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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. Aside 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 SNl 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 techniqgue.

Differential techniques have already been applied
to several types of guantitative organic determinations.
Analysis for which this type of conductometric determina-

tion have been investigated include:

1) Quantitative determination of organic halides

in DMSO (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 (104).
4} Conductometric determination of carbonyl com-

pounds (105).
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APPENDIX T

A grant for computet time provided by the Graduate
School made it possible to utilize the facilities of the
Dial Computer Center during the course of this study. The
following computer program was written to reduce the experi-
mental data and print ou; 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 time. The 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 COF VARIABLES

C CELL is the conductance cell; X is the independent
variable for linear regression; Y is the dependent
variable for linear regression; FMT is for the plot
format; TITLE is an 80 unit line for the plot title.

C M 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)}; STDVMN
is the standard deviation for the mean for a small
number of observations; DEVTM is the deviation in time
for values less than 1 minute; DCDT is the change in
conductance with respect to time; DEVCT is'the change
in conductance per change in time; DEVCT2 is a counter
for DEVCT: W is the list of values used to calculate
95% confidence intervals for conductance values at
time (t); SCT stands for & single cogdugtance run;
CONRT is the conductance ratio; CXTOCA 1s the
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concentration of x to a; CPIp

the piperidinium halide salt at time (t):; RCPIPX is the
square root of CPIPX; LCPIPX is the log of CPIPY;
1ALEFT 1s the concentration of a remaining at time (£);
LALEFT 1s the log of 1ALEFT; KAPPA is the specific '
conductance of the salt formed €

- , and other species
present at time (t); KAPPAl is the specific conductance
of only the

salt formed; Lamda is the equivalent con-
ductance of the salt formed and reactants at time (t):
CI95 is the 95% confidence interval of the average
conductance at time (t); LAMDAL is the equivalent con-
ductance of only the salt formed; LLAMDA is the log
of LAMDA; 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 NDCDT; CONA is the concen-
tration of a; FML, FML1l, FML2, FMT1l, FMT2, and FML3
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; LLAMD2Z is the log of LAMD2.
A is concentration, MW is molecular weight of DNXB;
GRAMS 1is the amount of DNXB weighed out; CO is the
initial conductance; CINF is the conductance at time
infinity; KNCELL is the cell number 1 or 2; CELLK is
the cell constant; N is the number of time data to be
entered; L is the number of observations made at time
less than 1 minute; TEMP is the temperature the reac-
tion was run at.

X is the concentration of
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Main Program

c FgED MCOSREINER THESIS WORK CHEMISTRY DEPARTMENT

0001 DIMENSION CELL (2)

0002 DIMENSION X(25),Y(25),FMT(10),TITLE(S,10)

0003 DIMENSICON M(25),TIME(25),CT(25,6), MEAN(25), STNDEV(25),
1sTDVMN (25) ,DEVIM(6) ,DCTDT(6) ,DEVCT(6) ,DEVCT2(6) ,W{6) ,SCT(6),2
1CONDRT (25) ,CXTOCA(25) ,CPIPX(25) ,RCPIPX (25) ,LCPIPX(25),
1IALEFT(25) ,LALEPT (25) ,XKAPPA(25) ,KAPPAL (25) ,LAMDA {25) ,CIB5(25},
1LAMDAL (25) ,LLAMDA (25) ,LLAMDI (25) ,NDCDT(25) ,LNDCDT (25) , CONA (25} ,
1FML(10) ,FMLL (10) ,FML2(5) ,FMT1(10) ,FMT2(10) ,FML3(5) ,ELCF (2},

1 LCONA(25),CPIPXM(25) ,CPIPX3(25),LLAMD2(25)

0004 EQUIVALENCE (M,X), (STNDEV,Y)

0005 EQUIVALENCE (DEVTM,DEVCT,DEVCT2), (CONA,LCONA) , (NDCDT, LNDCDT)

0006 REAL LIST,MINUS

0007 REAL KAPPA,KAPPAl,LCPIPX,LALEFT,LAMDA, LAMDAL, LLAMDA,LLAMDL,
1MW, LNDCDT, NDCDT, MEAN , MART , LOW, LCONA , NUMCR

Qoo8 DATA SENT / -1./

0009 DATA W(l),W(2),W(3),w(4) ,w(5),w(8e) /-1.0,0.89,0.59,0.49,0.43,0.40/

0010 DATA TEST /:YX

0011 DATA PLUS,MINUS,LIST / 3H + ,3H - ,8HLIST /

0012 DATA XY,EOFS,NR,IT / :X¥:,-1.,4,1 /

o013 DO 103 I11=1,7

0014 READ(2,201) (TITLE(Il1,J3),J3=1,10)

D015 103 CONTINUE

0016 READ(2,996) CELL(1l),CELL(2)

0017 11 READ(2,101) A,Md,GRAMS,CO,CINF,KNCELL,CELLK,N,L, TEMP

0018 READ(2,201) (FMT(I),I=1,10)

0019 WRITE(3,899)

0020 WRITE (3,202) FMT

0021 WRITE(3,203)

0022 Do 30 =1, N

C READ M THE NO. OF OBSERVATIONS AT EACH TIME

0023 READ (2,300) M(I)

0024 JM = M(I)

0025 READ (2,401) TIME (I}, (cT(1,J), J=1,JM)

0026 WRITE (3,500) TIME(I), (CT(I,J), J=1,7M)

0027 30 WRITE(3,550) M(I)

0028 WRITE(3,204)

0029 READ (2,996) ELCF (1) ,ELCF(2)

¢ TIME AND CONDUCTANCE MEASUREMENTS FOR EACH CONCENTRATION PRINTED
¢  CALCULATE CT MEAN AND TIME MEAN FOR TIME LESS THAN 1 MINUTE

0030 Do 511 =1, N

0031 guMcT = 0.0

0032 IM = M(ID)

0033 sM = JM

0034 po 41 J=1,IM

0035 41 SUMCT = SUMCT + CT(I,J)
0036 51 MEAN () = suMcT / SM
0037 IF (L.EQ.1) GO TO 83

0038 CONTINUE

CALCULATE STATISTICS FOR TIME LESS THAN 1 MINUTE

0039 po 111 I =2, L

@



0040
0041
0042
0043
0044
0045

0046

0047
00438
0049
0050

0051
0052
0053
0054
0055
0656
0057
0058
0059
0060
0061
0062

0063
0064
o065
0066

0067
00es
0069
0070
0071
0072
0073
0074
0075
0076
0077
0078
0079
0080

65

71

75

80

111

83

110

120

125

168

JM = M{I)
SM = JM
SUMDEV = 0.0
DO 61 J = 1,IM
DEVTM(J) = MEAN(I) - CT(I,J)
DCTDT(J} = (TIME(I) - TIME(I-1))/(MEAN(I) - MEAN(I-1))

DEVTM IS DEVIATION IN TIME, DCTDT IS CHANGE IN CONDUCTANCE PER
CHANGE IN TIME

DEVCT(J) = DCTDT(J) * DEVTM(J)
DEVCT IS THE DEVIATION OF CT FORM A PRESET VALUE FOR TIME
LESS THAN 1 MINUTE. IT MEASURES ERROR IN SYRINGE INJECTION
AND SMALL VOL VART. '
DEVCT2 (J) = (DEVCT(J)) ** 2
SUMDEV = SUMDEV + DEVCT2 (J)
STNDEV (I} = SQRT(SUMDEV/(SM-1))
STDVMN (I) = STNDEV(I)/ SORT(SM)
STANDARD DEVIATION OF THE MEAN CALCULATED
CALCULATE 95 PER CENT CONFIDENCE INTERVAL
DO 65 I =1, 6
SCT(J) = -838607
K = JM
Do 71 J = 1,IM
SCT(J) = DCTDT(J) *CT(I,J)
HIGH =AMAXI (SCT(1),SCT(2),3CT(3),SCT(4),SCT(5),SCT(6))
DO 75 3 =1, 6
SCT(J) = +838607
DO 80 J = 1,JM
SCT(J) = DCTDT(J) * CT(I,J)
LOW = AMINL(SCT(1),SCT(2),SCT(3),SCT(4),SCT(S),SCT(6))
CI95(I) = (HIGH-LOW) * W(K)
CHANGE ARRAYS TIME AND MEAN FOR VALUES LESS THAN 1 MINUTE
pO 110 I =1, L
MARI = MEAN(I)
MEAN (I} = TIME(I)
TIME(I) = MARI
CONTINUE ON THE REST OF THE ARRAY TIME = TIME,CT = CONDUCTANCE

AT TIME T

Ll =L=1

Do 211 1 = L1, N
IM = M(I)
sSM o= JM

SUMDEV = 0.0
po 120 J = 1,JM
DEVCT (J) = MEAN(I) - CT(I,J)
PEVCT2 (J) = (DEVCT(J)) ** 2
SUMDEV = SUMDEV + DEVCT2(J)
STNDEV(I) = SQRT (SUMDEV/ (5M-1))
STDVMN (I) = STNDEV(I)/ SQRT (SM)
po 125 J =1, 6
SCT(J) = -8388607
po 130 J = 1,dM



0081
0082
0083
0084
0085
0086
0087
0088
0089

0090
0091
0092
0093
0094
0095
00396
0097
0098
Q099
Cc1lca
0lo01
0102
0103
0104
0105
0106
0107
01ics
0109
0110
0111
0112
0113
0114
0115
0116
0117
0l1is

0lle
0120
0lz21
0122
0123
0l24
0125
0126

0127

130

135

140

211

240

245
249

250
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SCT(J) = CT(1,J)
HIGH =AMAX1 (SCT(1)
DO 135 3 =1, 6
SCT(J) = +8388607
K = JM
DC 140 J = 1,JM
SCT(J} = CT(I,J)
LOW = AMINI (SCT(1),SCT(2),SCT(3),SCT(4),SCT(5),5CT(6))
CI9(I) = (HIGH - LOW) * W(K)
STATISTICS ARE CALCULATED FOR ALL DATA POINTS
NOW CALCULATE CONDUCTANCE RATIO AND RELATED FUNCTIONS
IF (2 - KNCELL) 911,240,245
J2 =2
GO TO 249
J2 = 1
CONTINUE
NUMCR = CINF ~ MEAN(1)
DO 250 I =1, H®
CONDRT(I) =(NUMCR / (CINF - MEAN(I))) *1.0
CXTOCA(I) = (MEAN(I) -CO) / NUMCR
CPIPX(I) = CXTOCA (I) * A
CPIPXM(I) = CPIPX(I} *ELCF(J2)
RCPIPX(I) = SQRT(CPIPXM(I))
ALEFT(I) = A - CPIPX(I)
KAPPA(I) CELLK * MEAN(I)
CONTINUE
READ(2,301) FMLL
READ(2,201) FMT1
READ(2,205) FML2
READ(2,201) FMT2
READ(2,205) FML3
WRITE (3,200}
WRITE(3,910) FML1
WRITE(3,920)
WRITE (3,FMT1) A,FMLZ
WRITE (3,FMT2) KNCELL,TEMP,FML3
WRITE (3,960)
WRITE (3,965)
WRITE (3,903)
WRITE(3,800) (TIME(I), MEAN(I), STDVMN(I),CIO95(I),CONDRT(I),
11=2,N)
WRITE(3,901)
WRITE(3,970) CD,CINF
WRITE (4,2000) (TIME (I),CONDRT(I),I=1,N),SENT
SUML=0.0
5UM2=0.0

260 T = 2, N
> LAMDA(I) =((lOOO*KAPPA(I))/(CPIPX(I}*ELCF(JZ}))*o,gogoolo

LAMDAI(I)=1000.*CELLK*((MEAN(I}/C?I?XM(I))~(C(A—CPIPX(I))/A)*C@)/
1 (2*ALEFT(I) *ELCF (J2)))* 0.000001
ICPIPX(I) = ALOGLO (CPIPXM(I))

;SCT(E) ISCT(B) ,SCT (4) ,SCT(S) ySCT(6)}

i



0128
0129
0130
0131
0132
0133
0134
0135
0136
0137
0138
0139
0140
0141
0l4z2
0143
0144

0145

0l46
0147
0148
0149
0150
0151
0152
0153
0154

0155
0156
0157
0158

0159
0160
0lel
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0163
0le64
0165
0166
0167
0168
0169
0170
0171

0172

260

994

101

201
202
203
204

205
300
301
401
500
550
800
899
900
901
903
910
920

960
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CONA(I) =(ALEFT(I) + ALEPT(I-1)) /2.0
LCONA(I) = ALOGLO(CONA(T))
CPIPX3(I)=RCPIPX(I) *100.0
LLAMD2 (I)=1000./LAMDAL (I)
LLAMDA(I) = CXTOCA(I) * 100.0
LIAMD1(I) = ALOGLO (LAMDAL(I))
NDCDT(I) = (ALEFT(I-1)-ALEFT(I))/(TIME(I)-TIME(I-1))
SUMI=SUML +(STDVMN(I)/CT(I))*100.0
SUM2= SUM2+ (CI95(I)/CT(I))*100.0
INDCDT(I) = ALOGLO(NDCDT(I))
SR=N
SUMV1=SUMl/ {SR~1.0Q)
SUMV2=SUM2/ (SR~1.0)
CONTINUE
WRITE(3,899)
WRITE(3,994)
FORMAT (31X,: TIME :,6X,:P/C RXN :,4¥,:ROOT ¥X:,5X, :KAPPA :,4%,
1:1AMDA 1:,//)
WRITE(3,990) (TIME(I),CXTOCA(I),RCPIPX(I),XAPPA (I),LAMDAl(I),I=L1,
1N)
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=1,N),SENT
WRITE (4,2000) (RCPIPX(I),LAMDAl(I},I=2,N),SENT
WRITE{4,2000) (CPIPX3(I),LLAMD2(I),I=2,N) ,SENT
WRITE (4,2000) (TIME(I),LLAMDA(I),I=2,N),SENT
CONTINUE
FORMAT (1X,F9.8,2X,F6.2,2%,F6.4,2X,F6.2,2X,F8.2,2%X,11,2X,F6.4,
12%,12,2%,I1,2%,F4.1)
FORMAT (102B)
FORMAT (1X,///,25X,10A8)
FORMAT (1H9, 33%, : TIME:, 10X, : CONDUCTANCE MEASUREMENTS:, 34X, :M:,///)
FORMAT (1H2,45%, :FOR TIME LESS THAN 1 MINUTE - TIME AND:,/,45X,:
1CONDUCTANCE MEASUREMENTS ARE REVERSED,I.E.TIME VARIES:)
FORMAT (5A8)
FORMAT (2¥%,I1)
FORMAT (10al)
FORMAT(2X,F6.2,6(2%,F10.2))
FORMAT (31X,F8.2,6(3%,F9.2))
FORMAT (1lH+,105%,11)
FQRMAT(BlX,F7.2,2X,?10.2,2X,F7.2,3X,F7-2;7X.F8-3)

FORMAT (1H1)
FORMAT(lHl,gOX,:XXX:,/,lH?,lZOX,:XXX:)

FORMAT(lHZ,BOX,60(:—:),/,31X,60(:—:))
FORMAT (31X,60(:=:),/)

FORMAT (1H3, 54X, :TABLE: ,1¥%,10A1) )
FOM&TUﬂ4kOg:NmRME CONDUCTANCES AND CONDUCTIVITY RATICS

AT GTVEN TIMES:,1H:)
FORMAT(1H3,3OX,60(:—:),/,31X,60(:—:))
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0174

0175

0176
0177
0178

0179
0180
0181
0182
0183
0ls4
0185
0186
0187
0188
0189
0190
0191
0192
0193
0194
0195
0196
alse7
0l98
0199
0200
0201
0202
0203
0204
0205
0206
0207
0208
0209
0210
0211
0212
0213
0214
0215
0216
0217
0218
0219
0220

965

967

970

990
2996
2000

1515

1517

704
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I ik A D
: LD CE:,53%, tm=——mmem :,/ . 31X,

:MINUTES:,5X,:MICROMHOS:,5X,:N:,6X,:INTERVAL:,7X,:C-C:)

FORMAT(1H4, : AVERAGE PERCENT DEV. FOR STDVMN =:,410.5,4%, : AND

FOR CI95 =:,F10.5)

FORMAT (1H2,38X,:C:,2%, :=:,6X,F6.2,2X, : MICROMHOS : , 7X, : THESE

VALUES RARE:,/,74X,:CALCULATED FROM:,/,39¥,:C:,2%,:=:,2X,F10.2

2X, :MICROMHOS : ,9X, :ERRORS IN TIME:) ‘

FORMAT(31X,F8.2,F10.4,F10.5,2X,F10.2,F10.2)

FORMAT (2X,F4.1,2%,F4.1)

FORMAT(2X,F13.6,2X,F13.6,2X,F13.6,2X,F13.6,2X,F13.6,2X,F13.6,

2X,F13.6,2%X,F13.6)

REWIND 4

I1=0

IP =0

IF(IP.EQ.0) ID=1

CONTINUE

IF (IP.GT.0) ID=0

J=1

N=NR

K=N

IF (XY.EQ.TEST) GO TO 911

IF (IT.EQ.l) GO TO 1515

READ(6,2000,END=704) (X(I),¥(I),I=J,K)

DO 1517 1=J,K

IF (X(I).EQ.EOFS) GO TO 704

CONTINUE

J=J+N

K=K+N

GO TO 1515

CONTINUE

SUMX=0.0

SUMY=0.0

S$X5=0.0

SYS=0.0

SMXY=0.0

N=I-1

DO 10 I=1,N

WIMX=SUMZ+X (I)

SUMY=SUMY+Y (I)

SKS=SXS+X(I) **2

SYS=SYS4+Y (I) ¥*2

SMXY=SMXY+{X(I)*Y(I})

CONTINUE

KMEAN=SUMX /N

YMEAN=S UMY /N

SMXSO=5XS - ( XMEAN *SUMX)

SMYSQ=SYS5~ (YMEAN*SUMY)

STDEX=SORT (SMXSQ/ (N-1})

STDEY=SQRT (SMYSQ/ (N-1))

SUMKXY =S MXY~ ( XKMEAN*SUMY)

RXY=SUMXY /SORT (SMXSQ*SMYSQ)

RXYSQ=RXY **2

B3=SUMKY /SMXSQ
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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
02438
0249

0250
0251
0252

0253
0254

0255
0256
0257
0258
0259
0260
0261

38

39

40

50

100

74
1lie

434
400
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AZ-YMEAN- ( B*XMEAN)

AB = AZ

IF (RXYSQ.IE. 1.0) GO ToO 38

RXYS0=1.0

STERR = SQRT((1.0-RXYSQ) / (N-2) * SMYSQ/SMXSQ)
T=99999.9

GO TO 39

STERR = SQRT((1.0~RXYSQ) / (N=-2) * SMYSQ/SMXSQ)
T=B/STERR

NDF=N-2

I1=I1 + 1

WRITE (3,40) (TITLE(Trl,J3),J3=1,10)

FORMAT (1H1,31%,10a8)

WRITE (3,FMT1) A,FML2

WRITE (3,FMT2) KNCELL,TEMP,FML3

WRITE (3,50) N,XMEAN,¢MEAN,STDEX,STDEY,RXY,RXYSQ
FORMAT(1H ,/////,10%,:N = :,14,//,10%,:MEAN OF X = :,F15.3,
//, 10X, :MEAN OF Y =

,F15.3,//,10%, +STANDARD DEVIATION OF ¥ = :,F15.5,//,10%,:
STANDARD DEVIATION OF Y = :,F15.5,//,10%,:R = :,F8.5,//,10%,:
R SQUARED = :,F8.5)

IF(AZ.LT.0.0) GO TO 60

SGN=PLUS

GO TO 70

SGN=MINUS

AB = ABS(AB)

IF(ID.EQ.1) GO TO 73

CONTINUE

IF (ID.NE.1) GO TO 74

RATE=( (B} /(2%A)) * (CELL(J2) /(1000.0))
HALFL=1.0/B

WRITE(3,100) B,SGN,AB,RATE,HALFL,STERR, T NDF

FORMAT(//,10¥,:¢ = :,F12.6,: X : ,A3,F12.4,10X,:RATE = ., F12.4,5X,
:HALF LIFE 22,58.2,//1OX,:STANDARD FRROR OF REGRESSION COEFFICIENT
= .,r12.8,//,10%,:T = :,F12.3,10%,:D.F. =:,14)}

GO TO 434 I

N SN ,STERE, T,

gfﬁé?}i%iéxgiliclléylz.é,: X :,A3,F12.6,//,10X:STMiDARD

ERROR OF REGRESSION COEFFICIENT = :,F12.6,//,10%,:T7 = :,F8.3,

10X, :D.F. = :,I4)

Y 0
giéﬁiTci}i/giox,:OBSEEVED:QX,:OBSERVED:,EX,:EXPECT?Di,lOX,
:DIFFERENCE:,lOX,:DIFFERENCE:,/,lOX,:X—VALUE:,EX,:X—VALUE .,
5%, :Y-VALUE: ,12X,:¥ - MEAN:,10X,:¥Y - EXPECTED://)

gssypl = 0.0

55yD2 = 0.0

DO 600 I=1,N

YYy=B*X (I)+AZ

YMMEAN = Y{I) - YMEAN

YIMyy=Y (I)~-YY

sgYDl = SSYDL + YMMEAN * YMMEAN



0262
0263
0264
0265
0266
0267
0268
0269
0270
0271
0272
0273
0274
0275
0276
0277
0278
0279
0280
0281

16l
502

611
501
800
799

801

850

911
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SSYD2 = SSYD2 + YIMYY * YIMYY

IF(IP.EQ.3) GO TO 161

GO TO 611

WRITE(3,502) X(I),¥(I),YY,YMMEAN,YIMYY
PORMAT(/,6X,F12.3,F12.6,1X,F12.6,6X,F12.6,6X,F12.6)
GO TO 600

WRITE(3,501) X(I),Y(I),YY,YMMEAN,YIMYY

FORMAT(/,6X,F12.3,F12.3,1X,F12.3,6X,F12.3,6X,F12.3)
CONTINUE

WRITE (3,799) SSYD1,SSYD2
FORMAT(:3:,14X, :SUM OF SQUARES OF DEVIATIONS:,3X,F15.3,3%X,F15.3)
WRITE(3,801)

FORMAT (/1H1)

CALL GRAPHS (N,X,Y,AZ,B)
IP=IP+1

IF(IP.EQ.7) GO TO 850
GO TO 5

IF(IT.EQ.1) REWIND 6

GO TO 11

END
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o002
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0004
0005
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00Qa8
0009
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SUBROUTINE GRAPHS (N,Y,X,AZ,B)

THIS SUBROUTINE WILL PLOT A ONE PAGE GRAPH ON THE PRINTER.

DIMENS ION K(26),X{l),Y(l),XWRD(ll),YWRD
DATA LANK /41 /+IDOT /4H /A NN(1)  NN(2) ,NN(3),NN(4)

/ 4H3000,4H0300,4H0030, 450003 / KN(L1) ,KN(2) ,KN(3) ,KN(4)

/ 4H+ f4H + 4H 4+ 48+ //IDSH / 48 - /,1Z(1),12(2),

Iz2(3),1Z2(4) /4H1000,4H0100,4H0010,4HOOOl /
CALL SORTZ (X,Y,N)

XFHNGE=X(N) -X(1)

YMAY=Y (1)

YMIN=Y (1)

DO 50 I=2,N
IF(Y(I).LT.YMIN) YMIN=Y(I)
IF(Y(I).GT.YMAX) YMAX=Y(I)
YRNGE=YMAX~-YHMIN
LHRD (1) =X (1)
XWRD{(11) =X {N)
YWRD (1) =YMIN

YWRD(11l) = YMAX
AY=0.,1*YRNGE

AX=0.1*ZRNGE

DO 60 I=2,10

XI=I-1
XWRD(I)=XWRD (1) +XI*AX
YWRD(I)=YWRD(1)+XI*AY

J=1

J1=0

JJ=1

XL=0.2*AX

XJ=31

DO 100 I=1,21

K{I)=LANK

IF(J.GT.N) GO TO 200

IF ((XWRD(1) + (XJ + 0.001) * XL) .GT. X(J)) GO TC 200
C=(Y(J)=-YWRD(1)) /AY
JB=IFIX(C)

NB=IFIX(C*2.)

C={ (¥ (J)-YWRD(JB+1)) /AY) *8.
LOC=IFIX(C)+1
IF(LOC.CGT.4) LOC=LOC-4
J=J+1

IF (K (NB+1) .NE.LANK) GO TO 190
K(NB+1) =K (LOC)

GO TO 110

K (NB+1) =K (NB+1) +NN (LOC)
GO TO 110

IF(J1.EQ.0) GO TO 250
MI=J1

IF (MI-5)270,240,230
MTI=MT~5

(13) ,NN(4) ,RN(4),12(4)
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0047 GO TO 220

0048 240 JI=JT+1

0049 250 CONTINUE

0050 GO TO 400

0051 255 WRITE (3,260) XWRD(JJ),IDSH, (K(T) I=1,21)
0052 260 FORMAT (E18.6,A4,25ad,A1) I
0053 GO TO 290

0054 270 WRITE (3,280) IDSH, (K(I),I=1,21)

0055 280 FORMAT (18X,Ad,25Ad A1)

0056 290 Jl=J1+1

0057 IF(J.GT.N) GO TO 300

0058 GO TO 90

0059 300 IF(JJ.GE.1l) GO TO 500

0060 DO 310 I=1,21

0061 310 K(I)=LANK

0062 GO TO 210

0063 400 CONTINUE

0064 Z= (XWRD(JJ)-AZ)/B

0065 IF(Z.FT.YMAX) GO TO 255

0066 IF(Z.LT.YMIN) GO TO 255

0067 C=(Z -YWRD(1))/QY +0.0000001

0068 JB=IFIX(C)

0069 NB=IFIX(C*2.)

0070 C=((z2  -YWRD(JB+1))/AY)*8. +0.0000001

0071 LOC=IFIX(C)+1

0072 IF(LOC.GT.4) LOC=L0OC-4

0073 K{NB+1) =K (NB+1)+IZ(LOC)

0074 GO TO 255

0075 500 CONTINUE

0076 DO 70 I=2,22,2

0077 K (I)+IDOT

0078 70 X {(I=1)=LANK

0079 WRITE (3,80)(K(I),I=1,22),(YWRD(I),I=1,11,2),(YWRD(I),I=2,10,2)

0080 80 FORMAT(15X,2224,/12%X,6(4X,E12.6)/20¥,5(4X,E12.6)//57%,
X - A X I S:)

0081 RETURN

0082 END
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SUBROUTINE SORTZ(A,B,N)

THIS SUBRCUTINE SORTS A 1-DIMENSIONAL FLOATING

POINT ARRAY (A), AND DUPLICATES THE RECORDING
IN A SECOND ARRAY (B).

DIMENSICN A(l),B(1)
IF(N.LE.1} RETURN
Do 20 I=2,N
IML=I-1

DO 10 J=1,IM1
JI=1~-J

IF(A{JT) .GE.A(JJT+1)) GO TO 20
X=A{JJT)
A(JTY=A(JTJT+1)
A(JJ+1) =X

X=B (JJ)
B{JJ)=B(JJ+1)
B{(JJ+1) =%

CONTINUE

RETURN

END
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APPENDIX IT

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 ANOVA cell arrangement and appreciation is

acknowledged to Dr. Emery Sadler, fermerly 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

axamined are:

c, df = ¢c-1 = 2
C DE CDE
S(T9x...)° (777%...)°
_ brEeTigK e 5 1.5
SSC - de cde
_(1.646 + 1.524 +...t 1.738)2 +...+ (1.816 +
- 2y (3)

2
1.661 +...+ 1,594)2 _(1l.646 +...7F 1.594)
273) (3)

D CE CDE 5
e 2 oo
o o MIDxgydT o (Q1Ixg)”

D ce cde
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_ (1.646 +...+ 1.627)° + (1.597 +...+ 1.594)°2

1(3}(3) (The
same second term as above.)
E, df = 3-1 = 2
E CD CDE
2 2
s - LA )" (121%45)
E cd cde
cp, df = (c-1) (d-1) = cd-c-d+l = 2
CD E C DE D CE CDE
2 2 2 2
ss - ZZ(ZXijk} _ anijk) i [(Z}:xijk) . meijk}
CD e de ce cde
Ce, df = (c-1) (e-1) = ce-c—e+l = 4
CE D C DE E CD CDE
© 2 2 o 2 Pk 2
CD(xgy)? | DDx)T LR (191%, )
5S¢y ~ c ce cd cde
DE, d4f = (d-1)(e-1) = de-d-e+l = 2
DE C D CE E CD 5 CDE .
2 2 T Y 2
XZ(EXJ‘]}(} Z(ZZXLJK) Hilejk} _ Q&ZXUQ
SSpg c - ce - cd cde
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CDE, df = (c-1) (d-1) (e-1) = cde-cd-ce-de+c+d+e—-1 = 4
CDE CD E CE D DE C
o 2 2 - 2 5
ss _ ZZZ(xljk} _ EX(EXle} _ Z.E (lejk) _ zv\; (Exljk]
CDE T s 3 -
C DE D CE E DE CDE
RO AV AT A VY TN R O IR
de ce dec cde

The F test values are calculated by dividing the MS term by

the appropriate error MS.

MSC MSE %SD
F, = F_ = - F. = & : _
C MSCD ' TR ﬂSDE ! D ASCD + MSDE WSﬂDE
- MSCD - _ MSCE - _ MSDE
= - ! "
CD MSCDE ! CE MSCDE DE MS CDE



