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V. R iganti, S. Locchi, R. Curti, ecc., La struttura della asym-v$-naftazina 2ÓI

Chimica. —  L a  struttura della asym-ocfì-naftazina^K  N ota II di 
V in c en zo  R ig a n t i, S t e l io  L o c c h i, R enato  C u rti e B r u n a  B o v io , 
presentata (**} dal Socio G. N a tta .

A bbiam o condotto  a term ine una accura ta  ricerca con i raggi X sulla 
s tru ttu ra  cristallina e molecolare d e irasy m -ap -n aftaz in a , per determ inare 
con buona precisione le dim ensioni della molecola e le d istanze interm ole
colari.

Cercherem o di collegare questa  s tru ttu ra  con quella dei term ini inferiori 
della serie, cioè la p irazina [i] e la fenazina [2] ; e di a ltri deriva ti della serie 
da noi s tu d ia ti o in corso di stud io  [3, 4, 5, 6, 7].

Parte sperimentale.

Come neiranalisi della 5,10 diossifenazina [3, 4, 5] anche in questo caso 
si può raccogliere so ltan to  una porzione non m olto elevata delle riflessioni 
osservabili teoricam ente, come conseguenza della qualità  p iu tto sto  scadente 
dei sottilissim i cristalli o ttenibili ; per cui la nostra analisi è s ta ta  condo tta  
sulle riflessioni della fam iglia di piani h o l  , h  \ l  , h  z i .

Per le ca ra tteris tiche cristallografiche (l) e T im pacchettam ento delle 
molecole sul piano ac rim andiam o alla nostra  precedente N ota  I. Il la to  b 
ha un  valore m olto piccolo ; tenendo conto che sulla proiezione ac non si ha 
alcuna sovrapposizione delle molecole è s ta to  fa tto  uso di proiezioni generaliz
zate per la determ inazione del p a ram e tro ^ . Le proiezioni generalizzate furono 
calcolate usando i fa tto ri di s tru ttu ra  osservati h 1 /, ed i segni calcolati 
supponendo in 1 p rim a approssim azione la molecola piana. Le coordinate y  
sono stat£  o tten u te  dalla relazione :

tang  2 7iyj  =  S, (xj  , z/)JC1 (xj , z/)

dove S e C sono le proiezioni generalizzate in seno e coseno, m ostra te  in 
fig. 1. Q ueste coordinate, affinate successivam ente, hanno conferm ato che 
la molecola non si scosta in m odo rilevante dalla p lanarità . Le coordinate 
x  e z  erano s ta te  p recedentem ente determ inate  con i m etodi Fourier.

L ’affinazione dei param etri di posizione e di tem pera tu ra  è s ta ta  con
d o tta  sim ultaneam ente sui tre livelli col m etodo dei m inim i quadrati, a lte r
nandolo sul piano equatoriale con sintesi F0— F*. Con questo m etodo di 
affinazione siamo scesi ad indici di a tten d ib ilità  R^0/ =  0,13 ; R*x/ =  0,14 ;

(*) Lavoro eseguito nelPIstituto di Chimica Generale delPUniversità di Pavia.
(**) Nella seduta del 9 marzo 1963.
(1) Ripetiamo qui le costanti della cella elementare: a — 10,97 A ; b — 4,71 A;

c =  14,10 A; p =  ii3°54 '. Gruppo spaziale P 2:jc. z =  2.

18 . — R E N D IC O N T I  1963, Voi. X X X IV , fase. 3 .
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T abella I.

Fattori d i struttura osservati e calcolati.

h k 1 re FO h k 1 FC FO h k 1 FC FO
1 0 0 ♦50.6 41.7* 7 0 4 -  3 .8 7iO 8 - 0 8 -  4 .6 *5 .0
2 -1 8 .0 19.6 7 - -  9 .0 7 .0 9 -  4 .2 “4 .0
3 +25.0 2 3 .0 8 -  0 .6 *5.0 9 - + 1.6 *5.0
4 -  9 .8 11 .6 8 - + 8 .4 7 .9 10- + 4 .8 *5.0
5 +11.0 1 6 .5 9 + 2 .4 *5-0 11- -  0 .6 *5.0
6 -2 9 .0 31 .2 9 - -  1 .8 6 .8
7 -3 0 .4 31.3 10 -  2 .8 *4.0 0 0 10 +12.2 11.0
8 -  5 .0 *5 .0 io  +21.4 22.1 1 -  3 .0 *5.0
9 -  8 .8 8 .9 l i + 1.4 *4.0 1- + 2 .2 8 .4

10 -  3 .4 *4 .0 11- +38.0 34.5 2 + 4*0 *5.0
11 ♦ 6 .0 5 .7 12- -  2 .4 *5.0 2 - +25.2 28.2
12 + 0 .6 *5.0 3 -  2 .8 *5 .0

0 0 6 +12.6 11.6 3 - +31.8 25 .9
0 0 2 +50.8 47.4 1 -3 4 .6 32.6 4 -  6 .6 ‘ 5 .0
1 -5 6 .0 50.7 1 - -  7 .0 11.6 4 - -2 1 .0 18.7
1 - +83.8 6 8 .1 0 2 -4 1 .2 44 .9 5 -  1 .6 *5.0
2 +13.8 15.4 2 - -1 0 .6 7 .6 5 - -  4 .8 6.1
2 - -  0 .6 4 .4 3 + 3 .0 *5.0 6 -  5 .6 *5 .0
3 + 7 .2 *5.0 3 - +16.6 17.2 6 - + 5 .4 7.1
3 - +34.8 33 .0 4 -  3 .8 *5.0 7 + 0 .8 *4.0
4 +11.4 14.0 4 - -2 2 .4 25 .2 7 - + 2 .8 *5.0
4 - -  6 .9 7 .4 5 + 1.6 *5.0 8 - + 0 .8 *5.0
5 -  5.4 6 .3 5 - -5 1 .6 52 .7 9 - -2 0 .0 15.5
5 - + 0 .5 *4 .0 6 -  9 .4 9 .0 10- -  3 .0 *5 .0
6 -27 .4 28 .0 6 - -  2 .2 *5.0 11- +10.0 8 .7
6 - -  1.0 *5.0 7 -  4 .8 *5.0
7 + 4 .2 5 .4 7 - + 0 .8 *5.0 0 0 12 + 5 .2 5 .3
7 - -1 1 .2 12.3 8 +31.6 3 0 .8 1 0 .0 *5.0
8 +10.4 8 .7 8 - + 0 .2 *5.0 1 - + 0 .8 *5.0
8 - + 0 .6 *5.0 9 +15.2 15.6 2 + 3 .4 *5.0
9 -  3 .8 *5.0 9 - -  1 .8 *5.0 2 - + 2 .4 10.1
9 - -  7 .0 6 .3 10 + 2 .6 ‘ 4 .0 3 -1 6 .6 12.9

10 -  4 .0 *5 .0 10- -1 0 .2 5 .7 3 - +54.8 48.9
io  + 4 .8 *5.0 1 1- +27.2 30.7 4 -1 2 .6 12.0
l i -  2 .4 *4 .0 12- +20.6 1 9 .8 4 - +25.8 2 2 .8
11- -  0 .6 *4.0 5 -  2 .0 *4.0
12 -12 .4 9 .4 0 0 8 -  9 .4 9 .5 5 - -  6 .8 6 .0
12- -  5.4 *4.0 1 -2 2 .4 25 .8 6 -  4 .6 *4.0

1 - -1 7 .4 16.5 6 - + 7 .6 5 .7
0 0 4 +14.6 18.3 2 -  5 .8 5 .3 7 - -  4 .8 *5.0
1 +26.2 29.6 2 - -  9 .4 9 .4 8 - + 2 .0 *5.0
1 - -1 9 .6 20.3 3 -  0 .2 *5.0 9 - -  8 .2 11.6
2 -1 4 .8 17 .5 3 - -  0 .8 *4.0 10- -1 7 .6 16.4
2 - -3 6 .8 38 .4 4 -  5 .6 *5.0
3 -  7 .6 5 .7 4 - + 7 .8 11.1 0 0 14 + 0 .2 *5.0
3 - -1 9 .2 20.4 5 + 6 .4 *5.0 1 + 4 .0 *5.0
4 + 3 .8 8 .0 5 - -  1 .0 *4.0 1 - + 5 .2 *5.0
4 - -46 .4 47 .3 6 -  1 .6 *5.0 2 -  4 .6 *5.0
5 -  2 .8 *5.0 6 - -  5 .8 5 .3 2 - -  4 .8 *5.0
5 - -2 1 .4 17 .7 7 +20. 6 17.9 3 -  8 .2 7 .0
6 + 4 .6 *5.0 7 - + 7 .2 5 .3 3 - + 2 .8 *5.0
6 - + 6 .2 8 .8 8 +21.2 19.1 4 - +13.4 13.2

h k 1 FC FO h k 1 FC FO h k 1 FC FO
11- 1 12 -  1.1 *6.0 0 2 1 + 7 .5 6 .7 1 2 3 _ 9 .2 9 .81 2 - -  7.1 7 .6 1 -  3.1 6 .6 1 - _ 6.1 6.113- -  3 .0 *5.0 1 - + 2 .2 *6.0 2 1 .2 *6 .0
0 1 13 -  4 .0 *5.0 1

CM CM -  8 .7  
+ 6.4

9 .9
9 .4

2 -
3

-  4 .9
-2 6 .7

6 .0
2 3 .81 -  5 .8 *5.0 3 -3 2 .8 33.1 3 - +21.0 19.31 - +16.8 20.1 3 - +16.1 19.9 4 - 5 .3 6 .62 + 0.1 ‘ 5 .0 4 -3 3 .9 31.6 4 - 4.0 6 .02 - +17.9 19.3 4 - +22.0 23.2 5 +11.6 10.63 + 3 .4 *5.0 5 -  0 .7 *6.0 5 - - 4.1 5 .03 - + 1 .0 *5.0 5;*** ■ +11.0 13.4 6 « 5.2 *5.04 -  2.1 *5.0 61 -  6 .9 *6.0 6 - 4 .9 *5.04 - -  0 .9 *5.0 6 - + 6 .5 8 .9 7 + 0 .4 *5 .05 -

6 -
+ 7 .2  
+ 7 .4

8 .6
7 .8

7
7 -

-  3 .9
-  0 .8

*6.0
*6 .0

7 -
8

7 .4
2 .0

8 .6
*6.07 - -  0 .5 *5.0 8 -  7 .9 *6.0 8 - • 7 .3 8 .78 - -  4 .0 *5 .0 8 - -  6 .8 *6 .0 9 +3.2 *6. 09 - -  4 .7 *5.0- 9 -1 1 .2 8 .9 9 - - 3 .7 *6 .010- -  3 .2 *6 .0 9 - + 8 .0 6 .0 10 + 5.9 6.411- -  3 .0 *6 .0 10 + 7 .4 7 .4 i o  1 .8 *6.012- -  2 .0 *5 .0 i o  + 3 .4 *6.0 l i 4 .2 *6 .0

14
l i + 3 .4 *6.0 11- 3 .2 *6.00 1 + 1 .7 *5.0 11- -  1 .3 *6.0 12- + 1 .2 *6.0

1 -
-  5.1
-  1 .2

*5.0
*5.0

12- + 0 .9 *6.0 13- 2 .5 *6.0
2 + 0 .8 *5.0 0 2 2 ^•5 .5 8 .4 0 2 4 + 3.4 *6.02 - -1 2 .8 17 .0 1 +11.5 13.4 1 1.1 *6.03 -  1 .4 *5.0 1 - -  5.1 *6.0 1- -17 . 5 16.33 - + 0 .6 *5.0 2 -  5 .0 8 .5 2 0 .4 *6.04 - -  3 .6 *5.0 2 - + 7 .5 9 .2 2 - -1 6 .2 18.05 - -  0 .9 *5.0 3 +42.5 37.9 3 6 .2 8 .26 - + 2 .6 *5.0 3 - -1 9 .2 19.0 3 - 2 .6 *6.07— -  3 .0 *5.0 4 +23.3 24.5 4 0 .7 ‘ 6 .08 - + 4.1 *5.0 4 - -  8 .0 9.1 4 - +11.1 11.19 -

10-
-  1 .0
+ 1 .8

*5.0
*5.0

5
5 -

-1 0 .6  
-1 1 .9

12 .8
8 .6

5
5-

+16.3
-

17 .8
*6.011 - + 0 .9 *5.0 6 -  2.1 *6.0 6 +4 .0 *6.012- -  1.3 *5.0 6 - -1 1 .5 10.5 6 - 1 .6 *6.0

1 2 0 +14.5 14.0
7
7 -

-  1 .8  
! -  0 .8

*6 .0
*6 .0

7
7 -

+ 5 .5  
+11.1

*6.0
11.12 -2 9 .6 25 .8 8 f -  3 .0 *6.0 8 *6.03 -1 6 .0 19.4 8 - -  1 .4 *6 .0 8 - -1H.c> 17.74 +42.0 39.9 9 -  7 .6 6 .0 9 4 .0 *6.05

6
+ 7 .4  
-  0 .4

10.4
*6.0

9 -
10

+ 1.1 
-  8.4

*6 .0
*6.0

9 -
10 - 8 .9

0 .8
‘ 6 .5
*6.07 + 7 .3 *6.0 i o  -  4 .5 *6 .0 10- +3 .6 *6.58 -  4.1 *6.0 l i -  2 .9 *6 .0 11- 1.2 “6 .59 -10.1 10.1 11- + 1.1 *6.0 12- +2.4 *6.010

11
-  7 .6
-  3 .4

8 .7
*6.0

12- + 1.1 *6.0 13- - 6 .7 *6.0
12 -  3 .3 *6.0 0 2 3 + 1 .2 *6.0 0 2 5 +10.9 14.3

h k 1 FC 70 h k 1 FC FO h k 1 FC FO
5 - 0 14 -  0 .6 *5.0 12 1 1 -  0 .8 *6 .0 11 1 :5 -  3 .7 *6.0
6 - + 5.6 *5.0 12- -  2 .3 ‘ 6 .0 1 1- + 0 .8 *6.0
7 - -  0 .6 *5.0 13- -  0 .4 *6.0 12- +12.2 11.98 - -  1 .6 *4.0 13- + 9 .3 6 .9

0 1 2 + 6 .5 10.4
0 0 16 -  1 .2 *4.0 1 -51 .3 4 0 .5 ° 0 1 4 6 .0 4 .21 + 1 .8 ‘4 .0 1- -36 .4 29 .5 1 -  7 .9 5 .71 - — 6 .8 5.3 2 -2 1 .8 19.0 1- +20.2 18 .6
2 - + 4 .6 5 .2 2 - + 9 .2 10 .5 2 + 6.3 4 .3
3 - + 6 .8 6 .5 3 +17.8 19.1 2 - +25.1 24.5
4 - -  3 .0 5.4 3 - +11.1 9 .8 3 -  6 .2 8 .5
5 - -  7 .8 9.1 4 -1 7 .0 15.9 3 - -  0 .2 *5 .0
6 - -  5.4 8.1 4 - -  4.1 *5.0 4 + 3 .3 5 .0
7 - -1 2 .2 12.6 5 + 2 .6 5 .2 4 - -1 5 .8 12.6
8 - -  9 .8 8 .8 5- +17.9 17.9 5 -  6 .8 7 .3

6 + 1 .6 *5.0 5 - -  1.9 *5.01 1 0 -  3 .2 1 .8 6 - -  1.4 *5.0 6 -  2 .4 *5.0
2 -94 .3 65 .3° 7 + 0 .4 *6.0 6- -26 .1 23 .5
3 -10 .2 8 .8 7 - + 7 .3 7 .0 7 + 9 .9 10.9
4 -2 0 .8 25.1 8 + 8 .0 10 .6 7 - 8 .8 9 .0
5 -2 8 .9 31.4 8 - + 1 .5 *5.0 8 -  1 .2 *6.0
6 + 2 .5 5 .9 9 -  2 .5 *5.0 8 - -  8 .6 7 .0
7 -  6 .5 6 .8 9 - -  1 .0 *5.0 9 + 1 .4 *6.0
8 + 5 .5 7 .7 10 -  9 .9 8 .2 9 - -2 3 .0 20.1
9 +12.7 12.4 i o  + 1 .9 *5.0 10 + 0 .3 *6.0

10 + 2 .0 *6.0 l i -  3 .8 *6 .0 io  + 5.7 5 .711 -  4 .6 *6.0 11- -  2 .4 *6.0 l i + 1.1 *6.0
12 -  1.3 *6.0 12 + 0 .6 *6.0 11- + 0 .7 *6.p

12- + 6 .5 6.1 12- + 6.0 4 .8
0 1 1 -1 5 .5 12.8 13- -  0 .9 *5.0 13- +14.1 10.61 +63.9 44.8»
1- -  3 .8 6 .0 0 1 3 + 1 .2 3 .6 0 1 55 -43 -5 36.5
2 +79.3 62.2° 1 +14.3 15.0 1 -  7 .2 9 .6
2 - +44.8 4 0 .8 1 - +20.0 18.9 1 - -1 2 .8 12.4
3 -  2 .9 6 .6 2 + 5.7 5 .2 2 +10.1 9 .7
3 - +31.0 32.7 2 - -  0 .5 *5.0 2 - -1 0 .0 16.0
4 -23 .0 22.7 3 -1 0 .5 8 .9 3 + 3.1 *5.0
4 - -  5 .5 8 .5 3 - -12 .7 13.0 3 - -28 .3 23 .2
5 -  4 .0 4 .5 4 + 6 .2 6 .6 4 -1 0 .7 10 .6
5 - -12 .2 15.2 4 - -  9.1 13.6 4 - -  0 .2 *5.0
6 + 7 .2 8 .7 5 + 3 .8 *5.0 5 -10.1 11 .0
6 - -  9 .8 9 .0 5 - -11 .6 11.2 5 - -  2.1 5 .0
7 -  0 .1 *6.0 6 + 2 .5 *5.0 6 +14.7 11.7
7 - -  5 .3 *5.0 6- -  9.1 9 .6 6 - -15.1 14.2
8 -1 5 .9 15.8 7 -  5 .5 *5.0 7 +13.4 13.48- -  7 .5 9 .2 7 - -  4 .5 *5.0 7 - -1 5 .5 16.2
9 -  6 .0 *6.0 8 -  8 .6 7 .5 8 + 2.1 *6 .0
9 - -  1 .8 ‘ 5 .0 8- + 4 .7 5.3 8- + 6.3 9.1

10 -  6 .4 *6.0 9 + 3 .4 *6.0 9 + 1 .7 *6.0
i o  -  1 .5 *5.0 9 - + 3 .2 *5.0 9 - +26.1 26.2
l i -1 1 .2 8.8 10 -  0 .8 *6.0 10 + 2 .7 *6.0
1 1- -  6.3 *5.0 10- -  2.45 *5.0 1 0 - + 8 .4 8.2

h k 1 FC FO h k 1 FC FO h k 1 FC FO
1 2 5 + 5 .6 6.7 2 2 7 + 3 .3 *6.0 4 2 9 + 3 .6 *6.01 - + 9 .5 9 .2 2 - + 0 .7 *6.0 4 - + 6 .5 7 .72 + 6.3 9.1 3 + 6 .2 *6.0 5 + 6 .0 *6.02 - -3 1 .0 28.2 3 - -1 0 .9 15.3 5 - + 2 .3 *6.03 -  8 .4 9 .5 4 +18.5 17.8 6 + 1 .8 ‘ 6.03 - -  5.1 5 .0 4 - -  3 .7 *6.0 6 - +14.0 14.24 +17.3 14.3 5 + 9 .5 9 .0 7 + 0 .9 *6.04 - + 1 .6 *5.0 5- -  9 .4 8 .6 7 - + 7 .5 *6.05 +17.8 15 .8 6 + 2 .8 *6.0 8 - -1 0 .8 8 .95 - -  6 .5 7 .4 6 - + 7.1 6 .2 9 - + 2 .5 *6.06 + 4 .6 *6 .0 7 + 1 .6 *6.0 1 0- + 0 .9 *6.06 - -  5 .6 7 .5 7 - -12 .4 12.9 11- + 1 .5 *6.07 + 5 .0 *6.0 8 + 1 .9 *6 .0 1 2- -  0 .8 *6.07 - -2 4 .8 21.3 8 - -2 0 .6 18.6 13- -  7 .5 *6.08 -  0 .3 ‘ 6 .0 9 + 1.4 *6.08 - -1 5 .5 14.4 9 - -  4 .3 *6.0 0 2 10 -1 4 .0 1 0 .89 + 1 .2 *6.0 10- -  5.3 *6.0 1 -  2 .2 *6.09 - -  3 .2 *6.0 11- -  0 .8 *6.0 1 - -  1.3 *6.010 -  1.4 *6 .0 12- -  1 .2 *6.0 2 -  6 .0 * £ 0lO - -  2 .0 *6.0 13- + 0 .5 *6.0 2 - + 2.1 *6.0l l  - -  1 .4 *6.0 3 -  5.3 *6.01 2- -  1 .7 *6.0 0 2 8 + 2 .3 *6.0 3 - + 0 .5 *6.013- ♦ 0 .9 *6.0 1 + 5.3 *6.0 4 + 1 .3 *6.0

1 - -  6 .9 9.1 4 - + 7 .4 *6.00 2 6 -1 3 .5 16.4 2 -  5 .5 6 .0 5 + 1 .4 *6.01 -  1 .4 *6.0 2 - -1 2 .0 12.5 5 - -  5 .9 *6.01 - -21 .4 23.4 3 + 1 .5 *6.0 6 + 0 .8 *6.02 -  7.1 9 .3 3 - + 2..3 *6.0 6 - +20.4 19 .02 - -2 0 .0 20.1 4 + 2 .4 *6.0 7 - +24.1 20.03 + 1 .0 *6.0 4 - + 1 .3 *6.0 8 - -  6 .2 *6.03 - -1 3 .5 13.9 5 -14.1 13.5 9 - -  4.1 *6.04 +33.0 29.3 5 - + 1 .6 *6 .0 1 0 - -  1 .4 *6.04 - -  3*4 *6.0 6 -  1.6 *6.0 11- -  4 .2 *6.0
5 + 8 .0 9 .0 6 - + 3 .3 *6.0 12- -  5 .9 6.35 - -  4 .6 6.1 7 + 0 .9 *6.0 13- -  6 .4 *6.06 -  8 .7 11.7 7 - -  4 .8 *6.06 - -  5.1 *6.0 8 -  0.4 *6.0 0 2 11 -  8 .4 6 .37 + 4 .9 *6.0 8 - + 7.1 9 .9 1 -13.1 13.37 - +30.4 27.6 9 - + 5 .0 *6.0 1 - -  1 .5 *6.08 -  0 .7 *6.0 10- + 3 .8 *6.0 2 -  5.9 *6.08 - +18.9 15.6 11- + 4 .2 *6.0 2 - + 0 .3 *6.09 + 1 .8 *6.0 12- -  4 .3 *6.0 3 -  4 .0 “6 .09 - -  9 .6 1 1.2 13- -  0 .9 *6.0 3 - -  1 .9 *6.010- + 4 .2 *6.0 4 + 1.5 *6.01 1- + 0.1 *6.0 0 2 9 -  9 .7 6.2 4 - + 0 .6 *6.012- + 0 .2 *6.0 1 -  1 .5 *6.0 5 + 1 .4 *6.013- + 0 .5 *6.0 1 - -  0 .9 *6.0 5 - + 4 .2 *6.0

2 0 .0 *6.0 6 -  6.6 *6.00 2 7 -  2.9 *6.0 2 - + 4 .0 *6.0 6 - +13.3 16.31 0 .0 *6.0 3 + 1 .0 ‘ 6 .0 7 - +1 8 .5 20.11 - +22.2 25.6 3 - -  1 .4 *6.0 8 - + 2.1 *6,0
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k 1 PC PO h k 1 PC PO h k 1 PC PO h k  1 PC PO h 1c 1 PC PO
1 5 -  6 .6 5.4 1 1 8 + 6 .5 7 .3 4 1 10 -  6 .4 *5.0 9 -  2 11 + 2 .2 *6.0 7 -  2 14 -  3 .4 “6 .0

+ 4 .0 5 .0 1 - -  9 .5 10.1 4 - +15.0 15.4 1 0 - + 2 .4 “6*0 8 - -  5.1 *6.0
+13.6 11.6 2 + 1 .6 *5.0 5 -  1.1 *6.0 1 1- + 2 .7 “6 .0 9 - -  5 .6 “6 .0

2 - -  9 .0 8 .3 5 - +18.1 14.6 1 2 - + 9 .0 7 .6 10- -  1 .6 “6.0
1 6 -18.1 21.7 3 +15.4 15 .8 6 + 0 .6 *6 .0 11- -  3 .4 “6 .0

9
9 -

10 -
11-
12-
13-

12-
13-

► 1.7 
-22 .4  
-1 1 .7  
+14.9 
♦10.2 
+23.6 
♦ 8.1
-  1.5
-  2 .8
+ 7.1
+24.7
-  5 .0  
+ 10.1 
-1 4 .8  
+ 3.3 
+ 4 .9  
i  5 .9  
- 2 1 .6  
-1 6 .8
-  0.8 
-  8.1 
+ 6 .4

-1 6 .2
-  0.1
-  9 .4
-  6 . 2
-  4.1 
- 1 2 . 2  
-31 .4  
- 10.1 
-1 1 .9  
+ 9 .2  
+ 6 .5 
+18.6 
+ 3 .0 
+ 2 .2
-  3 .2
-  5 .6
-  9 .4  
+ 8 .6  
+12.4 
+ 3 .9  
+ 3 .7  
+ 1 .7

“5 .0  „
21.1 4
11.9 4 -
15.2 5
11.5 5 -
21.7 6
1 0 .2  6 -
“5 .0  7
“5.0 7 -

6.1  8  
2 3 . 2  8 -  
7 .2  9 -

10.3 IQ-
1 5 .9 11-
*6.0 12-
*5.0 13-
“6 .0
19.6 0
14.5 1
“6 .0  1 -

5.1 2
4 .5 2-

3
3 -17.4 

“5.0
13.1

6.2
5.5 

14.3
30.0
1 2 .0
1 2 . 2

8.6
7 .7

19 .7  ,
“5 .0  10-
*5.0 11-
“ 5 .0  12 -
*6.0 13-
7 .8

1 0 .8  0
7 .8  1

“6 .0  1-
“5 .0 2
“5 .0  2 -

5
5+
6

9 -

+ 3 .3  “ 5 .0

• 1.3  
+ 1 .9  
+ 9 .5  
+ 8 .9
-  7.1 
+12.0 
+ 0 .3
-  5.4
-  0 . 6  
+ 1 .4 
-  0 .1  
+ 3 .7  
-  8.1
-  0 .7  
+ 1 .9  
+ 0 .3

-  2 . 6
-  4 .2
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-  5.4 
+ 4 .5
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+ 2 .9
-  2.1 
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+ 0 .4  
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+ 0.1
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-  2 .0
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-  1 .0  
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‘5 .0
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5.7 
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“5 .0  
“5 .0

“5 .0
“5.0
“5 .0
*5.0

6 . 2
5.6
6 .4 

*5.0
10.3 
*5.0
6.1

*5.0
9 .0  

“5 .0  
“5.0 
“ 6.0  
*5.0 
“5.0 
* 6.0
9 .0  

“5.0 
*5.0

5.1 
*5.0
7 .0
6 .5
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“5 .0
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9 - 
10 -  
11- 
12- 
13-

9 -
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11 -
12-
13-

9 -
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-  5.6  
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-  1.1
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+ 5.1

3 .4
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+ 5 .2 
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9.1

2 3 .6
*6 .0
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1 1.9

6.0
12.3 
*6.0  
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2
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3
3 -
4
4 -
5
5 -
6 -  
7 -

11-
12-

. 4 -
5 -

9 -
10 -
11-
1 2 -

+ 1 .3  
+19.7 
-15 .4  
+ 1.2 
+ 3.1 
+ 1 .3  
-  1 . 2  
+ 2 . 8  
+ 3 .5  
-  2.8
-  5.8  
-11 .9  
+ H . 2  
+ 6 .9
-  1.0
+ 4 .7
-  1 .5
-  6 .4

-15 .0
-11.8
-  3 .8  

0 .0
-  1 . 6
-  4 .3  
+ 2.4
-  2.3  
+ 1 .4  
+ 2 .9 
+ 6 .9 
+ 7 .4  
+ 4 .5  
+ 2 .5  
+ 0 .5
-  3 .9  
+ 2 .5

+14.2 
+ 3 .2  
+ 1 .7
-  3.1 
+ 1 .9  
+ 2 .9
-  3 .9
+ 2 . 2
-  2 .3

“ 6.0
18.9
12 .7  
“ 6 .0  
“6.0  
“6 .0  
“6.0  
“ 6 .0  
“6.0  
^6 .0
6 .7  

10.4
14 .2  
*6 .0  
“ 6 .0  
“ 6 .0  
“ 6 .0

6.3

1 3 .7
13.2 
“ 6 .0  
*6 .0  
“ 6 .0  
*6 .0  
*6 .0  
“ 6 .0  
* 6 .0  
*6 .0  

* 6 .9
6 .8  

*6 .0  
*6 .0  
*6 .0  
*6 .0  
*6 .0

1 3 . 8  
*6 .0  
* 6.0  
*6.0  
*6.0  
*6.0  
*6 .0  
*6.0  
*6 .0

I I  segno * in d ic a  le  r i f l e s s i o n i  non 
o s se rv a te ;  i l  v a lo re  n u ae rico  in d ic a  
i l  minino v a lo re  o s se rv a b ile  n e l la  
c o rrisp o n d en te  re g io n e  d e l lo  sp az io  
re c ip ro c o .

I valori degli indici di a tten d ib ilità  sono s ta ti calcolati su tu tte  le rifles
sioni osservate, ad eccezione di quelle indicate con 0 nell’elenco dei fa tto ri di 
s tru ttu ra , che sono evidentem ente affette da estinzione. I valori dei fa tto ri 
di s tru ttu ra  osservati e calcolati sono elencati nella Tabella I, e le proie
zioni della s tru ttu ra  sui piani ab e bc sono date  nelle figg. 2 e 3.



Fig. 3. -  Proiezione della struttura sul piano bc.

C o o r d in a t e , o r ie n t a z io n e  e  d im e n s io n i  m o l e c o l a r i.

N ella T abella II  sono rip o rta te  le posizioni finali ed i param etri di tem pe
ra tu ra , nonché le deviazioni A dal m iglior piano ; x, y  e z sono dati come 
frazioni di la to  della cella u n ita ria  rife rita  agli assi monoclini, e X ', Y e Z' 
sono d a ti come coordinate in À  riferite agli assi ortogonali a , b e c dovè a 
è perpendicolare sia a b che a c. L ’equazione del piano molecolare medio 
della molecola col centro di sim m etria in 0 0 0  è :

0,679 X ' — 0,723 Y +  0,140 Z' =  o.

T a b e l l a  I I .

Parametri fina li di posizione e d i temperatura, e deviazioni dal piano medio.
!

Atomo X
\

y z X'
±  O.OIO

Y
±  0.008

Z'
i t  0.011 B A

C 1 0,0401 0,1300 0,0941 0,4022 0,6123 1,1486 1,70 — 0,009
2 0,0838 0,2692 0,1916 0,8405 1,2679 2,3292 1,85 — 0,020

3 0,1855 0,4571 0,2206 I ,8604 2,1529 2,2861 2,10 +  0,027
4 0,2460 0,5405 0 , I 521 2,4675 2,5458 1.0513 2, IO — 0,018

5 0,3492 0,7428 0,1793 3,5022 3,4986 0,9761 2,30 — 0,015
6 0,4082 0,8071 0,1099 4,0940 3,8014 —0,2646 2,3.0 — 0,006
7 0,3685 0,6753 0,0131 3.6958 ' 3,1807 — i ,4530 2,30 + 0 ,0 0 6
8 0,2672 0,4774 —0,0157 2,6839 2,2486 —1,4107 2,10 — 0,001
9 0,2^62 0,3940 0,0534 2,0680 1,8557 —0,1635 1,85 +  0,039

IO 0,0991 0,1925 0,0232 0,9939 0,9067 —0,1133 1,70 +  0,004
N 0,0565 0,0656 —0,0700 0,5667 0,3090 —1,2381 i ,55 — 0,012
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Si possono calcolare dalle coordinate della T abella II le lunghezze di 
legame e gli angoli di valenza ind icati nella fig. 4.

L ’errore medio delle distanze interatom iche può essere valu tato  in 
0,024 A.

Fig. 4. -  Angoli di valenza e distanze di legame.

D is c u s s io n e .

L ’analisi s tru ttu ra le  rivela una in teressan te analogia con la s tru ttu ra  
della fenazina [2] ; m a dalle distanze interm olecolari appare un impac- 
chettam ento  più com patto  delle molecole di asym -ap—naftazina nel cristallo 
(che dovrebbe essere parzialm ente responsabile delFosservato aum ento di 
densità di circa il 4 °/0) reso possibile dalla diversa inclinazione della mole
cola.

Per tu t t i  i tre  term ini jdella serie: pirazina, fenazina, asym-oc(3-n a fta - 
zina (Tabella I) l’angolo C— N-—C si m antiene inferiore a 1200, in accordo con 
1 òsseryazione di H am eka e Liquori [8] secondo cui negli anelli eterociclici 
contenenti atom i di azoto l’angolo di valenza dell’azoto è m inore di 120°; 
tale angolo è però crescente, nell’ordine.

T a b e l l a  II I .

Sostanza Dsper. C—C C—N C—N—C

Pirazina ........................ .... 1,206 i >378 i ,334 115,1°
Fenazina. . ................................. 1 >34 1,402 i ,345 n 6 ,6 °
Asym -ap-naftazina............................ 1,40 L 4 i4 i ,342 1180

1,2,5,6 dibenzantracene (monoclino) . 1,282 1,408 — —
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A naloga variazione subisce la d istanza m edia C— C, m entre la d istanza 
C—N non sem bra subire variazioni significative. L a distanza m edia C— C 
nella asy m -a^ -n aftaz in a  concorda (nel lim ite dell’errore sperim entale) con 
quella de term ina ta  da R obertson e W hite [9] nel corrispondente composto 
omociclico 1, 2, 5, 6 d ibenzantracene. Le distanze C4— C9 e C2— C 3 sono rispet
tivam ente la più lunga e la più corta  d istanza C— C in en tram bi i casi (vedi
% • 4>-

/ K

A N \ A \ / n x / \

' v A \ / ' A A x / X

K ) A

Anche la molecola di asy m -a^ -n aftaz in a , come le altre già da noi stud ia te  
(loc. cit.), può ritenersi p lanare en tro  i lim iti dell’errore sperim entale; la devia
zione m assim a dal piano m olecolare m edio essendo 0,039 A  e la deviazione 
q u ad ra tica  m edia essendo 0,018 A. Le distanze interm olecolari corrispondono 
alle norm ali interazioni di van der W aals, e le più significative sono date  in 
Tabella IV.

T a b e l l a  IV. 

Distanze intermolecolari.

Atomo X (A ), Y (A) Z (A) A 1Atomo j X (A) Y (A) Z (A) Distanza (A)

N 10,3502 —0,3090 0,9870 C 10,0507 3,6229 4,3484 5,26

C 3.8307 3,4986 2,528l C 6,4929 6,1564 5,5004 4,07
C 4,4780 3,8014 1,5496 c 7,1393 5,8545 4 , 52I9 3,70
c 2,0349 2,1529 3,1105 c 2,9356 O, IO64 6,8286 4 ,oi

c 0,9193 1,2679 2,70l6 N 0,6198 2,0460 6,0630 3,58
c 3,8307 3,4986 2,528l c 7,1393 5,8545 4,5219 3,89
c 4,4780 3,8014 1,5496 c 8,2714 4 ,9036 4 ,9°54 4,07
c 4,0424

______ 1_
3,1807 0,1847 c I ,0871 5,6167 j 0,3271 3,88

Le distanze date  nell’ultim a colonna si intendono tra  gli atom i le cui coordinate -  in À  riferiti alla cella monoclina -  
sono riporta te  nella stessa riga.
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I calcoli riguardan ti la presente s tru ttu ra  furono eseguiti presso il Centro 
di Calcolo E lettron ico  dell’U niversità  di Pavia, e presso l’In s titu t fu r 
A ngew andte M athem atik  dell’U niversità  di B erna, che ringraziam o per la 
collaborazione. Le curve di scattering1 sono s ta te  calcolate secondo F orsy th  
e Wells [io].
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