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In den vorhergehenden Mitteilungen [1, 2] wurden die C—H und C—C
Bindungsparameter der quantenchemischen Del Re Methode aufgrund der
prinzipiellen Ladungsverteilung des Methans ermittelt. In der gegenwirtigen
Arbeit wird zur Priifung der Anwendbarkeit der Parameter die Berechnung der
Ladungsverteilung einer groBen Zahl von Alkanmolekiilen durchgefiihrt, und
die Korrelation zwischen den berechneten qc-Werten und den NMR 13C-
Signalen untersucht [3]. Wie in der vorhergehenden Mitteilung [2] gezeigt
‘wurde, hat eine wesentliche Anderung des scc-Resonanzparameters keinen
wesentlichen EinfluB auf die Ergebnisse der Modellverbindungen. Bei den
Rechnungen an zahlreichen Alkanmolekiilen zeigte sich aber, daB fiir die
Ladungsverteilung einiger symmetrischer Molekiile nur in jenem Falle der
NMR-Tendenz entsprechenden Ergebnisse erhalten werden konnen, wenn
mit kleinerem Wert als 1,00, in diesem Falle mit ecc = 0,75 Wert gerechnet
wird. .
Die Parameter der Rechnungen sind in Tab. I zusammengestellt. Jede
Rechnung wurde mit ecc = 1,00 und auch mit ecc = 0,75 Wert durchfiihrt.

Tabelle 1

Die Bindungsparameter der Del Re-schen Rechnungen

YHICI Yor|) Yorel 33 L5 &cH eco
0,85 0,15 0,165 0 0,08 1,00 1,00
0,85 0,15 0,155 0 0,08 1,00 0,75

Die Korrelation zwischen den berechneten gc-Werten und den NMR
13C-Signalen sind in Abb. 1 und Abb. 2 dargestellt. Fiir die bessere Auswertung
der Ergebnisse wurde die Gleichung der regressierten Geraden bestimmt und



174 J. NAGY und M. T. VANDORFFY

3¢ *ppm
604

501

404

304

204

104

T

-00350 -00300 -00250 ar

Abb. 1. Korrelation zwischen den berechneten q¢ und experimentellen 3C NMR-Werten.
Parametersystem ecc = 1,00

die zu den experimentellen NMR-Signalen gehorenden regressierten qc-La-
dungen berechnet.

150 _ 145,59
regr . — Wenn & = 1300 B
d 3823.5 CC
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Durch Vergleich der regressierten und berechneten qc-Ladungen ist es mog-
lich, die Ergebnisse auszuwerten.

Die Rechnungsergebnisse von 59 Alkanmolekiilen, mit den ecc = 1,00
und ¢ec == 0,75 Parametersystemen, wurden in Tabelle 11 und Tabelle III
zusammengestellt. Die Tabellen enthalten die Verbindungen, die Bezeichnung
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der Molekiile und Atome, die experimentellen 3C-Signale, die berechneten
qc-Werte, die regressierten qc-Werte und die Differenz zwischen den beiden
qc-Werten.
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Abb. 2. Korrelation zwischen den berechneten qc und experimentellen *C NMR-Werten
Parametersystem ecc = 0,75
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Tabelle 11

Die berechnete Ladungsverteilung der Alkane bei ecc = 1,00

4
Verbindung Cx 3¢ qgi" qéexg‘ ( qeegr _ qger)
23 x

C, | 13,5 | —0,0358 | —0,0345 | 0,0013
.| ¢,—C—C—C—C C | 22,2 |—0,0323 | —0,0323 | 0,0000
C, | 34,1 |—0,0304 | —0,0292 | 0,0012

C, 21,9 | —0,0337 | —0,0323 0,0014

. (l: C, | 29,9 | —0,0322 | —0,0303 | 10,0019
| €= C—C—C, C, | 3L6 | —0,0309 | —0,0298 | 0,0011
C, | 11,5 | —0,0354 | —0,0351 | 0,0003
C
l C, | 31,6 | —0,0324 | —0,0298 | 10,0026
3.| C;—Co—C * ](—:—)
[ C. | 28,0 | —0,0354 | —0,0308 | 0,0046
C

C, 13,7 { —0,0358 | —0,0345 0,0013
4.| €;—Cy—C3—C—C—C C, 22,7 | —0,0322 | —0,0321 0,0001
C, 31,7 | —0,0298 | —0,0298 0,0000

C, 22,7 | —0,0335 | —0,0321 0,0014
C, 27,9 | —0,0317 | —0,0308 0,0009

si | C, | 41,9 |—0,0285 | —0,0271 | 0,0014
C— G €= G c, | 20,8 |—0,0319 | —0,0326 | —0,0007
C, | 143 |—0,0357 | —0,0343 | 0,0014
C, | 11,4 |—0,0353 | —0,0351 | 0,0002
6. G C, | 294 | —0,0306 | —0,0304 | 0,0002 ](_)
€ Co G C—C C, | 368 | —0,0307 | —0,0285 | 0,0022
C, | 187 | —0,0330 | —0,0332 | —0,0002
.| ¢ C, | 287 |—00319 | —0,0306 | 0,0013
I C, | 30,3 |—0,0336 | —0,0302 | 0,0034
C‘“(fz“c““g C, | 36,5 |—0,0294 | —0,0285 | 0,0009 ](—)
c ¢, | 85|—0,0850 | —0,0359 | —0,0009

. c, | 19,2 |—0,0332 | —0,0331 | 0,0001
' (31}02_0{(; C. | 34,0 | —0,0306 | —0,0292 | 10,0014
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[Fortsetzung der Tab. II. — (2)]

Verbindung Cx

4
130, ber TeRr g
acx N G

C, | 13,7 | —0,0358 | —0,0345 | 10,0013
C, | 22,6 | —0,0322 | —0,0322 | 0,0000
9. ¢;—C,—Cy—C,—C—C—C ;

C, | 32,0 | —0,0297 | —0,0297 | —0,0000 ]( )

C, 29,0 | —0,0293 | —0,0305 | —0,0012

G, 22.4 | —0,0335 | —0,0322 0,0013
G, 28,1 | —0.,0316 | —0,0307 0,0009

0 ‘f C, | 389 | —0,0279 | —0,0279 | —0,0000
€y Gy Gy €y €y C, C, | 29,7 | —0,0294 | —0,0303 | —0,0009
C, | 23,0 |—0,0321 | —0,0321 | 0,0000
C, | 13,6 | —0,0358 | —0,0345 | 0,0013
c, | 10,9-|—0,0353 | —0,0352 | 10,0001
C. | 29.5 | —0,0303 | —0,0304 | —0,0001
c, c, | 343 |—0,0296 | —0,0201 | 0,0005
11. | C, | 39,0 |—0,0280 | —0,0279 | 0,0001
€ C—C—C— GG, C, | 20.2 | —0,0318 | —0,0328 | —0,0010
C, | 13.9 | —0,0357 | —0,0344 | 0,0013
C, | 18,8 | —0,0330 | —0,0332 | —0,0002
|
20,0 | —0,0331 | —0,0328 | 0,0003
C‘{ 17,7 | —0,0331 | —0,0334 | —0,0003
Cl\ (136 C, | 31,9 | —0,0301 | —0,0207 | 0,0004
12.]  C—C—C—C, ¢, | 40,6 | —0,0285 | —0,0275 | 0,0010

C, 26,8 | —0,030L | —0,0311 | —0,0010
11,6 | —0,0352 | —0,0350 0,0002
Ce 14,5 | —0,0326 | —0,0343 { —0,0017

N y C, | 22,7(—0,0334 | —0,0321 | 10,0013
13. C,—C;—C C. | 257 |-0,0313 | —0,0314 | —0,0001
C, | 49.0 | —0,0266 | —0,0253 | 10,0013

C, | 29,5 | —0,0317 | —0,0304 | 0,0013
C. | 30,6 | —0,0332 | —0,0301 | 10,0031 ](“)
C, | 47,3 | —0,0270 | —0,0257 | 10,0013
C, | 18,1 | —0,0315 | —0,0333 | —0,0018
15,1 | —0,0356 | —0,0341 | 0,0015

o
|

14.| €—C—C;—C,—C
|
o
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[Fortsetzung der Tab. II. — (3)]

- . A
C, C, | 7,7 —0,0349 | —0,0361 | —0,0012 ](|)
.
1s. Cr—Cq——]Ca-—C——C C. | 33,4 |—0,0289 | —0,0293 | —0,0004
T C, | 32,3 | —0,0318 | —0,0296 | 0,0022 ]( )
¢ C, | 25.6 | —0,0313 | —0,0314 | —0,0001
c C C, | 27,0 | —0,0314 | —0,0310 | 10,0004 1o
| —0.0322 | — 5 J -
16.| €t b, C, | 32,7 | —0,0322 | —0,0295 | 0,0027
| C, | 379 | —0,0292 | —0,0282 | 10,0010
¢ C, | 17,7 | —0,0328 | —0,0334 | —0,0006
C—Gy ¢, | 10,5 |—0,0352 | —0,0353 | —0,0001
17. C—C—C C, | 252 |—0,0299 | —0,0315 | —0,0016
2,4 | — —0,02
¢ C, | 42,4 | —0,0281 | —0,0270 | 0,0011
C, | 13,6 | —0,0358 | —0,0345 | 0,0013
18, | € €y Gy € G e G C, | 22,7|—0,0322 | —0,0321 | 0,0001
C, | 32,1 |—0,0297 —0,0207 | 0,0000 -
C, | 294 | —0,0291 | —0,0304 | —0,0013 ]
C, | 22,4 [—0,0335 | —0,0322 | 0,0013
C, | 28,1 |—0,0315 | —0,0307 | 0,0008
c C, | 39,3 |—0,0278 | —0,0278 | 0,0000
19. | C, | 27,2 |—0,0288 | —0,0310 —0,0022] )
GGG GGG G ¢, | 32,4 | —0,0296 | —0,0206 | —0,0000 | ¢
Cs | 22,8 {—0,0321 | —0,0321 | —0,0000
C, | 13,8 |—0,0358 | —0,0345 | 0,0013
C, | 11,3 |—0,0353 | —0,0351 | 0,0002
C, | 29,7 |-0,0303 | —0,0303 | —0,0000
C, | 34,7 |—0,0295 | —0,0290 | 0,0005
20| (Ila C, | 36,5 |—0,0274 | —0,0285 | —0,0011
| €= €y Gy C— C— C,— €, C, | 29,7 | —0,0293 | —0,0303 | —0,0010
C, | 23,3 |—0,0321 | —0,0320 | 0,0001
C, | 14,1 |—0,0358 | —0,0344 | 10,0014
C, | 19,3 | —0,0329 | —0,0330 | —0,0001
C, | 14,1 | —0,0357 | —0,0344 | 0,0013
a1 c. C, | 20,2 |—0,0317 | —0,0328 | —0,0011
’ 1 C, | 39,5 |-0,0279 | —0,0277 | 0,0002
€= €= €= €= C=C-C C, | 32,3 | —0,0201 | —0,0296 ; —0,0005
C, | 19,3 | —0,0328 | —0,0330 | —0,0002
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[Fortsetzung der Tab. II. — (4)]
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a
Verbindung Cx 13¢ o e (q&gr_ q‘éi’)
| c. |I17.8 [ —0,0331 1 —0,0334 | —0,0003
' 1 20,0 | —0,0331 | —0,0328 | 0,0003
C, | 32,8 |—0,0300 | —0,0295 | 0,0005
22, ¢ G C, | 385 | —0,0280 | —0,0280 | —0,0000
Cr—é-.-——('la—-CrCa-Cs C, | 36,7 |—0,0276 | —0,0285 | —0,0009 ](—)
€ | 207 | —0,0317 | —0,0327 | —0,0010
Co | 14,0 | —0,0356 . —0,0344 | 0,0012
C, | 151 | —0,0325 | —0,0341 | —0,0016
c. || 222 |—0.0834 | —0.0323 | 00011
1 23,2 | —0,0334 | —0,0320 | 0,0014
C, | 254 | —0,0312 | —0,0314 | —0,0002
23. c G, C, | 46,6 | —0,0261 | —0,0259 | 0,0002
Cl"’éz—'ca—(l:4“'cs—“cs C, | 32,1 |—0,0292 | —0,0297 | —0,0005
Cs | 29,9 | —0,0302 | —0,0303 | —0,0001
C, | 11,0 | —0,0352 | —0,0352 | —0,0000
C, | 19,0 | —0,0328 | —0,0331 | —0,0003
C c C, | 22,4 |—0,0335 | —0,0322 | 0,0013
24. 1 | C. | 28,4 |—0,0315 | —0,0306 | 0,0009
C— €= € C—C—C C, | 369 | —0,0275 | —0,0284 | —0,0009
. | 11,8 | —0,0352 | —0,0350 | 0,0002
25,8 | —0,0299 | —0,0313 | —0,0014
¢ C C: 27,6 | —0,0299 | —0,0309 : —0,0010
25 P 38,5 | —0,0281 | —0,0280 | 0,0001
C—C— G C-C-C 1| 39,5 | —0.0281 | —0,0277 | 00004
13,8 | —0,0325 | —0,0345 | —0,0020
& 15,8 | —0,0325 | —0,0339 | —0,0014
C, | 29,2 |—0,0317 | —0,0304 | 0,0013
C C. | 30,1 |—0,0331 | —0,0302 | 0,0029 ](—)
26. Cl—tl?rCrCr 6, C; | 44,1 | —0,0264 | —0,0265 | —0,0001
, C, | 27,0 | —0,0290 | —0,0310 | —0,0020
¢ C, | 23,7 | —0.0320 | —0,0319 | 0,0001
C, | 13,9 | —0,0357 | —0,0344 | 0,0013
C, | 81][—0,0348 | —0,0360 | —0,0012
C, | 343 [—0,0288 | —0,0201 | —0,0003 17
(]37 C, | 32.8 | —0.0314 | —0,0295 | 0,0019 ] +)
27, C—Cp—Cy— G, — C—C, C, | 44,3 | —0,0265 | —0,0265 | 0,0000
(’3 C, | 17,3 | —0,0314 | —0,0336 | —0,0022 )
C, | 14,8 | —0,0356 | —0,0342 | 10,0014
C, | 26,5 |—0,0312 | —0,0311 | 10,0001




180 J. NAGY und M. T. VANDORFFY
[Fortsetzung der Tab. II. — (5)]
a
Verbindung Cx =0 qgexr Pl (fl‘af’ﬂi‘éi’)
c { 21,4 | —0,0330 | —0,0325 | 0,0005
c o oc ]l 18,1 | —0,0330 | —0,0333 | —0,0003
28. [ C. | 29,8 | —0,0298 : —0,0303 | —0,0005
6= C—C-C—C C, | 45,3 | —0,0269 | —0,0262 | 0,0007
Cy | 104 | —0,0322 | —0,0354 | —0,0032
C, | 271 | —0,0313 | —0,0310 | 0,0003
c c C, | 33,0 | —0,0318 | —0,0294 | 0,0024 ](—)
2. Cl—ég—ég— G-, C, | 45,4 |—0,0272 | —0,0262 | 10,0010
| C, | 24,4 |—0,0297 | —0,0317 | —0,0020
¢ C, | 13,0 | —0,0351 | —0,0347 | 0,0004
Ce | 13,3 |—0,0323 | —0,0346 | —0,0023
¢, | 17,1 | —0,0327 | —0,0336 | —0,0009
¢ c C, | 351 |—0,0289 | —0,0289 o,oooo] )
30, Cl—(‘?n—(ils— CC, C, | 34,9 | —0,0305 | —0,0289 0,0016]
) 3 C, | 32,6 | —0,0286 | —0,0296 | —0,0010 |} | (=)
G o 7,9 | —0,0348 | —0,0360 | —0,0012 | | (+)
C, | 23,3 | —0,0309 | —0,0320 | —0,0011
C, | 29,9  —0,0316 | —0,0303 | 0,0013 i
? ff C, | 30,9 —0,0328 | —0,0300 | 0,0028 ](")
31.| C,—C,—C;—C,—C, C, | 53,3 —0,0251 | —0,0241 | 0,0010
& C, | 253 | —0,0310 | —0,0315 | —0,0005
C, | 24,7 —0,0333 | —0,0316 | 0,0017
C C
N S C, | 25,6 | —0,0311 | —0,0314 | —0,0003
32. CI—CE“C‘\‘\C C, | 35,0 | —0,0311 | —0,0280 | 0,0022 ](“)
o C
¢, | 10,6 | —0,0351 | —0,0353 | —0,0002
C. | 256 |—0,0298 | —0,0314 | —0,0016
C—-C C, | 40,6 | —0.0276 | —0,0275 | 0,0001
33. N\ _ ](*)
€;— Cy—Cy— Cy— Cy— C, C, | 354 |—0,0275 | —0,0288 | —0,0013
C; | 20,0 | —0,0316 | —0,0328 | —0,0012
C; | 14,1 |—0,0356 | —0,0344 | 0,0012
C, | 19,0 | —0,0330 | —0,0331 | —0,0001
c c_c C, ' 29,1 |{—0,0297 | —0,0305 | —0,0008
34. 4 C, | 47,6 | —0,0265 | —0,0256 | 10,0009
C—C—C— GGy C, | 22,6 | —0,0296 | —0,0322 | —0,0026
C; | 11,8 | —0,0351 | —0,0350 | 0,0001
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[Fortsetzung der Tab. II. — (6)]

4

TeRT ber

dex —des )

Verbindung Cx 3C qg;r qgafr (

C, 7,5 | —0,0348 | —0,0361 | —0,0013

C~C\(|I4 C, | 30,6 | —0,0285 | —0,0301 | —0,0016 1)
€ O G €y C, C, | 34,8 |—0,0301 | —0,0200 | 0,0011
¢, | 23.2 | —0.0308 | —0.0320 | —0,0012 ] P

C, | 13,8 | —0,0358 | —0,0345 | 0,0013
C, | 22,7 | —0,0321 | —0,0321 | —0,0000
€,—C,—C;—C—C,—C—C—C—C | C, | 32,0 | —0,0297 | —0,0297 | —0,0000 ](—)

C, | 294 | —0,0201 | —0,0304 | —0,0013
C, | 29,6 | —0,0290 | —0,0303 | —0,0013

C, | 22,3|—0,0335 | —0,0322 | 0,0013
C. 28,0 {—0,0315 | —0,0308 | 0,0007
C, 39,2 | —0,0278 | —0,0278 | —0,0000

C C, | 27.4 | —0,0287 | —0,0309 | —0,0022
Cl—é:—Cs-C4—Cs~Ca—C7—Cs ¢, | 29,7 | —0,0290 | —0,0303 | —0,0013
C; | 32,0 | —0,0297 | —0,0297 | —0,0000 ](—)
C, | 22,7 ]—0,0321 | —0,0321 | —0,0000
C, 13,6 | —0,0358 | —0,0345 | 10,0013

C, | 110 |—0,0353 | —0,0352 | 0,0001
C. | 29,7 | —0,0303 | —0,0303 | —0,0000
C, | 34,6 | —0,0295 | —0,0200 | 0,0005
C, | 36,7 | —0,0273 | —0,0285 | —0,0012
C, | 26,9 | —0,0287 | —0,0310 | —0,0023

Cr GG CCG—C—C—GC | ¢ | 32,4 | —0,0296 | —0,0296 | —0,0000 ](—)
C, | 227 —0,0321 | —0,0321 | —0,0000
C, | 13,8 | —0,0358 | —0,0345 | 0,0013
C, | 19,0 | —0,0329 | —0,0331 | —0,0002

C; 14,0 | —0,0357 | —0,0344 0,0013
C, 19,4 | —0,0317 | —0,0330 | —0,0013
C,; 39,6 | —0,0278 | —0,0277 0,0001
C, 32,6 | —0,0290 | —0,0296 | —0,0006
G 36,8 | —0,0273 | —0,0285 | —0,0012
29,3 | —0,0293 | —0,0304 | —0,0011
23,0 | —0,0320 | —0,0321 | —0,0001
13,7 | —0,0358 | —0,0345 0,0013
20,2 | —0,0328 | —0,0328 0,0000

€— €y Cy— €y Cy— Cy— C,— G

QOO
I R

oo

v}
™)
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[Fortsetzung der Tab. II. — (7)]

4
Verbindung Cx #e qg';" ansr (qregr qbar)
Cx T Sex

20,1 | —0,0331 | —0,0328 0,0003
{ 17,9 | —0,0331 | —0,0334 | —0,0003
C 32,2 | —0,0300 | —0,0297 0,0003
(0% 38,8 | —0,0279 | —0,0279 | —0,0000

c c
40. I c, | 34,0 | —0,0270 | —0,0292 | —0,0022
GG GGG G G, C, | 30,0 | —0,0202 | —0,0302 | —0,0010
C, | 231 |—0,0320 | —0,0320 | —0,0000
C, | 13,8 | —0,0358 | —0,0345 | 0,0013
C, | 15,2 | —0,0325 | —0,0341 | —0,0016
o || 221 [—00334 [ 00328 | 00011
U]l 23,1 | —0,0334 | —0,0320 | 0,0014
C, | 25,3 | —0,0312 | —0,0315 | —0,0003
c ., C, | 47,0 | —0,0260 | —0,0258 | 0,0002
41. 1 ; C, | 30,2 | —0,0287 | —0,0302 | —0,0015
C—C— G~ G G- G G, C, | 39,9 | —0,0278 | —0,0276 | 0,0002
C, | 19,9 | —0,0317 | —0,0329 ' —0,0012
C, | 14,0 |—0,0357 | —0.0324 | 0,0013
¢, | 19,4 | —0,0327 | —0,0330 | —0,0003
c { 22,3 | —0,0335 | —0,0322 | 0,0013
b o22,5 1 —0,0335 | —0,0322 | 0,0013
C, | 284 | —0,0315 | —0,0306 | 0,0009
c e, C, | 36,5 —0,0274 | —0,0285 | —0,0011
42. | | C, | 344 |—0,0270 | —0,0291 | —0,0021
€= G GGG~ GGy C, | 34,8 |—0,0294 | —0,0920 | 10,0004
C, | 29,5 | —0,0303 | —0,0304 | —0,0001
c, | 11,0 | —0,0353 | —0,0352 | 0,0001
C, | 19,0 | —0,0329 | —0,0331 | —0,0002
T C, | 22.4 | —0,0335 | —0,0322 | 0,0013
1, (!3 <23 C, | 281 —0,0315 | —0,0307 | 0.0008
€y Gy G G— C—C C, | 39,5 | —0,0277 | —0,0277 | —0.0000
C, | 25.2 | —0,0284 | —0,0315 | —0,0031
C, | 119 | 00352 | —0,0350 | 0,0002

25,8 | —0,0299 | —0,0313 | —0,0014
c G 97.6 | —0,0299 | —0,0309 | —0,0010
44, ot : { 38,9 | —0,0280 | —0,0279 | 0,0001
C—C—C—C—C;—C— G, 39,8 | —0,0280 | —0,0277 | 10,0003
c { 36,3 | —0,0276 | —0,0286 | —0,0010

4

@]
15
U

37,2 | —0,0276 | —0,0283 | —0,0007
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[Fortsetzung der Tab. II. — (8)]

183

Verbindung Cx G Qe regr (q&gri qge;)
35,5 | —0,0275 | —0,0288 | —0,0013
G 37,5 | —0,0275 | —0,0283 | —0,0008
C, | 20,8 |—0,0316 | —0,0326 | —0,0010
“ (lls <|39 C, | 14,2 | —0,0356 | —0,0344 | 0,0012
€, —Cy— C3—C,—C5—Cs—Cs c | 13,9 | —0,0325 | —0,0344 | —0,0019
® || 15.8 | —0,0825 | —0,0339 | —0,0014
c 16,3 | —0,0324 | —0,0338 | —0,0014
s || 14,2 | —0,0324 | —0,0344 | —0,0020
c || 10,9 | —0,0352 | —0,0352 | —0,0000
Y 111 | —0,0352 | —0,0352 | 0,0000
C,{ 29,5 | —0,0302 | —0,0304 | —0,0002
i, * 11 30,5 | —0,0302 | —0,0301 | 10,0001
G, C 31,9 | —0,0291 | —0,0297 | —0,0006
CJ,—Cz“‘Ca‘“C;""(]:'—C-C Ca{ 32,0 | —0,0291 | —0,0297 | —0,0006
c { 44,3 | —0,0256 | —0,0265 | —0,0009
1l 44,5 | —0,0256 | —0,0264 | —0,0008
c { 18,9 | —0,0328 | —0,0331 | —0,0003
* 1l 19,6 | —0,0328 | —0,0330 | —0,0002
C, | 29,2 | —0,0317 | —0,0304 | 10,0013
C, | 30,2 | —0,0331 | —0,0302 | 0,0029 ](—)
(]3 C, | 44,4 | —0,0263 | —0,0265 | —0,0002
46.| Cy—Cy— Cy— Cy—C4—C4—C, C, | 24,4 |-0,0285 | —0,0317 | —0,0032
(‘: C, | 33,0 |—0,0295 | —0,0294 | 0,0001 ](—)
C, | 22,8 | —0,0321 | —0,0321 | —0,0000
C, | 13,8 |—0,0358 | —0,0345 | 10,0013
C, 8,0 | —0,0349 | —0,0360 | —0,0011
C. | 34,2 | —0,0288 | —0,0291 | —0,0003 |] +)
Cs C, | 32,5 |—0,0313 | —0,0296 | 0,0017 |
. cl—crclza—cr G, C, | 41,3 | —0,0259 | —0,0273 | —0,0014
o s C, | 26,4 |—0,0289 | —0,0312 | —0,0023
C G | 23,7 | —0,0320 | —0,0319 | 10,0001 |{(~)
C, | 13,7 | —0,0357 | —0,0345 | 0,0012
C, | 26,4 |—0,0312 | —0,0312 | 10,0000 ||
C, | 14,9 [—0,0357 | —0,0342 | 0,0015
G, C, | 17,3 | —0,0314 | —0,0336 | —0,0022
48. CI—CZ—-Cs-—(IJ_,—C—C—C G, 44,8 | —0,0264 | —0,0264 0,0000
(!: C, | 32,8 |—0,0310 | —0,0205 | 0,0015 }(4—-)
G, | 27,0 | —0,0311 | —0,0310 | 0,0001
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[Fortsetzung der Tab. II. — (9)]

Verbindung Cx | »C o TG (qaef'iq‘éi’)
c |l 178 10,0330 | —0,0334 | —0.0004
] 20,0 | —0,0330 | —0,0328 | 0,0002
C. | 32,4 |—0,0299 | —0,0296 | 0,0003
c C C, | 36.2 | —0,0276 | —0,0286 | —0,0010
49, [ | Cy | 43,9 | —0,0257 | —0,0266 | —0,0009
GGG GGG C; | 25,7 {—0,0311 | —0,0314 = —0,0003
c |l 219 | —0.0334 | —0,0323 00011
® 1l 23,5 | —0,0334 | —0,0319 = 0,0015
C, | 15,3 |—0,0324 | —0,0341 | —0,0017 ](_)
C, | 29,9 |—0,0316 | —0,0303 | 0,0013 |}
C. | 31,0 |—0,0328 | —0,0300 | 10,0028 ](_)
? (f’ C; | 51,0 [ —0,0246 | —0,0247 | —0,0001
50, CG—Ci—C—C—C—C, C, | 31,9 | —0,0289 | —0,0297 | —0,0008
('3 C; | 31,0 | —0,0302 | —0,0300 | 0,0002
Co | 11,2 | —0,0352 | —0,0351 | 0,0001
C, | 21,9 | —0,0328 | —0,0323 | 10,0005
C, | 29,3 {—0,0317 | —0,030¢ | 0,0013
C C C, | 30,1 |—0,0330 | —0,0302 | 0,0028 ](_)
51 c_([: c -c—é.-c C, 42,0 | —0,0259 | —0,0271 | —0,0012
Ty oo C, | 33,9 |—0,0271 | —0.,0292 | —0,0021
C C; | 28,9 | —0,0314 | —0,0305 | 10,0009
Ce | 22,5 |—0,0335 | —0,0322 | 10,0013
¢, | 17,1 | —0,0327 [ —0,0336 | —0,0000
C. | 35,0 | —0,0288 | —0,0289 | —0,0001
_ ¢ ‘]:7 C; | 35,5 | —0,0301 | —0,0288 | 0,0013 |’ =)
59.| C;—Cy— Cy—C,—C—C, C, | 43,1 | —0,0262 | —0,0268 | —0,0006 |]
(]3 Cs | 17,0 | —0,0313 | —0,0336 | —0,0023 |]
Ce | 14,8 | —0,0356 | —0,0342 | 10,0014 | |(+)
C, | 23,8 | —0,0308 | —0,0319 | —0,0011 |]
C, | 28,2 |—0,0312 | —0,0307 | 10,0005 ]
C, | 34,0 | —0,0316 | —0,0292 | 0,0024 _(_')
¢ G C C, | 47,9 [ —0,0256 | —0,0255 | 0,0001
53. Cl—ég-(lls—(‘l;——Cs C, | 27.4 | —0,0295 | —0,0309 | —0,0014
(l: Cs | 17,3 | —0,0329 | —0,0336 | —0,0007
c || 245 | —0.0329 | —0,0317 | 0,0012 ](_)
* |}l 11,6 | —0,0318 | —0,0350 | —0,0032
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[Fortsetzung der Tab. IT. — (10)]
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4
Verbindung Cx 3¢ ql'éexr q1'cexgx- <q6€fr— qg;r)
cC ¢ C ¢, ! 17,2 1 —0,0327 | —0,0336 | —0,0009
[l C. | 37,1 1—0,0286 | —0,0284 | 10,0002
54.| C;—Cy—Cy—C—C 2
| C, | 33,6 | —0,0291 | —0,0293 | —0,0002 | “+)
C C, | 18,9 | —0,0305 | —0,0331 | —0,0026 |l
C, | 25,6 | —0,0310 | —0,0314 | —0,0004 |7 )
c c C, | 36,0 |—0,0308 | —0,0287 | 0,0021 |]
I C, | 373 | —0,0204 | —0,0283 | 0,0011 I
55.| C—Co—C—C—Cs Pl ' ‘ -)
e C, | 28,8 {—0,0283 | —0,0305 | —0,0022 |
¢ C C, 9,0 | —0,0347 | —0,0357 | —0,0010 | | ()
Cs | 20,6 | —0,0306 | —0,0327 | —0,0021
C, | 10,6 | —0,0351 | —0,0353 | —0,0002
C. | 25,6 | —0,0298 | —0,0314 | —0,0016
C—C C, | 40,7 {—0,0275 | —0,0274 | 0,0001 ] )
56. AN C, | 32,7|—0,0269 | —0,0205 | —0,0026 |
GGG GG G- G, C, | 29,2 | —0,0202 | —0,0304 | —0,0012
Gy | 23,1 | —0,0320 | —0,0320 | —0,0000
C, | 13,7 { —0,0358 | —0,0345 | 0,0013
c || 190 | —0,0829 | —0,0351 —0,0002
C C—C, ]| 20,0 | —0,0329 | —0,0328 | 0,0001
I C, | 29,0 | —0,0294 | —0,0305 | —0,0011
57.| C;—Cy—Cy—C—C
| C, | 56,8 | —0,0249 | —0,0232 | 10,0017
C c, | 21,1 {—0,0292 | —0,0326 | —0,0034
C, | 14,5 | —0,0350 | —0,0343 | 0,0007
¢ c, | 7.1|—00346 | —0,0362 | —0,0016
58.| C;— C;—Cy—C—C C, | 27,1 | —0,0281 | —0,0310 | —0,0029 ]( )
C—C C, | 37.1 | —0,0284 | —0,0284 | 0,0000 -
¢ ¢ C, | 31,8 | —0,0315 | —0,0298 | 10,0017
1 L) b L) b L} b ](_)
59.| C;—C;—C—C—C G, | 32,4 |—0,0326 | —0,0206 | 0,0030
& ¢ C, | 56,5 |—0,0236 | —0,0233 | 0,0003

48
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Tabelle II1

Die berechnete Ladungsverteilung der Alkane bei ecc = 0,75

a4
Verbindung Cy 1 qger s (‘nggr"qher)

Cx

C, 13,5 | —0,0350 | —0,0336 0,0014

1.| C,—Cp—Cy—C—C C, | 22,2 |—0,0310 | —0,0312 | —0,0002
C, | 34,1 |—0,0290  —0,0279 | 0,0011
G, | 21,9 |—0,0328 | —0,0313 | 0,0015
) (13 G | 299 | —0,0306 | —0,0291 | 0,0015
| €—C—Cy—C, C, | 31,6 | —0,0296 | —0,0286 | 0,0010
C, | 11,5 |—0,0346 | —0,0342 | 0,0004
C
| c 31,6 | —0,0314 | —0,02 0,0028
3.| ¢ —CC : ’ el Ibweg] (5
[ C. | 28,0 | —0,0338 | —0,0296 | 0,0042
C
C, | 13,7 | —0,0349 | —0,0336 | 10,0013
4. ¢—C;—C;—C—C—C C | 22,7 | —0,0309 | —0,0311 | —0,0002
C, | 31,7 | —0,0284 | —0,0286 | —0,0002
¢, | 22,71-0,0326 | —0,0311 | 0,0015
C C. | 27,9 | —0,0301 | —0,0296 | 0,0005
5, | C, | 41,9 | —0,0270 | —0,0257 | 0,0013
€= G G0 G C, | 20,8 |-—0,0306 | —0,0316 | —0,0010
C, | 14,3 | —0,0348 | —0,0334 | 10,0014
G, | 11,4 | —0,0345 | —0,0342 | 10,0003
¢ (’34 G, | 29,4 |—0,0291 | —0,0292 | —0,0001 ](+)
| €,—C,—C—C—C C, | 36,8 |—0,0285 | —0,0272 | 0,0013
C, | 18,7 | —0,0322 | —0,0322 | 0,0000
c C, | 28,7 |—0,0309 | —0,0294 | 10,0015 ]( )
| C. | 30,3 |—0,0319 | —0,0290 | 0,0029
7.| €—C—C,—C, :
| C, | 36,5 | —0,0280 | —0,0272 | 10,0008
c G, 8,5 | —0,0342 | —0,0350 | —0,0008
C G ¢, | 19,2 |—0,0323 | —0,0320 | 0,0003
8.1 N /

C,—C—C-C C, | 34,0 | —0,0289 | —0,0279 | 10,0010
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4

Verbindung Cs 13C qgexr qéexgr (qrczgr _ q‘ée;)

C, | 13,7 |—0,0349 | —0,0336 | 0,0013

C, | 22,6 | —0,0308 | —0,0311 | —0,0003

9.| €,—Cp— C;— G,—C—C—C : :

C, | 32,0 | —0,0283 | —0,0285 | —0,0002 ]( )

C, | 29,0 | —0,0279 | —0,0293 | —0,0014

C, | 224 | —0,0326 | —0,0311 | 0,0015

C. | 28,1 | —0,0300 | —0,0206 | 10,0004

Lo ? C, | 38,9 | —0,0265 | —0,0266 | —0,0001

| €,—C—C— C—C— €, C, | 29,7 | —0,0280 | —0,0291 | —0,0011

C; | 23,0 | —0,0308 | —0,0310 | —0,0002

C, | 13,6 | —0,0340 | —0,0336 | 0,0013

c, | 10,9 | —0,0344 | —0,0343 | 0,0001

C, | 205 | —0,0200 | —0,0292 | —0,0002

c C, | 343 |—0,0280 | —0,0279 | 0,0001

11. N C, | 39,0 | —0,0266 | —0,0265 | 0,0001

GG GGG G C, | 20,2 | —0,0305 | —0,0318 | —0,0013

C, | 13.9 | —0,0348 | —0,0335 | 0,0013

C, | 18,8 | —0,0321 | —0,0321 | —0,0000

o [l 200 | 00822 | —0.0318 | 0,004

N 17,7 | —0,0322 | —0,0325 | —0,0003

¢, ‘]:6 C, | 31,9 | —0,0285 | —0,0285 | —0,0000

12. Cy— Cy— Cy—Cy C, | 40,6 | —0,0268 | —0,0261 | 0,0007

e C, | 26,8 | —0,0287 | —0,0209 | —0,0012

C, | 11,6 | —0,0344 | —0,0341 | 10,0003

C, | 14,5 | —0,0318 | —0,0333 | —0,0015

Cl\ c C, | 22,7 |—0,0325 | —0,0311 | 0,0014

13. Co— Ci—C C, | 25,7 | —0,0208 | —0,0302 | —0,0004

c . C, | 49,0 | —0,0251 | —0,0238 | 10,0013
C, | 29.5 | —0,0308 | —0,0202 | 0,0016 ]( )

(l: C. | 30,6 | —0,0315 | —0,0289 | 0,0026

14.| C,—Cy—C,— €,—C; C, | 47.3 | —0,0255 | —0,0242 | 0,0013

¢ C, | 181 |—0,0302 | —0,0323 | —0,0021

C, | 151 |—0,0348 | —0,0332 | 0,0016
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[Fortsetzung der Tab. IIL. (3)]

4

Verbindung G | mC & o ( o qg;,)
¢, C, | 7.7 |—0,0841 | —0,0352 | —0,0011
5.l cc ke C, | 334 | 00276 | —0,0281 | —0,0005 10
e C, | 32,3 | —0,0301 | —0,0284 | 10,0017 ¢
C C, | 25,6 | —0,0304 | —0,0303 | 0,0001
c c C, | 27,0 | —0,0806 | —0,0299 | 0,0007
I €, | 32,7 |—0,0305 | —0,0283 | 0,0022 ](+)
16.) €~C— GGy C, | 37,9 | —0,0276 | —0,0269 | 0,0007
| s | 319 0. ’ ,
o C, | 17,7 | —0,0820 | —0,0325 | —0,0005
C—GC, C, | 10,5 | —0,0343 | —0,0344 | —0,0001
17. C,—C—C C, | 252 |—0,0286 | —0,0304 | —0,0018
c_ac C, | 42,4 | —0,0264 | —0,0256 | 0,0008
C, | 13,6 | —0,0349 | —0,0336 | 10,0013
I C, | 22,7 | —0,0308 | —0,0311 | —0,0003
A C, | 32,1 |—0,0283 | —0,0285 | —0,0002
C, | 29,4 |—0,0278 | —0,0202 | —0,0014 ](~)
C, | 22,4 |—0,0326 | —0,0311 | 0,0015
C, | 28,1 | —0,0300 | —0,0206 | 0,0004
c C, | 39,3 | —0,0264 | —0,0265 | —0,0001 |
19. [ ¢, | 27,2 | —0,0275 | —0,0298 | —0,0023 J(—)
GGG G G- G G C, | 32,4 | —0,0283 | —0,0284 | —0,0001
Cs | 22,8 | —0,0308 | —0,0310 | —0,0002
C, | 13,8 | —0,0349 | —0,0335 | 10,0014
C, | 11,3 [—0,0344 | —0,0342 | 10,0002
C, | 29,7 | —0,0290 | —0,0291 | —0,0001
C, | 34,7 | —0,0279 | —0,0277 | 0,0002
2. ?3 C, | 36,5 | —0,0260 | —0,0272 | —0,0012
C,—C;—C— C,—C—C—C, Cs 29,7 1 —0,0279 | —0,0291 | —0,0012
: Ce | 23,3 | —0,0308 | —0,0309 | —0,0001
C, | 141 |—0,0349 | —0,0334 | 10,0015
Cs | 19,3 | —0,0321 | —0,0320 | 0,0001
C, | 14,1 | —0,0348 | —0,0334 | 0,0014
N C, | 20,2 | —0,0304 | —0,0318 | —0,0014
21. I C, | 39,5 | —0,0265 | —0,0264 | 0,0001
€—C—C-€—C—C-C C, | 32,3 | —0,0275 | —0,0284 | —0,0009
) C, | 19,3 | —0,0320 | —0,0320 | —0,0000
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189

4
Verbindung Cx 1 g q5F (qéexgr__ qg;r)
o || 178 [ -0,0322 [ —0,0324 [ —0,0002
11l 20,0 | —0,0322 | —0,0318 |  0,0004
C, | 32,8 |—0,0284 | —0,0283 | 0,0001
- ‘f % C, | 38,5 | —0,0263 | —0,0267 | —0,0004 ] ()
Cy— Cy— Cy— Cy— C4—C, C, | 36,7 | —0,0262 | —0,0272 | —0,0010
G, | 20,7 | —0,0304 | —0,0316 | —0,0012
Ce | 14,0 | —0,0348 | —0,0335 | 10,0013
C, | 151 | —0,0316 | —0,0332 | —0,0016
o |l 222 [ —00325 | ~0,0312 | 00013
1l 23,2 | —0,0325 | —0,0309 | 0,0016
C. | 25,4 |—0,0207 | —0,0303 | —0,0006
93, ‘]3 ‘!37 C, | 46,6 | —0,0246 | —0,0244 | 10,0002
C;— Cy— Cy— C—Cs—C, ¢, | 321 |—0,0276 | —0,0285 | —0,0009
C | 29,9 | —0,0289 | —0,0291 | —0,0002
C; | 11,0 | —0,0344 | —0,0343 | 10,0001
C, | 19,0 | —0,0320 | —0,0321 | —0,0001
c C C, | 22,4 [—0,0326 { —0,0311 | 0,0015
24, | | C, | 28,4 |—0,0299 | —0,0295 | 0,0004
C—C— G C-C-C c, | 36,9 | —0,0261 | —0,0271 | —0,0010
¢, | 11,8 |—0,0843 | —0,0341 | 0,0002
o || 258 | —0.0286 | —0,0802 | —0,0016
¢ © * 27,6 | —0,0286 | —0,0297 | —0,0011
25. [ 38,5 | —0,0264 | —0,0267 | —0,0003
€—C—G—C-C-C )l 3055 | —0,0264 | —0,0264 | —0,0000
13,8 | —0,0317 | —0,0335 | —0,0018
G 15,8 | —0,0317 | —0,0330 | —0,0013
C, | 29,2 | —0,0308 | —0,0293 | 10,0015
C C, | 30,1 | —0,0314 | —0,0290 | 0,0024 ](")
2. ¢\ (';0_ Co G GG, C, | 44,1 |—0,0250 | —0,0251 | —0,0001
N ¥ G | 27,0 | —0,0277 | —0,0299 | —0,0022
¢ C, | 23,7 | —0,0307 | —0,0308 | —0,0001
C; | 13,9 | —0,0349 | —0,0335 | 10,0014
C, | 81]-0,0340 | —0,0351 | —0,0011
C, | 343 |—0,0275 | —0,0279 | —0,0004 | |
C; C, | 32,8 | —0,0297 | —0,0283 | 0,0014 ](T)
27. C1‘C:*E3_C4—C5—‘Cs C, | 44,3 | —0,0251 | —0,0251 | 0,0000
(!: C, | 17,3 | —0,0301 | —0,0326 | —0,0025 )
C, | 14,8 | —0,0347 | —0,0333 | 10,0014
C, | 26,5 !—0,0303 | —0,0300 | 0,0003
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[Fortsetzung der Tab. IiL (5)]

Verbindung Cy 1C qgir qéexsr (qz;gri qt(:‘ir)
C, | 21,4 |—0,0321 | —0,0314 | 0,0007
¢ ¢ c [ 18,1 | —0,0321 | —0,0323 | —0,0002
28. o C, | 29,8 [ —0,0282 | —0,0291 | —0,0009
€—C—C—C—C C, | 45,3 |—0,0252 | —0,0248 | 10,0004
C, | 10,4 | —0,0313 | —0,0345 | —0,0032
C, | 27.1 |—0,0305 | —0,0298 | 0,0007 ](.L)
c C, C, | 33,0 | —0,0301 | —0,0282 | 10,0019 |] "
2. c_d_ <|: e C, | 45,4 | —0,0255 | —0,0248 | 0,0007
R C, | 24,4 | —0,0284 | —0,0306 | —0,0022
o Cs | 13,0 | —0,0343 | —0,0338 | 0,0005
C, | 13,3 | —0,0314 | —0,0337 | —0,0023
¢, | 17,1 | —0,0319 | —0,0326 | —0,0007
c C, | 351 | —0,0273 | —0,0276 | —0,0003
L C, | 34,9 |—0,0287 { —0,0277 | 10,0010 ] (+
30. C‘"Cz"(]:“—crcs C; | 32,6 | —0,0273 | —0,0283 | —0,0010 % -
G C; | 7.9 |—0,0340 [ —0,0352 | —0,0012 | |
Ce | 23,3 | —0,0301 | —0,0309 | —0,0008 )
¢, | 29,9 | —0,0307 | —0,0291 | 0,0016
‘!3 ‘[3 C. | 30,9 | —0,0312 | —0,0288 | 0,0024 ](—)
31.| C;—Cy—Cy—C—C; C, | 53,3 |—0,0236 | —0,0226 | 0,0010
& C, | 25,3 |—0,0295 | —0,0303 | —0,0008
G, | 247 }—0,0325 | —0,0305 | 0,0020
C c
32.] N\, C, | 25.6 | —0,0302 | —0,0303 | —0,0001
¢;—C,—C—C ] i ] )
N C. | 35,0 | —0,0204 | —0,0277 | 10,0017
C C
C, | 10,6 | —0,0343 | —0,0344 | —0,0001
C, | 25,6 | —0,0285 | —0,0303 | —0,0018
5. c—C C, | 40,6 | —0,0259 | —0,0261 | —0,0002 ] )
€,— Cy— Gy Cy— Cs—C, C, | 354 |—0,0261 | —0,0275 | —0,0014
Cs | 20,0 | —0,0304 | —0,0318 | —0,0014
C; | 14,1 |—0,0348 | —0,0334 | 0,0014
¢, | 19,0 | —0,0321 | —0,0321 | 10,0000
¢ c—c C, | 29,1 | —0,0281 | —0,0293 | —0,0012
34. / C, | 47,6 | —0,0247 | —0,0242 | 0,0005
C—C—C—C— G5 C, | 22,6 | —0,0282 | —0,0311 | —0,0029
G, | 11,8 | —0,0342 | —0,0341 | 10,0001
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[Fortsetzung der Tab. III. (6)]
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4

Verbindung (o 13C ‘I‘éf qF (qrce;gr~ qléir)

, C, | 7,5 |—0,0340 | —0,0853 | —0,0013
. C~C\% C, | 30,6 | —0,0272 | —0,0289 | —0,0017 10
€,—C,—C,— C—C C, | 348 |—0,0283 | —0,0277 | 0,0006 |7
C, | 23,2 [—0,0299 | —0,0309 | —0,0010 1+

C, | 13,8 | —0,0349 | —0,0335 | 10,0014

C, | 22,7 |—0,0308 | —0,0311 | —0,0003

36.| €C;—C;—Cy—C;—C—C—C—C—C | C; | 32,0 | —0,0283 | —0,0285 | —0,0002
C, | 29,4 | —0,0277 | —0,0292 | —0,0015 ](")'

C, | 29,6 | —0,0276 | —0,0292 | —0,0016

C, | 22,3 |—0,0326 | —0,0312 | 10,0014

C. | 28,0 | —0,0300 | —0,0296 | 10,0004

C, | 39,2 | —0,0264 | —0,0265 | —0,0001
a1, <;3 C, | 274 | —0,0273 | —0,0298 | —0,0025 ]
€ Cpm Cym G G GGy €, | o | 2957 | —0,0277 | —0,0291 | —0,0014 1

Ce | 32,0 | —0,0283 | —0,0285 | —0,0002

C, | 22,7 |—0,0308 | —0,0311 | —0,0003

C; | 13,6 | —0,0349 | —0,0336 | 0,0013

C, | 11,1 |—0,0344 | —0,0343 | 0,0001

C. | 29,7 | —0,0290 | —0,0291 | —0,0001

C, | 34,6 | —0,0279 | —0,0278 | 10,0001

. C, | 36,7 |—0,0259 | —0,0272 | —0,0013

38. | C, | 26,9 | —0,0274 | —0,0299 | —0,0025
6—C—C—C—C—C—C:—Cy | ¢ | 32,4 | —0,0282 | —0,0284 | —0,0002 ](_.),

C, | 22,7 |—0,0308 | —0,0311 | —0,0003

Cs | 13,8 | —0,0349 | —0,0335 | 10,0014

C, | 19,0 | —0,0320 | —0,0321 | —0,0001

C, | 14,0 | —0,0348 | —0,0335 | 0,0013

C, | 19,4 | —0,0304 | —0,0320 | —0,0016

C, | 39,6 | —0,0264 | —0,0264 | 10,0000

c, C, | 32,6 | —0,0274 | —0,0283 | —0,0009

39. | C, | 36,8 | —0,0259 | —0,0272 | —0,0013

CmCrCCGrCGCCC | ¢ | 203 | —0,0279 | —0,0292 | —0,0013

C, | 23,0 | —0,0307 | —0,0310 | —0,0003

C, | 13,7 | —0,0349 | —0,0336 | 10,0013

C, | 20,2 | —0,0319 | —0,0318 | 10,0001
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4
Vebinduag & | e | g l (o)
c { 20,1 | —0,0322 | —0,0318 | 10,0004
L1 17,9 | —0,0322 | —0,0324 | —0,0002
C, | 32,2  —0,0284 | —0,0284 | —0,0000
¢ c C, | 38,8 | —0,0262 | —0,0266 | —0,0004 ]
8 ()
40. [ C, | 34,0 | —0,0257 | —0,0279 | —0,0022
€= €= G~ C—C— GG, C, | 30,0 | —0.,0278 | —0,0200 | —0,0012
C, | 23.1 | —0,0307 | —0,0310 | —0,0003
C, | 13,8 —0,0349 | —0,0335 | 0,0014
C, | 15,2 | —0,0316 | —0,0331 | —0,0015
o |l 221 [—00325 [—00312 | 0.0013
1 23,1 | —0,0325 | —0,0310 | 0,0015
C, | 253 | —0,0206 | —0,0303 | —0,0007
c , C, | 47,0 | —0,0245 | —0,0243 | 0,0002
41. | | c, | 30,2 | —0,0272 | —0,0200 | —0,0018
C—C— GG~ G- GG C, | 39,9 | —0,0264 | —0,0263 | 0,0001
C, | 19,9 | —0,0304 | —0,0318 | —0,0014
C, | 14,0 | —0,0348 | —0,0335 | 0,0013
C, | 19.4 | —0,0319 | —0,0320 | —0,0001
o [ 223 [—0.0826 [—0.0312 | "0,0014
1| 22,5 | —0,0326 | —0,0311 | 0,0015
C, | 28,4 | —0,0299 | —0,0295 | 0,0004
c c C, | 36,5 | —0,0260 | —0,0272 | —0,0012
s 1¢-
42. ; 1 C, | 34,4 | —0,0256 | —0,0278 | —0,0022
Cr— GG G- G— G G C, | 34,8 | —0,0278 | —0,0277 | 0,0001 1=
C, | 29,5 |—0.0289 | —0,0292 | —0,0003
C, | 11,0 | —0,0344 | —0,0343 | 0,0001
C, | 19,0 | —0,0320 | —0,0321 | —0,0001
C, | 22,4 |—0,0326 | —0,0311 | 0,0015
C C c, | 28,1 | —0,0300 | —0,0296 | 0,0004
i cl_(’:o—-cs—cé—c_c_c C, | 395 | —0,0263 | —0,0264 | —0,0001
G, | 25.2 | —0,0270 | —0,0304 | —0,003¢
c, | 11,9 |—0,0343 | —0,0341 | 0,0002
95,8 | —0,0286 | —0,0302 | —0,0016
G G, Cﬁ{ 97,6 | —0,0286 | —0,0297 | —0,0011
44. Lo 38,9 | —0,0263 | —0,0266 | —0.0003
C—C—C— G- G- G G, Ca‘ 39,8 | —0,0263 | —0,0263 | —0,0000 |-
36,3 | —0,0259 | —0,0273 | —0,0014 =)
C*{ 37,2 | —0,0259 | —0,0270 | —0,0011
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Verbindung & = e QI ( qaexgriqg:r)
c. |l 355 | —0,0261 | —0,0275 | —0,0014
>l 37,5 | —0,0261 | —0,0270 | —0,0009
C, | 20,8 1—0,0304 | —0,0316 | —0,0012
i (133 (‘39 C, | 14,2 | —0,0348 | —0,0334 | 0,0014
C,—Cy—C3—Cy—C3—Co—C, c, 13,9 | —0,0316 | —0,0335 | —0,0019
15,8 | —0,0316 | —0,0330 | —0,0014
c { 16,3 | —0,0315 | —0,0328 | —0,0013
* 1 14,2 | —0,0315 | —0,0334 | —0,0019
c 10,9 | ~0,0344 | —0,0343 |  0,0001
Y111 | —0,0344 | —0,0343 | 0,0001
c 29,5 | —0,0289 | —0,0292 | —0,0003
| 30,5 | —0,0289 | —0,0289 | —0,0000
45 (!35 (i: c [ 31,9 | —0,0275 | —0,0285 | —0,0010
€,— Cy— Cy— €;— C—C—C * 1 32,0 | —0,0275 | —0,0285 | —0,0010
c { 44,3 | —0,0242 | —0,0251 | —0,0009
1 44,5 | —0,0242 | —0,0250 | —0,0008
c I 18,9 | —0,0320 | —0,0321 | —0,0001
* 1l 19,6 | —0,0320 | —0,0319 |  0,0001
C, | 29,2 | —0,0308 | —0,0293 | 10,0015
C, | 30,2 | —0,0314 | —0,0290 | 0,0024 ](")
C C, | 44,4 |—0,0248 | —0,0251 | —0,0003
46. Cr"(I:z“‘Ca"‘Cf“Cs"CG_C'J C, | 24,4 | —0,0271 | —0,0306 | —0,0035 ](~)
(I: C, | 33,0 | —0,0282 | —0,0282 | —0,0000
C; | 22,8 | —0,0308 | —0,0310 | —0,0002
C, | 13,8 |—0,0349 | —0,0335 | 0,0014
c, 8,0 | —0,0340 | —0,0351 | —0,0011
C, | 34,2 | —0,0275 | —0,0279 | —0,0004
Cy C, | 32,5 (—0,0296 | —0,0283 | 0,0013 15
ar.| Cmp (l:a_ o o G, C, | 41.3 | —0,0245 | —0,0259 ~0,0014]
I C; | 26,4 | —0,0276 | —0,0300 | —0,0024
-G Ce | 23.7 | —0,0307 | —0,0308 | —0,0001 || (+)
C, | 13,7 | —0,0349 | —0,0336 | 0,0013
Ce | 26,4 | —0,0303 | —0,0300 | 0,0003
C, ! 14,9 —0,0347 | —0,0332 | 10,0015
(]35 C, | 17,3 —0,0301 | —0,0326 | —0,0025
48.| €,—C;—Cy—Cy—C—C—C C, | 44,8  —0,0250 | —0,0249 | 0,0001
(': C, | 32,8 —0,0292 | —0,0283 | 10,0009 ](+)
c, | 27,0 1—0,0302 —0,0299 | 0,0003
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Verbindung I o G (q&imiqgi')
. { 17,8 | —0,0322 | —0,0324 | —0,0002
1 20,0 {—0,0322 | —0,0318 | 0,0004
C, | 32,4 | —0,0284 | —0,0284 | 0,0000
¢ ¢ c C, | 36,2 | —0,0260 | —0,0273 | —0,0013
49. [ I C, | 43,9 | —0,0243 | —0,0252 | —0,0009
C—C:—C—C—C—Cs C; | 25,7 | —0,0296 | —0,0302 | —0,0006 |
c { 21,9 | —0,0325 | —0,0313 | 10,0012
© 1l 23,5 | —0,0325 | —0,0308 | 0,0017
C, | 15,3 | —0,0316 | —0,0331 | —0,0015 ](_)
C, | 29,9 |—0,0307 | —0,0291 | 0,0016
C, | 31,0 | —0,0311 { —0,0288 | 10,0023 }(—)
f G C; | 51,0 | —0,0231 | —0,0232 | —0,0001
50. cl_c:—-cs—é;-crcc C, ' 31,9 | —0,0273 | —0,0285 | —0,0012
Ic C, | 31,0 | —0,0288 | —0,0288 | 0,0000
C; | 11,2 | —0,0344 | —0,0343 | 0,0001
c, 121.,9 —0,0319 | —0,0313 | 0,0006
C, | 29.3 | —0.0308 | —0.0202 | 0.0016
c ¢ C, | 30.1 [ —0.0313 | —0.0200 | 0.0023 ](")
| | Cy | 42.0 | —0.0245 | —0.0257 | —0.0012
s Cl"%*cf'q‘“cs*cﬁ C, | 33.9 | —0.0257 | —0.0280 | —0.0023
o Cs | 28.9 {—0.0299 | —0.0293 | 0.0006
Co | 22.5  —0.0326 | —0.0311 | 0.0015
C, | 17.1 | —0.0319 | —0.0326 | —0.0007
C. | 35.0 | —0.0272 | —0.0277 | —0.0005
c G C, | 35.5 |—0.0283 | —0.0275 | 0.0008 1)
52. Cr—(!z—érQ C—C, C, | 43,1 | —0,0248 | —0,0254 —0,00061
(l: C, | 17,0 | —0,0301 | —0,0326 | —0,0025 l(+)
Co | 14,8 | —0,0347 | —0,0333 | 0,004
c, 1’23,8 —0,0209 | —0,0308 | —0,0009 |
C, | 28,2 |—0,0304 | —0,0295 | 90,0009 ] )
C, | 34,0 | —0,0298 | —0,0279 | 0,0019
({3 (;36 ? C, | 47,9 | —0,0230 | —0,0241 | —0,0002
53.| C;— Cy— Cy— Cy— C4 Gy | 27,4 | —0,0280 | —0,0298 | —0,0018
(’: C_{ 17,3 | —0,0321 | —0,0326 | —e,0005
51| 24,5 | —0,0821 | —0,0306 | 0,0015
C, | 11,6 | —0,0310 | —0,8341 | —0,0031 ](")
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Verbindung L dor %G (qéefrd—q'éit)
cC ¢ ¢ ¢, | 17,2 | —0,0318 | —0,0326 | —0,0008
5. Cm én_ (]33~f|3— c C. | 37,1 | —0,0270 | —0,0271 | —0,0001
T C, | 33,6 | —0,0273 | —0,0280 | —0,0007

C C, | 18,9 | —0,0297 | —0,0321 | —0,0024 ](+)

C, | 25,6 | —0,0302 | —0,0303 | —0,0001 ](J_)

C G C. | 36,0 | —0,0290 | —0,0274 | 10,0016 '

55.| Cm (llg—iCa—- C, C, | 37,3 | —0,0276 | —0,0270 | 0,0006 ] =)
©o C, | 28,8 |—0,0270 | —0,0294 | —0,0024

¢ ¢ C, 9,0 | —0,0339 | —0,0349 | —0,0010 ](+)
G, | 20,6 | —0,0208 | —0,0316 | —0,0018

{

C, | 10,6 | —0,0343 | —0,0344 | —0,0001
C. | 25,6 | —0,0285 | —0,0303 | —0,0018

C—C C, | 40,7 | —0,0258 | —0,0261 | —0,0003 ](")
56. . C, | 32,7 | —0,0255 | —0,0283 | —0,0028
€= C— G C—CG— G Gy C, | 29,2 | —0,0278 | —0,0293 | —0,0015
Ce | 23,1 |—0,0307 | —0,0310 | —0,0003
C, | 13,7 | —0,0349 | —0,0336 | 10,0013
c. [l 190 | —0.0320 | —0,0321 | —0.0001
C C—C, t 1 20,0 | —0,0320 | —0,0318 | 0,0002
57 cl-t[:n—(izs- e C. | 29,0 | —0,0278 | —0,0293 | —0,0015
: | C, | 56,8 —0,0231 | —0,0216 | 10,0015
C ¢, | 21,1 |~0,0279 | —0,0315 | —0,0036
C, | 145 | —0,0342 | —0,0333 | 10,0009
¢ c, | 7.1|—0,0339|—0,0354 | —0,0015

58.| C;—Cy—C;—C—C C. | 27,1 | —0,0267 | —0,0298 | —0,0031 }(4)

C-—C/ C, | 37,1 | —0,0265 | —0,0271 | —0,0006 ‘

¢ ([: C, | 31,8 |—0,0307 | —0,0285 | 0,0022 ](._)
59.| €,—Cy—Cy—C—C C. | 32,4 |—0,0309 | —0,0284 | 0,0025
‘ ' C, | 56,5 | —0,0221 | —0,0217 | 0,0004
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Diskussion der Ergebnisse

Die prozentuelle Streuung der berechneten Ladungen um der regressier-
ten Gerade enthilt Tabelle IV. Aus den Werten der Tabelle ist ersichtlich,

Tabelle IV

Die Streuung der berechneten qc-Ladungen um der regressierten Geraden

ece = 1,00 eco = 0,73
A ”Wertzahl o Wertzahl %
— +0,0005 135 - 39.3 132 38,4
+0,0006 — +0,0010 49 14,2 49 14,2
40,0011 — 20,0015 99 28,8 99 28,8
+0,0016 — +0,0020 22 6,4 28 8,1
40,0021 — 40,0025 19 5.5 24 7,0
40,0026 — --0,0030 12 3,5 5 15
+0,0031 — 8 2,3 1 2,0

daBl die berechneten und regressierten Werte einander gut entsprechen, eine
wesentlichere Abweichung (iiber 4 = 40,0030 qc-Wert) ist nur in einigen
Fillen (~29) beobachtbar. Die Abweichungen sind bei den Rechnungen
mit dem ecc == 0,75 Parametersystem kleiner.

In den Tabellen IT und IIT wurde in der letzten Kolumne mit ()
und (—) Zeichen die Tendenz der Ladungsinderung angezeigt. Bei den(-)
Zeichen ist die Anderungstendenz der berechneten Ladungswerte und der
experimentellen NMR-Signale einander entsprechend, bei den (—) Zeichen
ist sie entgegengesetzt. Aus den 344 Ladungswerten ist die Tendenz bei den
Rechnungen mit dem ecc = 1,00 Parametersystem in 39 Fillen, bei den
Rechnungen mit dem ecc = 0,75 Parametersystem in 28 Fillen entgegen-
gesetzt. Bei den Rechnungen mit dem ecc = 0,75 Parametersystem war die
Tendenz bei den meisten symmetrischen Molekiilen (6, 15, 32, 33, 58 Ver-
bindungen) der Tendenz der Versuchswerte entsprechend.

Auch bei den Ergebnissen des ecc = 0,75 Parametersystems ist die Ten-
denz entgegengesetzt in vielen solchen Fillen, wo das Kohlenstoffatom sich
in der Mitte der Kette befindet (9, 18, 19, 22, 36, 37, 38, 39, 40, 42, 46, 56
Verbindungen) diese Erscheinung ist mit dem Einflul des Abschirmungs-
effektes der fernen Atome bzw. Atomgruppen erkldrbar. Bei den Ladungs-
berechnungen mit der Methode von Del Re wird nur der Einflu der benach-
barten Atome beriicksichtigt, mit dem Einflu} der anderen ferneren Gruppen
wird nicht gerechnet.

Mit dhnlichen Abschirmungseffekten kann die entgegengesetzte Ten-
denz zwischen den Kohlenstoffladungen der Methylgruppen und den quater-
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ndren Kohlenstoffatomen in den 7, 14, 26, 31, 46, 50, 51, 59 Verbindungen
erklirt werden. Jede dieser Molekiile ist eine asymmetrische Verbindung.
Die Tendenz der Ladungen zwischen den sich symmetrisch befindlichen quater-
niren Kohlenstoffatomen und den Kohlenstoffatomen der Methylgruppen
ist der experimentellen Tendenz der Versuchswerte (3, 15, 16, 27, 29, 30, 32,
35, 48, 54, 55, 58 Verbindungen) entsprechend.

Zusammenfassung

Es wurde die Ladungsverteilung von 59 Alkanmolekiilen mit der guantenchemischen
Methode von Del Re berechuet. Es wurde festgesetzt, dafl die berechneten Ergebnisse mit dem
gcc = 0,75 Parametersystem wesentlich besser sind als die Ergebnisse mit dem gcc = 1,00
Parametersystem. Der Abschirmungseffekt der fernen Atome bzw. Atomgruppen auf die
NMR 13C-Signale kann mit den Rechnungen bestitigt werden. Die Anderungstendenz der
Ladungen mit der Del Re Methode berechnet, die den Einflufl der ferneren Gruppen nicht
beriicksichtigt, ist der Tendenz der Versuchs-WNMR Signale entgegengesetzt.
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