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516 1.1 u# Flow chart 383/ BASIC
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“m‘mnsuﬁ] NBUNTUATU R A T IFR UYL IR UL T Tihna s
ARBraaNTISa  AsAaBilUuIRENY RN En BASIC

00.00000.‘0‘0000000 KRR L OLE L LIS T T T EEPretds sttt stststssssssse o

"% PROGRAM: CALCULATE SURFACE RESISTANCE AND SURFACE CONDUCTIVITY *

# - OF PYRROLE COMPOSITE FIIM,SYNTHESIS BY CHEMICAL VAPOUR X

& - DEPOSITION (CVD), BY VAN DER PAUW METHOD . X

“% PROGRAMMER : Mr.CHALONGCHAI KAEWPUPA , DATE : 29 APR 91 X

X Polymerphysic laboratory ,Physical department,CU. X

~ KKK KKK KA ACK KKK KKK IKIKCKACKAKAICIIKIIIKIIIIOIKRK
5 "CIS:M =0

10 LOCATE 10,20,0 :INPUT"How many loop do you want';N
15 FORI =1 TON

20 FORS =1T0 2

25 CLS

30 LOCATE 1,30,0 :PRINT "DATA INPUT"

35 LOCATE 4,31,0 :PRINT " LOOP" ;I

40 LOCATE 6,31,0 :PRINT "GROUP" ;S

45 [LOCATE 8,5,0 :INPUT"I1(mA) = ";I1
50 LOCATE 8,45,0 :INPUT"V1(mV) = ";V1
55 [LOCATE 10,5,0 :INPUT"IZ2(mA) = ";I2
60 LOCATE 10,45,0:INPUT"V2(mV) = ";V2
65 LOCATE 12,5,0 :INPUT"I3(mA) = ";I3
70 LOCATE 12,45,0:INPUT"V3(mV) = ";V3
S 75 A = (SK((IIXKV1)+(IZ2KVZ2)+(ISKV3))-((I1+I2+I3)%(V1+V2+V3)))
80 B = (3K((I1XI1)+(I2*I2)+(I3KI3))-((I1+I2+I3)*(I11+I2+I3)))
85 P =A/B
90 IF S = 1 THEN R1 = P :NEXT
95 R2=P
100 D = 3.141592654%R1: E = 3.141592654%R2

105 F = (D+E)/2 : X = F/IOG(2)



110
115
120
125
130
135
140
145
150
155
160
165
175
180
185
190
195
200
205
210
215
220
225
230
240

130

¢ = ~Df: H = -BA&
K

EXP(G): L = EXP(H)

J = K+L

IF J <= 1.000001 THEN 135

X = X/J: GOTO 110

CLS:LOCATE 10,20,0 :PRINT“Surface resistance = -

LOCATE 12,20,0 :INPUT "Press any key to continue...... "3Q
X=X+X

M=M+X

NEXT

T = SQR(M/N)

CLS:LOCATE 10,15,0 :PRINT “Average surface resistance = ;T
LOCATE 12,15,0

INPUT "Do you want to calculate surface conductivity.(y/n)";A$
IF A$ = "y" THEN GOTO 190

IF A$ = "“n" THEN GOTO 210

GOTO 165

CLS:LOCATE 10,15,0 :INPUT " FIIM THICKNESS(mm) = “3Y
vV = 10/(T*U)

LOCATE 12,15,0 :PRINT " Surface conductivity = "3V

LOCATE 14,15,0 :INPUT " Press any key to continue...”;Q
LOCATE 16,15,0 :INPUT " Do you want to recalculation. (y/n)";A$
IF A$ = "y" THEN 5

IF A$ <> "n" THEN GOTO 210

END

’WWWENDOFPROGRAMHWWW
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OUTPUT
Average; Rs=B

Calculgte 6 @

C INPUT d(mm)

C=10xd
B

OUTPUT
é=C

Recalculation @
YES

( INPUT V,1

A= ym
ILn,

OUTPUT
Rg = A

il

A= Ax%A
M= M+A

51 1.2 usdAy Flow chart m83men BASIC Swium e A s singh
UMY IR B3SRBS 158 ABaANT FOUR-POINT PROBE
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UHUNSHR 2 TBUNSURMNERAT BRI IR SIS IR TR us uRe
s 158 et FOUR-POINT PROBE <aumwn BASIC

A > &> > & > R RA > &> LKA R KRR o O K R R R R K R K K R R R R K R R K R R O R R R o oA > & >

"% PROGRAM: CALCULATE SURFACE RESISTIANCE AND SURFACE CONDUCTIVITY *

“X OF PYRROLE COMPOSITE FILM,SYNTHESIS BY CHEMICAL VAPOUR ¥
3 DEPOSITION (CVD), BY FOUR-POINT PROBE METHOD. *
"% PROGRAMMER : Mr.CHALONGCHAI KAEWPUPA DATE : 29 APR 91 X
“X Polymerphysic laboratory ,Physical department,CU. *
ARSI ACIICKCICIIICKACKICKAKICICIICIICIOIIICKACKACIIIICIIIICKCICK
5 OIS
10 M=0

15 LOCATE 10,20,0 : INPUT " How many loop do you want ;N
20 FORI=1TON

26  -Cls

30 LOCATE 2,25,0 : PRINT " DATA INPUT “

3% A =0

40 LOCATE 10,5,0 :PRINT " LOOP “;I

45 LOCATE 10,20,0 :INPUT " I(mV) = " ;I

50 LOCATE 12,20,0 :INPUT " V(mV) = ";V

55 A = (V%3.1415)/(I%0.693)

601 LOCATE 15,20,0 :PRINT " Surface resistance = ";A

66 A = A¥XA:M =M+ A

70 LOCATE 20,40,1 :INPUT “Press any key to continue.";Q
80  NEXT

90 B = SQR(M/N)

100 CLS :LOCATE 8,15,0

120 PRINT "Average surface resistance = “B

130 LOCATE 10,15,0

140 INPUT "Do you want to calculate surface conductivity(y/n)";Q$
150 IF Q$ = "y" THEN 180



160
170
180
180
200
210
220
230
240

IF @$ <> "n" THEN 130
GOTO 210

LOCATE 12,15,0 :INPUT
C= 10/(B‘*D)

LOCATE 14,15,0 :PRINT
LOCATE 16,15,0 :INPUT
IF Q$ = "y" THEN 5

IF @$ <>"n" THEN 210
CLS:END

133

“ FILM THICKNESS(mm) = ";D

"Surface conductivity = o o

"Do you want to recalculation(y/n)";Q$

“ sorcioiciickickiciIcRICIcIIciIcKEND . OF - PROGRAMAcKickickiciciooiciiciicioicoicioiciockok

& 0000‘0000000‘.000.000000000.0000000000000.0’000000000000000000000
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/ /
/X This program calculating the resistance and X/
/X conductivity of pyrrole composite film */
Vi PROGRAM BY: CHALONGCHAI KAEWPUPA :Polymer Physics Lab. %/
/X Chulalongkorn University Bangkok Thailand. */
/ 7
#include <stdio.h>
#include <conio.h>
#include <math.h>
float x[3][4],Y[3][4],a0[3],a1[3],Cd[3],Sd[3];
float | sum_X, sum_V , Sum_Xy , Sum_xsq , sum_ysq, Sumx_sq, sumy_sq = 0.0;
float R1,R2,P1x,Q,X,d,Sigma = 0.0;
float pi = 3.141583;
char ansl,ans2;
main()
{
clrscr();
title();
do{
clrser();
input(1);
process(1);
R1 = alll]l;
clrscr();
input(2);
process(2);
R2 = all2];

clrscr();



process2();

report_process3();
}while(ansl == Y™ || ansl == "y7);
}
title()
/ARRRIRIRICIIIIIIRIIIIICIIIIISIIIIIIIRAIIIAICIK /
/X This routine display the title and X/
/X start the program X/
/HERRIICICIIIIICIISICICIICKICICKACKIRISICICRICKICIoRICIRIK /
¢ .
gotoxy(26,2);
printf(“"CALCULATION PROGRAMMING");
gotoxy(15,7);
printf("Surface Resistance and OSurface Conductity™);
gotoxy(37,9);
printf("of");
gotoxy(26,11);
printf("Pyrrole Composite f£film");
gotoxy(50,17);
printf(""CHALONGCHAI KAEWPUPA");
gotoxy(55,19);
printf("26 APRIL 1992");
gotoxy(57,21);
printf("3:30 p.m.");
gotoxy(15,25);
printf("'Press any key té start calculation ");
getch();
}
input(group)
int group;
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/ARSI OICIOIIICKSICICIOIK /
/% This routine receives input data of each group from X/
/% console and calculate the summation of some data X/
/% which required in this system X/

> & LSS PLOPSLPLPLCPICLEIPP TP P00 0 0800080008808 000e S @00 /

int colx = 10,coly = 40,row = 5;

int number;

sum_x = sum_y = sum_xy = 0.0;

sum_Xsq = sum_ysq = sumx_sq = sumy_sq = 0.0;

gotoxy(34,1);

printf("PROCESS (%d)",group);

gotoxy(5,3);

printf("DATA INPUT :");

for(number = 1;number <= 3;number++,row += 2){
gotoxy(colx,row); /% for Xi variable X/
printf("I%d(mA) = ",number);
scanf("%f",&x[group] [number]);
sum_x = sum_xX + x[group][number];
sum_xsq = sum_xsq + pow((double) x[groupl[number],2);
gotoxy(coly,row); /% for Yi varible ¥/
printf("V%d(mV) = “,number);
scanf ("%f",&y[group] [(number]);
sum y = sum y + y[group][number];
sum_ysq = sum_ysq + pow((double) y[group][number],2);

sum_xy = sum_xy + (x[group]l(number] ¥ y[groupl[number]);

}
sumx_sq = pow((double) sum_x,2);
sumy_sq = pow((double) sum_y,2);
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process(group)
int group;

WW&WWW/

/¥ This routine calculates a0,al,Cd,Sd X/
/X and display the results and P1(x) X/
/% equation */

MWWWWW/

int col = 10,row = 14;

int number;

gotoxy(26,17);

printf("Waiting for data processing”);
0.0;

a0[group] = allgroup]

Cd[group] = Sd[group]
Plx =Q.=0.0;

0.0;

allgroup] = ((3 * sum_xy)-(sum_x * sum_y)) / ((3 * sum_xsq)-sumx_sq);

(sum_y - (allgroup] ¥ sum_x)) / 3;

a0[group]
for(number = 1;number <= 3;number++){
Pix = aO(group] + (allgroup] ¥ x[group]{numberl);

Q = Q + pow((double) ylgroup]l(number] - P1x,2);

}

Cdlgroup] = sart((double)l - (Q / (sum_ysq - (sumy_sq / 3))));
Sd[group] = sart((double)Q);

gotoxy(26,17);

printf(" i

gotoxy(5,12);

printf("RESULT :");
gotoxy(col,row);
printf("a0 = %f",a0[group]);

row += 2;
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gotoxy(col,row);
printf(“al = %f",allgroupl);
row += 2;
gotoxy(col,row);
printf("Cd = %f",Cdlgroup]);
row += 2;
gotoxy(col,row);
printf("Sd = %f",Sd[group]);
row += 3;
gotoxy(col,row);
printf("V(I)%d = %f + %fI",group,a0[group]l,allgroupl);
gotoxy(27,25);
printf("Press any key to continue");
getech();
}
process2()
/okriccickRioicicickicioickIckicikiiisiciciioicicioiciaioloRdicickborciciokolololoiokiololok /
/% The main job of this routine is to processing data value */
/% for surface resistance of pyrrole film. X/

00.00.0.00000.00000000000000.00000.00.0..000000000‘0000000000 /

float A,B,C,I = 0.0;
gotoxy(36,3);
printf("WAITING");
gotoxy(38,8);
printf("FOR");

gotoxy(30,13);
printf("FINAL DATA PROCESSING");
gotoxy(38,18);



printf("AND");
gotoxy(34,23);
printf("FINAL REPORT");

A = pi ¥ R1;

B = pi * R2;

Ci= (A% B) /23

X = C / (log((double) 2));

forl;: )
I = exp((double) (-A / X)) + exp((double) (-B / X));
if (I <= 1.000001)

break;
else
X=X/1;
}
clrscer();
}
report_process3()
/NﬂﬂﬂﬂﬂﬂNﬂﬂﬂﬂﬂﬁﬂﬂﬂﬂbwbbﬁhbhﬁkhhﬁhhhhhhhﬁhhhﬁﬁhhﬁh*/
Vi This routine display all input data X/
/% and the result of each group of data X/
/% and ask if user want to calculate X/
/X for surface conductivity or want to X/
/X continue for another data X/
skrioricksiiiciorsilickioRIiolclRicioircioRdktoRskctostoftoctotck /
{

int col = 5;

int row = 5;

int  group,number;
clrscr();

gotoxy(lB,1);printf("Group I )
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gotoxy(56,1);printf("Group II");
gotoxy(7,3); printf("I(mA)");
gotoxy(27,3);printf("V(mV)");
gotoxy(47,3);printf("I(mA)");
gotoxy(67,3);printf("V(mV)");
for(number = 1;number <= 3;number++,row += 2){
col = 5;
for(group = l;group <= 2;group++){
gotoxy(col,row);
printf("%.4f" ,x[group][number]);
col +=-20;
gotoxy(col,row);
printf("%.4f",y[group]number]);
col +=20;

}

gotoxy(5,13);

printf("Surface Resistance of Pyrrole Film = %f Ohm/cm™,X);

gotoxy(10,21);

printf("Do you want to calculate surface conductivity ? (Y/N)

ans2 = getchar();

while((ans2!="Y )&&(ans2!="y )&&(ans2!="N")&&(ans2!="n"))
ans2 = getchar();

if((ans82 == “Y") !} (ans2 == "y”")) process3();

gotoxy(10,23);

printf("Do you want to continue for another data ?2 (Y/N) ")

ansl = getchar();

while((ansl!="Y )&k (ansl!="y  )&&(ansl!="N")&&(ansl!="n"))

ansl = getchar();
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process3()

}

/WWWWW/
/¥ This routine calculate the Surface X/

/X Conductivity and display the result X/

/WWWWW/

gotoxy(10,21);

printf(" %
gotoxy(5,16);

printf("Input thickness of Pyrrole Composite film ");

printf("” in micro-metre unit.”);

scanf("%£f",&d);

Sigma = 10000 / (X x d);

gotoxy(5,19);

printf("Surface Conductivity of Pyrrole Film = %f S",Sigma);

/HRRIRIIIIRICICIICIIICICIIKKEND . OF PROGRAMFKIKAKIKICKIICKAKIIHIIIKICKKRK /

/ KKK 000’0.0000000000 > & > > & &> 000000000000000000000000.0000
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/*)k*;k***;k**}k** TELOLLELCECICELEL LS LS LSS oS 000000000000000400000000

/X
/X
/%
/X
/X
/X

This program calculate the Surface Resistance and
Surface Conductivity of pyrrole composite film which
measured by Four-point probe method.
Program by : Chalongchai Kaewpupa ; Polymer physic lab.
Depart. of Physic ; Faculty of Science ; CU.
DATE ; June ,13 , 1992.

*/
*/
*/
*/
*/
X/

/ LS 2000000000000 00000000000000tttittttttttttitttsttttstsstsssssseesese /

# include "stdio.h"

# include "conio.h"

# include "match.h"

main()

{

float pi
float Ln

int i,N;
float V,I,R,A,B,C;
float P,M,Q,d,S;

3.141593;

0.69315;

char chl,ch2;

/ 000 0000000000000ttt ttttttttittststtttssssesssee /

Vi
/X

This routine display the title and start X/
the program. */
/RAARAARAIOIIIIIICOOICICIOIKICICIKAIRAOKICICICACK /
clrser();
gotoxy(26,2);

printf("CALCULATION PROGRAMMING ");
gotoxy(15,7);

printf("Surface Resistivity and Surface Conductivity');



gotoxy(37,9);

printf("of");

gotoxy(26,11);

printf("Pyrrole Composite Film");

gotoxy(50,17);

printf( "CHALONGCHAI KAEWPUPA");

gotoxy(55,19);

printf("13 June 1992");

gotoxy(15,25);

printf("Press any Key to start calculation..”);

getch();
/HRRRIORACIIORACKICKICKICKIIRIIAIIIIIRIICKICIOIICKICKICIIIIOIKAK /
/X This routine asked you. How many Loop of X/
/X calculating which do you want ? x/

/ > 0000.00000.0000‘.00000000000.’000000000000000000

ch2 = X735

while ((ch2 == “¥7) || (ch2 == "y )M
clrser();
gotoxy(30,10);

printf("How many loop ?7");
scanf("%d",&N);
JHRRARICRACKASKICKICKIIRIIIAIIIRACIIORIKICKICKICKIIIIICIIRIORAACIORK /
/% This routine receives input data of each loop from X/
/% console and calculating the Surface Resistivity. X/
/ sekkickkioickoriciekicioiccickckiioricicioicioioicickiciciceicioicioisicisiciciicioicioloiolciorck /
for(i = 1;1 = N;++i)s;
clrser();
gotoxy(35,4);
printf(“DATA INPUT");
gotoxy(38,6);
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printf("LOOP %d",1i);

gotoxy(20,12);

printf("Enter Voltage (mV) = ");
scanf ("%f",&V);

gotoxy(20,14);

printf("“Enter Current (mA) = ");
scanf ("%f",&I);

A = Vkpi;
B = IXln;
C = A/B;
M = CxC;

J
Q = P/N;
R = sqrt(Q);

/ 00 005 6000000000000 00000setsssr sttt bttt ee e e /

/% This routine display results of Surface Resistivity X/

/% and asked you. Do you want to calculate Surface X/

/% Conductivity,don”t you. X/
/ARIRAIIROIIIIIKAACIRAIIAIIACIIICKACIIIIIICIIICICICKIICIIKAIRK /
clrscer();

gotoxy(30,10);

printf("Average Surface Resistivity = %10.4f",R);
gotoxy(30,14);

printf("Do you want to calculate Surface Conductivity?<Y/N>");
chl = getchar();
/ARIIIKACIACOAIIIIIIKAIIKAIIIIICIORICICIIIOICIIRICIICIIIISICIOICKCIK /
/% This routine receives the film thickness and calculate X/
/% the Surface Conductivity and display the result. X/
/KKK ARSI KKACKIKAIOIOICIICIKIIICIIIIIIICKK /

if((chl == “Y")}i(chl == "y")){
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clrser();

gotoxy(20,10);

printf("Please input the film thickness (mm)...");
scanf ("%f",&d);

S = 10/(R¥d);

gotoxy(20,12);

printf(“Surface conductivity = %10.4£",5);

}

/ .00000000000000000000000..00.“ CELPLLPECLELLLELELELLS LSS /

/% This routine asked you. Do you want to recalculation, X/
/¥ don"t you? */
G o e e
gotoxy(30,18);

printf("Do you want to recalculation?<Y/N>");

ch2 = getchar();

}

/ckricrioRIckiolRickicioRiclkEND OF  PROGRAMickickivkoiokickiciokicioicicioictoftoctatorek /

/WW** KK KKK KKK IO K KR AR OKCOR /
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FXRFEXEK CALCUBLATION TABLE FOR PYRROLE COMPOSITE FILM #%EXEERENR
BY VAN DER PAW METHODE

VOLTAGE CURRENT RATIO
(mV) (mA) (Vv/1)

-
i
L4 PLEASE...
--------------------------- t} <(==——---Input the data
2 and press key (Alt+A:
& together tc start
ERR calculating.

st 9.1 usmaAMESINTIUTBYR TUNITRTUIAA ALY Van der pauw

‘. & ‘.: J o0 -~ >
W& LRe I L umnias T unaun 1S I uviia LU FIzENAIAENIINTSATUIN
WD BBINHTURBUANTYMIUTAI TR SN IEAY TR UNERLRT IAIARN
» ] 3 d' A &
nrsvAREIASIvliaaN1fusznay - Faundn Vo use I WiInW thussinuwnamasy

ednafunmgf 9.1 qefhyey I BunfauanI i 9.2

*x%x%kxx%X CALCULATION TABLE FOR PYRROLE COMPOSITE FILM *XkX*ikx*x
BY VAN DER PAW METHODZE

(mV) (mA) (V/I)

3.400 0.280 12.14 Group I

9.000 0.750 12.00 <--=m--e- N

10.800 0.905 11,93 NEY PLEASE...

e S e AR e il (mmmmme Input the data
12.7700 0.270 47 Of Group-II !:i1: and press kKey (Alt+A)
33.300 0 729 46.25 S R together tc start
40.600 0.885 45.88 calculating.

M 9.2 usnInTsibuinyasamMasy un1sAUIMILIL Van der pauw

1.2 Lfmnm;m Alt use A noduthiemi(keybroad)winy 7 fiu  SuUsunsy
Q:tém’ﬁﬁ‘mﬁm TAHADULTNATATUIAMN Ry URE Ro 1A878 least square um
u"A1 Ry ust Rp FAnuH ANANEVNANAAF UV TN TR R ma AR TS SN

BN15A 3.1 VA NTUILUAAINANITATMNARDNIN LS IS Al TugIf 9.3
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**¥¥x%%x%¥ CALCULATION TABLE FOR PYRROLE COMPOSITE FILM *%k¥¥xxxkx
BY VAN DER PAW METHODE

VOLTAGE CURRENT RATIO
{mV) (mA) (V/1)

___________________________ Equation of straight line

3.400 0.280 12.33 .
9.000 0.750 12.00 ====—-- AN 0095 & 127 4188 )L
10.800 0.905 11.93
12.700 0.270 47.04
33.300 0.720 46.25 2 -==—--- >V = 0.46 + ( 43.45 )I
40.600 0.885 45.88
---------------------- KEKKKKXK
Surface resistance of pyrrole composite film = 12.66 Chm/squar
KKK KKK KK

Do vou want to calculate surface conductivity?(:r/ni

guﬁ 3.3  URAINANTISATUNARIAINFUMUTIHN SAT ML Van der pausy

mn‘g"uﬁ 3.3 NS Vo= 0.08 + (11.86)1 URERINIS
V = 0.46 + (45.45)1 Pusmmenanii  Afesnns 1dunssdousmannudnius
1a3A7 V use I umﬁ‘a:gmﬁa:qﬂﬁuma fufn Ry WRE Ry ARBAIWHUIAINSIN
\dunsaii Brufunnsiosaasanasii A Ry nAu 11.86 use Ry vnAU 45.45
AR

1.3 mwag"\uﬁ"uﬂauﬁ TUSUATIREMNLSIIN  “ABINITITAMNATRMN
U IR REme RS Il 2 (q;i‘tﬁ 3.3 ustnau) drisman 'y
(nmx Y) T USUATIRZONNATIAIIMUN (d ) 1IN UREIWa RRT 1T H Siathudanamun
20U UREIRS W FEUaY udinA RETURN win ENTER  TUSUNTIREAUMMASILEAD

NRNTAMNMEANINIR LT MTIY AT 9.4

Please input the thickness of pyrrole composite film.

FILM THICKNESS(mm) 0.22
EXXKXXXEX
Surface conductivity of pyrrole composite film = 40.35 S/cm
KEXKRKEKEX

Please press key RETURN to start recalculation.

gtﬁ“‘u 3.4  UEAINRNITATUIMANEMNUTIHN (FRATUNMILIL Van der pauw
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Lfmnm_;b.l RETURN w38 ENTER Bnadanily SLBuATIREUNALMLTUREUR 1.1
AousmanLLaTin s fuiayeiagf 9.1 LT:'mL%'nﬁ’umﬁuﬁagma:mmmmﬁnﬂ%mﬁa
uflunsAM LS AaY “n” (naby N ) Ao u¥pInITAUIaMATEMRUT I AR RN
oA ITFILSIN TR N A TuABUA 1.1 uRsusRIULLIMETINT T SuTaRnagL
3.1 e SufunnsiuiayruscamunanivwiEn iduiu

FunpunsvrewiamazasTsun s Tndantl  szuanaiunasaanuin
HaTINTTUTaNR  ustUIENaLINTS LEBUTISUNSBNIAS Fafisyae | Bunnasfana
§19M79 7 W Worksheet UREMTSUNTIANIAT fasia Al (bﬁﬁnmmﬂﬂ’muﬁm—

uASN LOTUS snudhimiiu  Jass iisfpndnml farm useSBnsuniuliautd)

UkuARM 5 aiATEs LOTUS eunmdnasdmymussstmmm g
A RBnE IS A LIRS Van der pauw USRS 1HuA
nysaaniinl Worksheet

duit 1 duindsthaunreins uiime
Bl: PR [WS] ™kicickickk

C1: PR "CALCULATION TABLE FOR PYRROLE COMPOSITE FILM
K1: PR [W8] ° sckikoiciorik

D2: PR "BY VAN DER PAW METHODE
B4: PR [W9] \-

C4: PR \-

D4: PR \-

B5: PR [W9] "VOLTAGE

C5: PR "CURRENT

D5: PR "RATIO

B6: PR [W9] ~(mV)

C6: PR “(mA)

D6: PR “(V/I)

B7: PR [W9] \=

C7: PR \=

D7: PR \=



D8: PR (B8/C8)

E8: PR [W9] ~

Group I

D3: PR (B9/C9)

ES:
G9:
D10

G10:
I10:
Bl1:
C11:
D11:
Gl1:
nrl:
Jil:
D12:
E12:
G12:
132:
D13:
E13:
G13:
I13:
D14:
I14:
B15:
C15:
D15:
V4: [W3] “Equation of straight line

Ué:
V6:

PR [W9]

-

PR [W4] \|

: PR (B10/C10)

PR [W4]
PR [W3]

PR \-
PR [W4]
PR [W6]

PR [W4]

PR [W9]
PR [W4]

PR [W9]
PR \=
PR \=

(wo] *
(W3] °Vv

\i
"PLEASE. ..

(F3) PR [W9] \-
(F3) PR \-

\i

~ e L LU

PR [W1] “Input the data
PR (B12/C12)
PR [W9] °

Group II
\i

PR [W3] “and press key (Alt+A)
PR (B13/C13)

-~

N

PR [W3] “together to start
PR (B14/C14)
PR [W3] ‘calculating.

AV—
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W6:
X6:
Y6:
Z6:
AAB

AB6:
ACS:
U10:
V10:
W10:
X10:
Y10:
210:
AA10:

(Wil -~
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[(W6] ((B8+B9+B10)-(AAEGX(C8+C9+C10)))/3

(W23 -~
(Wil °

: [W7]

[W1]
[W1]

[W3]
[W1]
[W6]
[(W2]
[W1]

(Wo1

A

(

( (3 ( (BB*C8 )+(BI*C9)+(B10%C10) ) )-( (C8+C9+C10 )*(BB+BI+
B10)))/( (3 ((CB*C8)+(CY*CI)+(C10%C10)))-((C8+CO+C10)
"2))

((B12+B13+B14)-(AA10%(C12+C13+C14)))/3

~

+

(

[W7]1 ((58%((B12%C12)+(B13%C13)+(B14%C14)))-((C12+C13+C14)*

(B12+B13+B14)))/((3%((C12%C12)+(C13%C13)+(C14%C14)))
-((C12+C13+C14)°2))

AB10: [W1] °)

AC10: [W1] °I

dft 2 shwihiivusunsanias

V13:
W13:
Wi4:
W15:
W16:
W17:
W18:
W19:

(W3]
[(W1]
[W1]
[W1]
[(W1]
[(W1]
[(W1]
[W1]

“a
“/wgpd

*{home}/ree8..n15

*{goto}gl0 PLEASE WAIT...
“{down}We are calculating.~

* {windowsoff}{goto}k8 (aab¥@pi)
~{down}(aal0*@pi)~

* {down}(k8+k9) /2"



W20:
V22:
W22:
W23:
W24:
W25:
VZes
- W27:
W28:
W29:

W30:
W31:
W3z:
W33:
W34:

W35:
V37:
W37:
W38:
W39:
W40:

Wal:
W42:
V44:
Wa4:
W45:
W46:

[W1]
(W3]
[(W1]
(W1]
(Wil
[W1]

(w31 *

(Wil
[W1]
(wl]

(Wi]
(Wi]
[W1]
(Wil
[W1]

[(W1]
(W3]
[W1]
(W1]
[W1]
(W1]

[W1]
[W1i]
(W3]
[W1]
(W1]
(W1]
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* {down?}(k10/€1n(2))" {dowm}{branch x}

<

“@exp(-k8/k11)+@exp(-k9/k11)"

*{if k12<=1.000000001}{branch q} "

*{down}(k11/k12)" {up} '

*/rvk13 k11 {branch x}

q

*/rvk13 k17

‘/mu4..a010~e7~

‘{goto}alT~ Surface resistance of pyrrole composite
film =

*{goto k16 kKiokioRik

* {200 Y18 HHKichorkK

‘{goto}m17~0hm/3quare

‘/ref5“/ref6~

‘{goto}alg~ Do you want to calculate surface
conductivity?(y/n)~

*{right 9}{windowon}{branch c}

it -

“{get ANSWER}

“{if ANSWER="y"Hbranch s}

*{if ANSWER<>"n"}{branch c}

‘{goto}a19~ Please press RETURN key to start
recalculation.”

“{goto}kl7”

“{?}{branch e}

e

“{windowsoff}

" /vgpe

~

" /wepd



WaT:
W48:
W49:
W50:
W51:
W52:
W53:
W54:
W55:
W56:
W57:
W58:
W59:
W60:
We1:
We2:
W63:
We4:
W6E5:
VeT7:
WET:
W68:

W69:
W70:
Wil:
W72:
W73:
W74:
W75:

[(W1]
[(W1i]
(W1}
(W1}
[W1]
(W1]
[(W1]
[(W1i]
[W1]
[W1]
[W1]
[(W1i]
[(W1]
[(W1]
[(Wi]
[(W1]
(W11
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“/ref5 /ref6 /real9 /rejl9
‘/me7..m13~u4~

*/reall

*/rek16.n18"

‘{goto}e8~ Group P

“{right 2N\ {downR\| {down}\! {downI\! {doswmN!~
“{goto}eld  <———————v
“{up} Group L.
“{gotothll™ <=——mmniic
“{goto}i10 PLEASE...
*{goto}j11 Input the data
‘{goto}112~and press key (A1t+A)~
“{down}together to start \
‘{down}calculating.~

*/reb8..c10

*/rebl2..cl4”

U [W1] “{home}{goto}b8"

[(W1]
(W3]
[(W1]
[(W1]

[(W1]
[(W1]
[(W1]
[(W1]
[W1]
[W1]
[(W1]

" /wgpe

-~

S
“{goto}a2l {down 4}{right 2}

*Please input the thickness of pyrrole composite

~

film.
“{down 2}FILM THICKNESS(mm) = ? {right 3}
“{getnumber "FILM THICKNESS = ", THICK}

* JCWT9 E27 {down 2}{left 4}
“Surface conductivity of pyrrole composite film

“{right 9}(1/( (k17 )*(THICK/1000)))"

“{right 3}S/cm {up}{left 3}kkrkickik {down 2 PoRKIKKIk

“{down 4}{left 9}Please press key RETURN to start



159

recalculation.~
W76: [W1] “{?} /REA21..040 {branch e}
V78: [W3] "ANSWER
V79: [W3] “THICK

a. a5 LOTUS ATUNERNR AU IR UL RS M TR AaE TReSS
risisa  aaunonay Four-point probe

ANTFUNILSUATNEWELSY LOTUS ) AT wadnA minumu iR ez smnn

TR MRS 15 sAE four-point probe tu = TAuUABUNTTNIU

713 USUN SRR AL

A.1 #vunmasin1Tiuipyeaa . Worksheet “asmadaannuin il

nwuAiUEBYR Apdn V use 1 WatNee 5 AN AT LM TR 19 Tull

uamm‘j',‘lugxﬁ 3.5

SURFACE CONDUCTIVITY CALCULATION TABLE
OF PYRROLE COMPOSITE FILM
{measured by four point probe method}

| CURRENT VOLTAGE RATIO SURFACE RESISTIVITY ) ¥¥¥¥x¥kkxkxikkkixxkkxikyx:

v (mA) (mV) (V/I) (Ohm/cm) + PLEASE... Press key
----------------------------------------------- : Alt and A together.

. If you want to

i calculate the

'

()
o
o
(2]
o
o]

ERR ERR Surface Conductivity.
ERR ERR tand Alt + E together
ERR ERR 1if you want to recal.
::::::::::::::::::::::::::::::::::::::::::::::::: EXEKEKEEREKEEXXRKR KX KRR KKK KKK
- Average Surface Resistance = ERR Ohm/square
AEXRRXKKKRRKEX

zuﬁ 3.5 usmsumasn1siuiaya untsatuamMiuy - Four—-point probe

et Fummias LIlan s wita e Saundageennansmeaaandavily

infhussumafimed el 3l tsnibufioyeasuis 5 uodud SUSUNTIRE

ANUNARNA A UYWL TN 2 2T RS AT I8 URMLEAIFADN NNTUTIAHEA WA

fausmatugift 9.6 (afiuwindiou)
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SURFACE CONDUCTIVITY CALCULATION TABLE
OF PYRROLE COMPOSITE FILM
{measured by four point probe method)

{ CURRENT VOLTAGE RATIO SURFACE RESISTI\’ITYE FREKKKKKKRKRK KKK KKK K K KKK X

i (mA} (mV) - (V/I) (Ohm/cm) i PLEASE... Press key
:—-—= ——————————————————————————————————————————— ! Alt and A together.
: 0.S§ 3§ 60.3 273.38045 . If you want to
; 0,25 ) 60 271.94160 i calculate the
; 0.§2 38 61.2 277.78981 \ Surface Conductivity.
: 0;:4 4i 59.4 269.42168 1and Alt + E together
: 0.742 435 60.6 274.87359% 1if vou want to recal.
| SEESSSSSSSSSSSSSSSSSSSSSSSISSSISSSISSSSSSSISIZSSSSD, KAXERERRRERXRRXRKICRRKKRKR KKK
- Average Surface Resistance = 273.50961 Ohm/square
FREEXKEREKEKK

gtﬁ'ﬁ 3.6  usAIAImINumMEIHRN ISaamunam iy Four-point probe

A.2 TuNsiis¥BIn T AMNaRTRMHU NN TENE T RSMa TR IsE A
ATRENAN ALt uat A LATRFEDN 9 AU TUSUNTIRE LTIMMIUTABANTANNAN
AN UREME TS T e s B9 HiarhuA AU DI UREIRY
uinad RETURN vED ENTER  SUSUATMNRCAMUNGARCUFAIANIDIRNWUN THHEDN

Wi AausAI Ui 9.7

Please input the thickness of pyrrcle composite film.

FILM THICKNESS(mm) = 0.5

KEREKKKXX

Surface conductivity of pyrrole composite film = 7.3123537 S/cm
PETTTE T Y

Press key RETURN to recalculation.

‘Zﬂﬁ' 3.7 URRIMANISATUIRRNEMNUSIW | BAunai Four—point probe

(% 157neps RETURN %52 ENTER fnadovils  TusunTRzaUNALMLTURBY
usn 8pfp A1 Znadavil SaracaILLMeT I TILTBLUR Gandniies L3uAuNT

%uias‘.}ma:ﬂ‘\mnmﬁﬁnﬂ% vl
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uAMUNSAR L9 BERINTATARRMMN NI REmME RS ITH finA
Alt usz E winn 7 Au 1munsm:m;ﬁ’msmﬁmmmuﬂa‘s'xm~wumﬂ e LS
f’\’umﬁ“uﬁ'agma:ﬂ*\mmmﬁnm:a

Funsun1smeuieRsisun aatna Nt ssuenifunnsanni
WaTansduiayR  useisznawns LisuTsunSenAT Fafiswae | Bunnnatan

§A3A7 7 W Worksheet usvfTusunTaNiAT Aria il

ukun# 6 NTIRTIEI LOTUS MWamnasmsdnumasessmmsinhnes
fRemad 15 Auaunt  Four-point probe  UsSH
= 1HumAn15eanu1nl Worksheet

i 1 sndiThannmesinsiuline

Be: IWi3 ° SURFACE CONDUCTIVITY CALCULATION TABLE
C3: (W31 OF PYRROLE COMPOSITE FILM

B4: [W7] ° (measured by four-point probe method)
B8z [WF] \~

C6: [W3] \-

D6: [W7] \-

E6: [W3] \-

F6: [W5] \-

G6: [W3] \-

H6: [W7] \-

18:.IN10 ] \~

J6: [W2] \-

K6: [W1] \-

B7: [W7] "CURRENT

D7: [W7] "VOLTAGE

F7: [W5] "RATIO

H7: [W7] “SURFACE RESISTANCE

B8: [W7] ~ (mA)

D8: [W7] "(mV)



F8:
H8:
BS:

E9:
F9:
G9:
H9:
I19:
Jo:
K9:

F10:
I10:
L10:
F11:
111
L11:
F12:
112
L12:
F13:
I13:
L13:
Fl4:
I14:
L14:
B15:
C15:

W51 ~(V/1)

[W7] ° (Ohm/square )
(W71 \-

: [W3] \~
: [W71 \-

(W3] \-
(W53 \-
(W3] \-
(W71 \-
[(W10] \-
(W21 \-
[Wi3 \-

-

HIACKACKIKICKICICIICKACIICIACICK

[(W5] (D10/B10)

[W10] (D10*@PI)/(B1O*@LN(Z2))

® PLEASE... Press key

[W5] (D11/B11)

[W10] (D11%@PI)/(B11%@LN(2))
Alt and A together.

[W5] (D12/B12)

[W10] (D12%@PI)/(B12%@LN(2))

*  If you want to

[W5] (D13/B13)

[W10] (D13%@PI)/(B13*@LN(2))

calculate the

[W5] (D14/B14)

[W10] (D14*@PI)/(B14*@LN(2))

* Surface Conductivity.

[W17] \=

(W3] \=

162



D15:
E15:
F15:
G15:
H15:
I15:
J15:
K15:
L15:
Bi16:
I16:
i & 4 -
J17:
K17:

163

W71 \=

(W3] \=

[W5] \=

(W3] \=

(W7] \=

[W10] \=

(W2] \=

(Wi] \=

T eckckilickiciolciocRioklcoloRkctolorokk

[W7] ° Average Surface Resistance =
[W10] @SQRT(((I10°2)+(I11°2)+(I11272)+(I1372)+(I11472))/5)
[(W10] \*

[W2] \*

[W1] \x

dni 2 dniivsunnaniss

W3:
X3:
X4:
X5:
X6:
X7:
X8:
X9:

X10:
X1ie
X12:
X13:

\A
*{GOTO}A21 {DOWN 4HRIGHT 2}
“Please input the thickness of pyrrole coméosite film.
“{DOWN 2}FILM THICKNESS(mm) =  ? ~{RIGHT 6}
“{GETNUMBER "FILM THICKNESS(mm) = *,THICK}
*/CX17 H27 {DOWN 2}{LEFT 8}
“Surface conductivity of pyrrole composite film = ”
“{RIGHT 11}(1/((I16)%(THICK/1000)))"
*{RIGHT}S/cm {UP}{LEFT bickicickickk {DOWN 2 Hokbiokioriok
“{DOWN 4}{LEFT 8} Press key RETURN to recalculation.
*{?} {HOME}{DOWN 93}{RIGHT}/REB10..D14"
*/REA21..L30 {QUIT}
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quﬂuﬁﬁnﬂnviﬁ?vﬁktmilﬂn (Poly(vinyl acetate);PVAc)

[— CHZCH(OOCCH3)—-]n

matilrecian  1Tred esarnn hiliaadines (vinyl ester) NN
Wiwnniign yoR L Trlnt uind Tuwensin usiwginadieiu tdu (Dudne
(binder) Filiaiu ua:tﬁumﬁﬁeﬁumﬁmﬁm%umm%nm‘s‘ﬂ‘ﬂﬂﬁuﬁn 2 1ln W
WiEaNnsn L AR A TAEATI9 N (BT DRI NER LETEaITEEITY 17y Med 1 linias-
nagon use wadilirerIma(poly(vinyl acetal)) mﬁ‘hﬂaﬂ:ﬂmnm#mﬁmu
1BansEasausnuLse i iaTiu il A f. 1920 (LBT1 WuRivm,2534; Hudend
1quaniing , 2526)

N3 I3 mMER LT

n19g LAmmeR e inn ARSI WA IaBusaRinar TIBn1T 1A3ENIAY
afnssinuansWvansiin  ttu winiiRA WURNSRCANE LLLLENURDE URSILLBARTUY
sansthusuidiie 30% Ltfﬁﬁﬁ'lﬂ’ﬁumﬁﬁqmuqnmmﬁuﬁa wnddedy  Fafigns

SuSaiadiui 0w Al

5 1AN futasiimiin
1liras e 100
V! 100
hydroxyethylcellulose 2.5 (1Du protective cooloid)

poly(ethylene glycol)ether
789 lauryl alcohol 2.5 (1Du surfactant)

sodium dodecylbenzenesulphonate 0.1 (tfu surfactant)
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sodium bicarbonate 0.5 (lﬁu buffer)

potassium persulphate 0.5 (1flufini3u)

HORLNB1S L'ﬁiua:ns:m#rqmzmm 75 - 80 IFLIRIBNR LM
Wssmng 2 - 4 R RsEeeawiaustng 118 kJ./mol  uasfiasthaiu
RS den s iBura ivene nsiaafunsiginsiismaanel lcacian M
SAHAILANAT pH W

AassiFuREA YT N

R lsarisaliasesdioumes infin - 39 uSiaa thun tauvdany
Suwwadugu  NEwmihBiiansay gy 35,000 - 50,000 Hgamnll nsnewmsuiiu
gan g 1fei Wnilawuniu fnsmna 28 avuie e Sadaudin Wiy
“Bieneeeitau L funensfin  Inszszdaufininay tﬁuﬁnqﬁﬁulm inilen inilausng
(agampfigan3gamgiiia (B fioy (LnsFezatvii Tumnneds ) sansosess R
fiavreemevandrlia WA 2295 LAnlETaTATuau iy LUTWIREIVGEY ARES LuR
1H#IASANTLEY 11U ANTLBU LARSEARDTISA ARDTTHETIIACIAARD1S 1OV LlaRNDERR
FRMAUATLUBLAT 9 10U LINUBRLEE LBYNUAR  f1SITWIN LaRLARS iU LaTRas-
Fiam AU uRe PR afsAIau LThdu uAEuUAaINSl( grease) 1o #i
urctei Tuadned Auditvtivu 0 sownfussERu | fansn g inding
asavdn Lo ium s o iiBueithiauesnaged uscedhillmasdmatd dgnaru
Sautfu 70 2y LRI BuERT \AMUEATEY Ay CH3COOH 9evamaanImnWime a1
SWdBu(polyene) ANRNTT

— CH3COO0H ‘

>MWCH = CH - CH = CH - CH = CHMW-—

MNCHo - CH < CHp - CH - CHy - CHM~
2~ ¢ 2~ ¢ 27
OCOCH3 ~ OCOCH3  OCOCHg3

AsutHaR IR Lan U Fedih ez uniund 1S e R iAo DEDRL RS
A IRSIMA  WRHNTARURR®In | nTumInasARsun it adRiu AN
Miind  yRdAfan 1y Reudugy irfauu R LDudu

A SAfieniEas Poly(vinyl acetate); (PVAC) WuEns i umsia s
2.1 auniirsawil (Brandrup,1975)
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AT 9.1 ﬂ-;mn'ﬁman'\wnﬂfwﬁqpm Poly(vinyl acetate);(PVAc)

Property Value
Absorption of Water.[%] approx. 3 - 6 at 20°C for 24 to
144 hours
Decomposition Temperature. el | 150
Density. [Mg m~31=[g/cm3)] 1.191 at 20°C

119 a8 C
AT At 5O
14 8 120%
1.056 at 200°C

Dielectric Constant 3.5 at 50°C and 2%103 KkHz
8.3 at 150°C and 2¥103 kHz
Dipole Moment.[eSU (per monoment unit) 2.3 % 10°18 at 20°C
1.77 % 10718 at 150°C
Glass Transition Temperature [ ‘C] 28 - 31
Pressure dependence. [K bar"ll 0.022
Hardness. [Shore units] : L80 -8 at20C
Heat Capacity. [kJ kg~1] 1.465 at 30 C
Heat of Polymerization. [kJ mol~1] 87.5
Specific Volume. [1 kg 11  0.823 + 6.4 1074t at t = 100 - 200 C
0.84 at Tg = 28 C
Surface Resistance. [2cm™1] 5% 10-11
Surface Tension. [mN n~1] 36.5"«at 20 °C

28.6 at 140 C

25.9 at 180 C
Tensile Strength. [MPal=[N mm~2] 29.4 - 49.0 at 20 C
Thasil Conductivityl (W m71 k-17 0.159

Young's Modulus. [MPal=[N mm~2] 600 at 25 c and 50% RH
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AEBNPnaIRs 13 (Pyrrole)

Pyrrole. Azole; imidole; divinylenimine. C4HgN ; mol wt 67.09.
C 71.60% , H 7.51% , N 20.89% . A constituent of coal tar and bone
oil: Runge, Ann. Phys. 31, 67 (1834). Prepd industrially by fractional
distillation of bone oil, or by the thermal decompn of ammonium mucate
with glycerol or mineral oil: McEKlvain, Bolliger, Org. Syn. coll.
vol.I(2nd ed., 1941) p 473; Blicke, Powers, Ind. Eng. Chem. 19, 1334
(1927). Also formed on heating of albumin; on heating sheep’s wool
with aq barium hydroxide soln; by pyrolysis of gelatin. Alternate
prepn from acetaldehyde and ammonia; Tschitchibabin, Chem. Zentr. 1916,
I, 920; from succindialdehyde with ammonia and acetic acid: Harries,
Ber. 34,1490(1901); 35, 1183(1902); distilling succinimide with zinc
or sodium: Bell, Bernthsen, Ber. 13, 877, 1049(1180). Review: Fischer-
Orth, Die Chemie des Pyrroles(Leip, 1934-1940); E. Vittort, L. R.
Anderson in Kirt-Othmer Ehcyclqpe&fa of Chemical Technology vol. 19
(Wiley-Interscience, New York, 3rd ed., 1982) pp 499-520.

Liquid. Agreeable empyreumatic odor
resembling that of chloroform. Colorless when H
freshly distilled, darkens unless every trace of
oxygen is removed. d 0.9691; bp7gy 130-131 C; l l
best distilled im vacuo. n 1.5085. Flash pt,
closed cup: 102 F (390 C). Absorpion spectrum: Menczel, Fhys.
Chem.125, 161; Chem. Zentr. 1927, 1,2510. Sparingly sol in water;
freely sol in alcohol, benzene, ether; insol in aq alkalies. Sol in

dil acids with decompn. Solns in dil HCL yield pyrrole red, an amor-
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phous, orange-colored substace; also polymerization takes place under

the influence og acids ang glycols.

Pyrrole a five-membered, heterocyclic system, is a fundamental
structural subunit of many of the most important biological molecules, eg, heme,
chlorophyll, the bile pigments, certain amino acids, many alkaloids, and some enzymes.
Early interest in the chemistry of pyrrole began with the discovery of indole (benzo-
pyrrole) as the fundamental nucleus of indigo. Pyrrole was first obtained in 1834 from
the destructive distillation of coal, bone, or proteins . - It was characterized in 1858,
and its composition was determined in 1870 Ring positions in pyrrole are des-
ignated by number or Greek letter.

Physical Properties of Pyrrole

Pyrrole is a colorless, slightly hygroscopic liquid and, if fresh, it emits an odor
like that of chloroform. However, it darkens on exposure to air and eventually produces
a dark brown resin. It can be preserved by excluding air from the storage container,
preferably by displacement with ammonia to prevent acid-catalyzed polymerization.
Some physical properties of pyrrole are listed in Table 1.

Pyrrole has a planar, pentagonal (Cs,) structure and is aromatic in its reactions
since it has an aromatic sextet of electrons. It is isoelectronic with the cyclopentadienyl

4 or B aA 3or B
5 or o 2. or a
H
-
pyrrole
Table 1. Phy§ical Properties of Pyrrole --
Property Value
melting point, °C -18.5
boiling point, °C - 130
critical temperature, °C 366
density, d%, g/cm? 0.9698
refractive index, n® 1.5085
dielectric constant (at 20°C), € 8.00
flash point (closed-cup), °C 39

anion. The m-electrons are delocalized throughout the ring system; thus, pyrrole is
best characterized as a resonance hybrid with contributing structures (1)—(5). These
structures explain its lack of basicity, which is less than pyridine, its unexpectedly

high acidity, and its pronounced aromatic character.

g B s P s S oy O
H H H H . |

o)) ) (3) @ (5)
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The resonance energy is ca 100 kJ/mol (24 kcal/mol) or about two-thirds that of ben-
zene,  Its resonance energy is intermediate between those of furan and thiophene;
thiophene has the highest value. :

The contributions from the canonical forms have been calculated, and the con-
tributions from the equivalent polar structures (2) and (3) dominate those of (4) and
(5). Thus, electrophilic substitution is predicted to occur in the a-position, and
this is proven experimentally in most cases. Nitrosation and selenocyanation occur
at the B-position.

Many of the physical characteristics of pyrrole indicate at least partial association.
In particular, the boiling point is 98°C higher than that of furan. It has been postulated
that various associated dimeric and higher structures occur as results of hydrogen
bonding.

Pyrrole is freely soluble in alcohol, benzene, and diethyl ether, but is only sparingly
soluble in water and in aqueous alkalies. It dissolves with decomposition in dilute acids.
Pyrroles with substituents in the f-position are usually less soluble in polar solvents
than the corresponding a-substituted pyrroles. Pyrroles that have no substituent on
nitrogen readily lose a proton to form the resonance-stabilized pyrrolyl anion, and
alkali metals react with pyrrole in liquid ammonia to form metal salts. However, pyrrole
(pK, = ca 17.5) is a weaker acid than methanol. . The acidity of the pyrrole hy-
drogen is greatly increased by electron-withdrawing groups, eg, the pK, of 2,5-dini-
tropyrrole ; ?

Thé dipole moment varies according to the solvent; it is ca 5.14 X 1073 C-m (ca
1.54 D) in pure pyrrole and ca 6.0 X 10730 C-m (ca 1.8 D) in a nonpolar solvent such
as benzene or cyclohexane. . Insolvents to which it can hydrogen bond, the
dipole moment may be much higher. The dipole is directed toward the ring from a
positive nitrogen atom, whereas the saturated nonaromatic analogue pyrrolidine.

. has a dipole moment of 5.24 X 10~30 C-m (1.57 D) and is oppositely directed.

Pyrrole and its alkyl derivatives are w-electron rich and form colored charge-transfer

complexes with acceptor molecules, eg, iodine, tetracyanoethylene, etc

.Polypyrroles. Highly stable, flexible films of polypyrrole are obtained by elec-
trolytic oxidation of the appropriate pyrrole monomers ~ The films are not affected
by air and can be heated to 250°C with little effect. It is believed that the pyrrole units
remain intact and that linking is by the a-carbons. Copolymerization of pyrrole with
N-methylpyrrole yields compositions of varying electrical conductivity, depending
upon the monomer ratio. Conductivities as high as 104/(Q-m) - !

(KIRK —OTHMER y 1982)
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