.NE.l) GO TO 74
RATE== ( (8) / (2*A) ) * (CELL (J2) / uo00 . 0) )
HALFL==l.O/B
WRITE (3,100) B, SGN , AB I RATE, HALFL, STERR, T t NDF
FON~T(/1,10Xt:¢ = :,F12.o t: X : ,A3,F12.4 ,10X, :RATE = :tF12.4t5X,
:HALF LIFE =:,F8.2,/!lOX,:STANDARD ERROR OF REGRESSION COEFFICIENT

== : ,F12.8,1! tlOX,:T == : tF12.3,lOXt :D.F. ==: ,14)
GO TO 434
WRITE(3,116) B,SGN,AB,STERR,T,NDF
FORMAT(/!,lOX,:¢ == :,F12.o,: X :,A3 tF12.6, ,10X:STA.."lDARD
ERROR OF REGRESSION COEFFICIENT = :,F12.o,!/,lOX,:T = : tFS. 3,

lOX, :D.F. = : t I 4 )
WRITE (3,400)
FORL'1AT (/1/ /lOX, :OBSERVED:4X, : OBSERVED: , 5X, :EXPECTED: ,lOX,
: DIFFEEENCE: , lOX, : DIFFERENCE: , / , lOX, : X-VALUE: t tX, :Y-VA..LUE :,
5X/ :Y-VALUE: ,12X,:Y - HEl<.N: ,10X,:Y - EXPECTED: )

SSYDl = 0.0
SSYD2 = 0.0
DO 600 I=l,N
YY=B*X(I)+AZ
YMMEAJ."J = Y ( I ) - YMEAN
YIMyy=Y(I)-YY
SSYDI = SSYDl + YI1HEAN * Y!'1MEA."l
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SSYD2 = SSYD2 + YIMYY * YIMYY
IF(IP.EQ.3) GO TO 161
GO TO 611

161 WRITE (3, 502) XCI) ,Y(T) ,YY,YMMEAN,YIMYY
502 FORMAT U ,6X,F12. 3 ,F12. 6,lX ,F12.6, 6X, F12. 6 ,6X,F12. 6)

GO TO 600
611 WRITE (3,501) X(I), Y(I) , YY, YMMEAN, YIMYY
501 FORMAT(j, 6x,F12. 3,F12. 3 ,lx,F12. 3 ,6X,F12. 3 ,6X,F12. 3)
600 CONTINUE

WRITE (3,799) SSYD1,SSYD2
799 FORl-1AT(:3:,14X,:SUM OF SQUARES OF DEVIATIONS:,3X,F15.3,3X,F15.3)

WRITE (3,801)
801 FORMAT (/lH1)

CALL GRAPHS (N,X,Y,AZ,B)
IP=IP+1
IF(IP.EQ.7) GO TO 850
GO TO 5

850 IF(IT.EQ.l) REWIND 6
GO TO 11

911 END
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1) +NN(LOC)

C

C THIS SUBROUTINE WIlL PLOT A ONE PAGE GRAPH ON THE PRINTER.
C

DIMENSION K(26) ,XCI) ,Y{l) , XWRD (ll) ,YWRD(13) ,NN(4) ,KN(4) ,IZ(4)
DATA LANK /4H /,IDOT 14H I,NN(I) ,NN(2) ,NN(3) ,NN(4)

/ 4H30aO,4H0300,4H0030,4H0003 I,KN(I) ,KN(2) ,KN(3) ,KN(4)
/4H+ ,4H + ,4H + ,4H + /,IDSH I 4H - /,lZ{l) ,IZ(2),

IZ(3) ,lZ(4) /4HI000,4H0100,4HOOIO,4HOOOI I
CALL SORT2 (X,Y,N)
XRNGE=X (N) -X (1)
'{MAX=Y (1)
YMIN=Y(I)
DO 50 I=2,N
IF (YCI) .LT.YMIN} YMIN=Y(I}
IF (Y (1) •GT.YMAX) YMAX=Y (I)
YRNGE=YMAX-YHIN
XWRD(1) =X(l)
XWRD (l1) =X (N)
YWRD (1) =YMIN
YTI'lRD ( ll) = YMAX
AY=O . I *YRNGE
AX=O . 1 *XRNGE
00 60 1=2,10
XI=I-1
XWRD(I) =XWRD(1) +XI *AX

YWRD(I)=YWRD(l)+XI*AY
J=I
Jl=O
JJ=I
XL=O.2*AX

XJ=J1
DO 100 1=1,21
K(I) = LANK
IF(J.GT.N) GO TO 200
IF «XWRD(l) + (XJ + 0.001) * XL) .GT. X{J») GO TO 200
C=(Y(J)-~vRD(l))/AY

JB=IFIX (C)
NB=IF1X (C*2. )
~=«Y(J)-lwRD(JB+l»)/AY)*8.
LOC=IFIX(C)+1
IF(LOC.GT.4) LOC=LOC-4
J=J+1
IF (K(NB+l) .NE.LANK) GO TO 190
K(NB+1) =KN (LOC)
GO TO 110
K(NB+l)=K
GO TO 110
IF .0) GO TO 250
HJ=J1
IF(~0-5)270,240,230

MJ=Jvt}-5

90

50

60

200
210
220
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190

100
no

0001 SUBROUTINE GRAPHS (N,Y ,X,AZ,B)

0002
0003

0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045
0046



175

80

400

300

310

GO TO 220
JJ=JJ+l
CONTINUE
GO TO 400

WRITE (3,260) XWRDlJJ) ,IDSH, (KtI) ,1=1(21)
FORMAT (E18.6,A4,25A4,Al)
GO TO 290
WRITE (3,280) rDSH, eK(I) ,1=1,21)
FORMAT (18X ,A4,25A4,Al)
Jl=Jl+l

IF(J.GT.N} GO TO 300
GO TO 90
IF (JJ. GE.11) GO TO 500
DO 310 1=1,21
K(I) =LANK
GO TO 210
CONTINUE
Z= CXTtffiD (JJ) -AZ) IB
IF(Z.FT.YMAX) GO TO 255
IF(Z.LT.Y}ITN) GO TO 255
C=(Z -YVIRD(l»/QY +0.0000001
JB=IFIX(C)
NB=IFIX(C*2. )
C=((Z -YWRD(JB+l)}/AY)*8. +0.0000001
LOC=IFIX(C) +1
IF (LOC. GT.4) LOC=LOC-4
K(NB+1)=K(NB+1)+IZ(LOC)
GO TO 255
CONTIND"E
00 70 1=2,22,2
K(I)+IDOT

70 K (1=1) =LANK
WRITE (3,80) (K(I) ,1=1,22), (Y'ARD(I) ,1=1,11,2), (YVIRD(I) ,1=2,10,2)
FO&~T(15X,22A4,/12X,6(4X,E12.6)/20X,5(4X,E12.6)//57X,

:X - A X IS:)
RETU&'i

END
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0080
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SUBROUTINE SORT2(A,B,N)
c
C THIS SUBROUTINE SORTS A I-DI11ENSIONAL FLOATING
C POINT ARRAY (A), AND DUPLICATES THE RECORDING
C IN A SECOND ARRAY (B).
C

DIMENSION A(l) fBU)

IF (N • LE .1) :RETURN
00 20 I=2 f N
IMl=I-l

00 10 J=l .rni
JJ=I-J
IF (A CJJ) • GE .A(JJ+l» GO TO 20
X=A(JJ)

A (JJ) =A LJJ+l)
A(JJ+l)=X

X=8 (JJ)

B (JJ) =B (JJ+l)

10 B(JJ+l)=X

20 CONTINljE
RETURN

END

L76
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APPENDIX II

The analysis of variance for the data listed in Table

XLVII was calculated using the following formulation. The

grouping of the data does not lend itself to the simpler

types of &NOVA cell arrangement and appreciation is

acknowledged to Dr. Emery Sadler, formerly of the psychology

Department, for developing the formulation used.

C = concentration

D = cell

E = experimenter (or method)

The sum of the squares terms for each source of variation

examined are:

C, df - c-l = 2

C DE

= I (IIxi j k )2
de

CDE

('i' \' \'X. 'k\ 2I..LL ~J /
cde

=
(1.646 + 1.524 +... + 1.738)2 + ... + (1.816 +

(2) (3)

1.59 4 ) 21.661 + ••• +

D,df = d-I = 2-1 = I

1 . 5 9 4 ) 2(1.646 +•.. +
2(3) (3)

D CE

_ I (LIX i j k ) 2

ce

CDE
(I\\ )2
I I I X"k
\ I.. ~ ~J

cde
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= 0 ... 6 4 6 +... + 1. 627) 2 + (1 . 59 7 + ••• + 1 • 59 4) 2
1 ( 3) (3) - ( The

same second term as above.)

E t df = 3-1 = 2

E CD

= I (IIx i j k ) 2

cd

CDE

(IIIx. 'k) 2
~J

cde

CD
t

df = (c-1) (d-l) = cd-c-d+l = 2

SSCD =

CD E
2IIO:xi j k )

e

C DE
2I UIx .. k)

~J

de

CDE

(IIIx .. k) 2
~J

cde

CE, df = (c-l) (e-1) = ce-c-e+1 = 4

CE D

II CIxij1J 2
SSCE = c

E CD

I OIXijkJ 2

cd

DE, df = (d-1) (e-1) = de-d-e+1 = 2

DE C

IIClx i j k ) 2
= c

CDE
(}\"~}X 12
\~L~ ijk J

cde
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CDE, df = (c-1) (d-l) (e-l) = cde-cd-ce-de+c+d+e-l = 4

SSCDE

CD E

II (Lx, 'k}2_ ~J

e

CE D

II (Ixi j k )
2

d

DE C

II (Ix. 'k) 2
~J

c

C DE D CE

+ I(IIxi j k }2 + I(IIx i j k}2
de ce

E DE

iJIIx .. k) 2
+ ~J

dc

CDE

UIIxi j k ) 2

cde

The F test values are calculated by dividing the ~.lJ.S term by

the appropriate error MS.

HSE
l~"tS- DE HS CD

-l- ""~S - MS
• 1'. DE ~- CDE

MS CD
MS CDE

1 F
CE

==
HS

CE
MS CDE

F
DE

==
MS DE

~rSCDE


