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A ';eric,, of  complcxc:,  o(  ..~,LI2-anlint~clhyl)diaziridiucs will] tram, ilion metal -;;fits (Zn 2-. 
( d  2". Ni 2..  Co 2~ , mneL or Fc 2") ,,~crc synthesized.  l h c u  xtructurcs ~,.crc cst:fl-qishcd by IR 
and N M R  spectroscopy. The slructtlrc of  bisl l .2-bis~,2-aminocthyl)diazir idinu)c:tdmium(H) 
dipcrchloratc wa~. COllfirmcd b',' X-my di(lr:lcliol] dllalysls. 

Key word.``;: complex lbrmation. ,"r bi~,l I ,2-bis(2-amino- 
c,hN!idiaziridmclcadmiunl(u) dipcrchhn:ltc, tr;mxiti,,m mct:d salts, X-ray diffraction anabsi',. 

Studies in the field of coordim~tion cllcmistry of 
diaziridines have been ~,tartcd only recently. Howe~er, 
tile preparatiot~ ol this type of structures may bc of 
interest from difforel:I stal:dpoints. First, complcxation 
can be used lor directed spomaneous separation of 
enamiomers of diaziridincs. 1"2 Second, complcxation 
Call promote dil'fcrcnt reactions involving diaziridincs 
through formatioll of complex intermediates. ,,,,hich 
catalyze the process, lbr example, carbonylation (,t 
3,3-disubstitutcd diaziridincs to form aza-[3-1actams. 3"4 
In connection with the data on potential biological 
activity of diaziridincs, 5-7 it is of iutcrest Io stud.,, tile 
biological activit~ of their complexes. In addition, the 
possibilit3, of existence of stable complexes of diazi ridi nes 
with transition metal salts, which arc Lewis acids, is of 
interest in itself because it is knowll that diaziridines 
arc sensitive to acids, s The first representatives of 
those complexes were synthesized by the reactions of 
1,2-bis(2-aminocthylJdiaziridinc ( la)  with salts of diva- 
lent metals, viz., Ni, Cu, and Cd. 9 It appeared that only 
Ni and Cd complexes arc stable. Their structures were 
not unambiguously established (only thc IR and [_JV 
spectra were measured). 

In tile present work, complexes of diaziridinc la and 
I-(2-aminoethyll-2-mcthyldiaziridine (l'b) with transition 
rectal salts, viz., with NI(CIO4) 2. Ni(NO3)2, Cd(CIO4) 2, 
Mn(NO3) 2, CoCI 2, Zn(NO3) 2, and re(NO3) 2, were syn- 
thesized and their structures and properties were investi- 
gated. The salts with pcrchloratc and nitrate anions were 
chosen because the bulkiness of ttlc anions hinders their 
involvement in tile inner coordination sphere. In addi- 
tion, perchlorates and nitrates can form crystals suitable 

for X-ray diffraction analysis. The starting ligands were 
s}nthcsized accordh~g 1o kno,,vll procedures. I0,11 l h c  
cr were prcparcd bv mixing a solution of la m 
propau-2-ol or a solution of ib in methanol with solu- 
tions of the corresponding salts h~ tile :.;an~c :,olvcms. 

As shown m the scheme, comptcxe,~ of lhe SoP.oral 
formulas IM(la)2I-~X - ,  (2a--l') and I M ( I b ) ~ I - " X -  
i3a--e)  wore prepared. The structures of Ihr conlplcxcs 
were cstabli,,,hed based on the d;.l[a o f  e l e m e n t a l  a l l a tys i s  

for C, H, and N, quantitative analytical dctcrn]ination 
of metals and countcrions, and the rcsuhs of IH and 
I.~C NMR and IR spectroscopy. The structure of com- 
plex 2c was also studied by X-ray diffraction analy,4s 
(Tab I,." 1--4). 

The l I{ spectra wcrc nlcasurcd for all complexes. The 
NMR spectra were recorded only lot complexes 2a,c,e 
and 3a,b because the remaining complexes arc poorly 
soluble and the complcx-folnm~g metal cations exilibit 
paramagnetic properties resulting in substantial broaden- 
ing of the signals. 

The IR spectra of complexes 2 and 3 have tile 
l\-)Itowing characteristic absorption bands: stretching vi- 
bratiorls of tile NH 2 group and the N(,.,:.,)--CH2(cxorm_~) 
bond, wagging vibrations of the NH~ group. CH2u.in~ ) 
rocking vibrations, and absorption bands corrcspoltding 
to the anions (see Table 2). The low-frequency shifts of 
the stretching vibration bands of the NH~ group by 
g--145 cm -I for both types of complexes compared to 
the analogous absorption bands of the initial diaziridines 
la,b indicate that tile metal cations arc coordinated by 
the amino group of the 2-aminoethyl ['ragment (aualo- 
gous shifts were obser,,cd in the study '~ and lbr corn- 
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plcxes with cthylcncdiaminciZ) .  Tile involvement  o f  the 
amino groups in coordinat ion  is also cvidcnccd by the 
noticeable high-frequency shifts of  the wagging vibr,tttion 
bands of  the NH 2 group in both types of the complexes  
(the bands are shifted from 905 and O0g cm -I  to the 
region of 1130---I 182 c m - I ) .  

Apparently, splitting o f  thc band at 1025 cm -I be- 
longing to st retching vibrat ions of  tile N,,ri,Lr)-- C H 2(,.:xorin~) 

"fable t. Yield,. and sciccicd charactcrlsiics of the compound<;' 

Corn- Yield gdc~.(>mp F3~tJjl~l____ 1%.) 
plcx ( % I /'~'C C;llculatcd 

x;' M/' C H N 

Zd ,'-;3 130 .: )0-, .!2_:.Jk 2.7+32 6.48 _3_! .2)2 
2S.2g 12.51 27.35 6.38 31.9tl 

Ze 92 158 27~3;~ JJ+.~2 20.7,2 678 :3.!,5A 
27.59 14.61 26.70 6.25 3115 

- - - - -  A ~ = . .  :. 2f ,'t7 I,',;7 4 II 11.7<) 30.92 " ~'  ' "~ 
I-'26 l l.g3 30.72 7.16 2,";.66 

3a 66 2 S O !!. ~(n L'~.3 ~ 23.27 ~ .~1) ~L!_a_ 5 
11.55 1~.29 23.44 5.37 20.51 

3b 31 2 tO ._.'L"Ij JZ:'-~_s~ "9:'_.. ,~ f>~5~ 3_L)J+ 
25.1S 13.2,"; '~ ~'~ .27 ,9._. 6.70 31 

3c 38 I S{) 2.}_?_~ _4; }  _3j.4j 7=.S4 .2<j=3b 
2401 13.63 ~ "~, . _ ~901 3,:._+ 7 69 _ . . 

30 20 220 ~_-?+=Z) LL~:'i __+_%57_ p.+6_9 3.],.(,~ 
25.71 11.4I 29.87 6.$5 31.95 

3e 3o 2o2 ~__6q !.Z_4~ .~5~,';_'2 L.~_3 _!_7A'3. 
232f, i3.,9 36.ii s.27 17.59 

" r h c  synfl'~csis and IR 
ported ptcviously. 9 
]'X b, Ihc anion and M 

spuc l r a  o f  complexes 2a--r  were  r e -  

is l h r  111ci.:11 ~1!.o111. 

bond in the spectra o1 complexes 2 sirnuttaneousbd with 
the low-frequency shill of  one of  these bands is associ- 
atcd with the nOnequi,,;.lluncc of  the nitrogen atoln~ of 
the ring due to coordination only through one of  them. 
In the IR spoctra of  complexes 3. the band of the 
N--CH~, group is sligiltt? shifted to the high-frequency 
region iby t3 - -22  cm - I )  compared  to the anak~gcms 
absorptioll band of  thc initi:tl co inpound ,  while the 
position of  the band of  the Nu.in,e)--CH.~ic~,urm, ~ bond 
changes insignit]cantl.v. Apparently,  the difference in the 
direction o f  the shiti of  lhc N<ri,i,..)--Cl-|2iexori,,,) b.:uld in 
complexes 2 and of  tile shift of  the N(ring)-CH.~ band in 
complexes 3 is associated with the larger strength of  thc 
bond between the NI 2+ ion alld the ni trogen atom 
irlvolved in tile N~.i,++--CH~ bond due to tile higher 
electron densit,,, on lhi% ifitt'ogen , [ I leal  o ' : v m g  t o  t h e  

e lec t ron-donat ing  cftiact of  the methyl  group. Based on 
these data, Jt can be suggested that the nitrogen atom 
botnld to the mcthyl group serves :is the second coordi-  
nation center  for the metal cation in complexes  3. The 
shift of  the rocking vibration bands of  the cyclic CH+ 
group to the low-frequency region by 4 - -55  cm +l may 
bc indicative of  the formation of  the bond between the 
metal cation and the nitrogen a tom of  tllc ring in both 
types of  the complexes.  The IR spectra of  all pcrchlor- 
ate complexes  have absorpt ion bands  at 1080 and 
610--645 cnl-)+ which arc typical of  the C]O 4 ion. 
whereas tile IR spectra of  the nitrate complexes  have 
intense absorption bands :.it 1350 cm -I  belonging to the 
NO.3 " anion, 

In thc IH N M R  spcctra of  c o m p o u n d s  la ,b .  the CH 2 

group bound to the diaziridine ring is manifested as an 
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TaMe 2. Sclccled vibration frequencies (V/CII1 - I  } and their ass ignmcnt  in the I R spectra of 1,2-bis(2-anml{:,elhyl)diaziridinc ( l a ) .  
I -{2-anmw, ctllyl)-2-metl'L',IdiazirMinc l ib ) ,  and their comf}lc',.o, 2 alld 3 

( 'o re -  v ( N H ? )  mINFI)} ','(N,,}~a--(TH21c,,,r,,_..!) v iN. , .~ : - -Cl tO p CH2{...n.sl) v(IX,12~--NI 
pt}und 

la 3370 s. 3290 ,;. 3190 sh 908 '~ 1025 :,h -- 796 sh 
2d 3323 s, 324{1 ,4h. 3182 :,h 1178 sh 1~}40 ,,h. 1017 ,,h -- 790 s 
2e 3327 s, 3260 sh. 3203 sh 1182 m IO45 sh. 1022 w -- 789 m 

2f 33{)3 s, 3187 s 118{} m 1028 m, l u l l  m -- 792 s 
Ib 3365 s. 3290 s. 3t90 ~h 905 s 1045 Sll 1055 s 875 ,, 
3a 3269 s. 3148 m 1130 m 1043 m --. 820 m 
3h 3267 s, 3145 m 1135 m I050 m 1071 m 825 m 
3c 3268 s, 3152 s 1133 m 1046 m 11}68 m 830 m 
3{i 3272 s, 3151 m 1145 s 11)48 Ill 10"77 m 835 nl 
3e 3270 s. 3150 m 1140 s 104{} m 1075 m Y.35 w 

60;'; m,  513 w. 467 m. 432 m 
623 m.  525 m. 478 m, 
437 m, 426 .',11 
623 m. 532 s, 4X~ m. 447 m 

520 m. 376 m. 31)4 w 
415 m.  336 m 
530 m. 457 m. 394 m 
508 m,  336 m 
464 m 

,%,'r v. s t re tching vibr,,,tions: o}, ',;agging vibralions: p. rocking vibralion:,.; ,4, Mr{}ng band: m, medium band: w. weak band: ,,h. ~,h{}u!dcr 

'l'ahle 3. The  IH and l ;C N M R  spct2tr:.} o f  1.2-bi,,{2-aminocfl'Iylidinziridinc {la}, l -{2-anmlucthyl) -2-n~clhyldiazi r ld inc  (Ih}, and 
their complexes  Z and 3 in D-,O 

Con>  6 ~.//ltz~ 

pou lid ~ N 
H , ~ ,  I N - - C l l , - - C  C - - C  FI~-. N H :, N - Mc 

III ~C ~1-t t~C ~1-t t3 C Itl i;(, 

la 2.75 s 55.18 I 2.35 m. 2.65 m 6(1.88 t 2.82 m 38.62 I 
Ib: 2.63 (AB, 2.1 ;-: 5.4) 57. II i' 2.76 m 4t.O2 t 2.30 m. 2.60 m {:,339 1 
2a 2.78 t)r.s 2.25 m. 3.16 m 2.66 m 
28 3.21 br.s 55.51 I 2.25 br.m. 3.48 b r m  6 0 5 2  t 3.32 br.s 39 54 t 
2e 3.24 br.s 56.25 ~ 2.39 m. 3.27 m 59.14 I 3. tO m 39.90 I 
3a* 2.84 (AB. 2d = 4.8} 5721 I 3.20 m 4{}.11 t 2.51 m. 2.92 m 60.17 ! 
3h 2.95 (AB. 2./ ~ 5.5} 3.42 m 2.O5 m, 3 11} m 
3s* 57.45 t 3 9 2 3  t 57.1q I 

2.41 ,, 47.B5 q 

2.52 s -17.74 q 
2.,55 s 

47.57 q 

�9 i~(., N M R  spect ra  in [)NlS()-d 6 

TaMe 4. Pr incipal  bond !cngths {d) and b o n d  angles ((o) in his)1.2-bi, . ,(2-amin~acthyl)di:lziridinc]cadnmml(u} dipcr{.:hloratc (2cl 

B{md ,:,(."A Bond d,'A Bond d/A 

Cdll  }--N( I } 2 3{)l){F,} N ( 2 ) - C { 4 )  
Cd{I) - -N{2} 2.36416} N(3)--C{3~ 
Cd( I ) - - N ( 3 )  2 35(}(7} N14)--C(5)  
Cd(l  } - N ( 4 }  2.459{% N(5)- -C{6)  
( d { I  }--N(5)  2.337{b1 N(5)- -CI7}  
Cd( 1 }--N{6) 2.402(6) N(6)- -C{6)  
N ( I } - - N { 2 )  1 4611) N{6)--C(9} 
N~,5~--N{61 1.41{I) N(7)- -C{8)  
N~ t i - -C{  I) 1.46/1) N(8)- -C( I0)  
N{ I } - -C(2)  1.52I l i  N{3}- -H{7)  
N(2)- -C( I  ) 1.42{1) N ( 3 ) - - H ( 8 )  

49{ I} N{4}--t-I(13) 
.47(I) Nt4) - -H(14)  
.46(I) N{7}--H(21) 
.3912} N{7) - -H{22)  
.52( I } NtS)--I-I{ 27} 
.40{ I) N(8}- -H(2~)  
.51(I) C{2)--C(3)  
.46{ I ) C(4)- -C{ 5 } 
.431 I) C 1 7 ) -  C{8) 

L94 CI9)- -C{  10) 
().98 

Angle 0Kdcg Angle {0/dog 

N ( I ) - - C d t  I ) - - N ( 4 }  $6.6(3} 
NI I ) - - C d f I  ) - - N ( 8 )  104{}(3} 
N(3) - -Cd(  I l - - N ( 4 }  89.2t3) 
N{3)--Cd( I ) - -N18)  88.2~2} 
N(4) - -Cd(  I ) - - N ( 5 }  89.5{3) 
N(4I --Cd( I ) - -N{7)  97.8{ 3) 
N ( 4 ) - - C d ( I } - - N { 8 )  167.9(2) 
N{5t--Cd(  I ) - -N{8)  81.0{3) 
N(7)--Cd{ I ) - -N{8)  86.7{ 2) 
N{ I} - -N(2}- -C{  l) 6{}.715} 

N ( 2 ) - - N { I ) - - C {  l} 58.2{5) 
N{2)--N{ I } - - ( ]2}  107.3(6) 
N{5) - -N{6) - -C(6)  57.9(7) 
N ( 5 ) - - N ( 6 ) - - C ( 9 }  109.(}(7) 
N(6) - -N(5) - -C(6 t  62.9{7) 
N ( 6 ) - - N ( 5 ) - - C I 7 )  109.1(8) 
C( I )--N( I "J.-C(2) 112.7{7} 
Ci I ) - -N (2 ) - -O4)  114.0{5) 
C(6) - -N(5 ) - -C17)  111.8(9} 
C ( 6 ) - - N I 6 ) - - C 1 9 )  112.618) 

O.B2 
0.,Sq 
092  
0.83 
0.99 
0.79 
1.49{2} 
1.47{ I ) 
1.50{2} 
1.50{2) 

Angle mideg 

N{I J - - C ! 2 ) - - C ( 3 )  108.318} 
N{21--C{4)- -C{5)  111.1{7) 
N(31--Ci31--C{2} [ 12 1{8) 
N{4}---C15 }--C14) I 12.3{ 7) 
N I 5 1 - - C { 7 ) - - C ( 8 )  1{19.3(9) 
N~'6)--Ct 9):--C{ I{}) 109.3(7) 
N ( 7 ) - - C ( 8 } - - C { 7 )  110.0(8) 
N ( 8 ) - - C ( 1 0 ) - - C { 9 )  113.1(S) 
N( l i - -C{ 1)2_ N(2)  61.1(5) 
N ( 5 ) - - C ( 6 ) - -  N(6} 59.1(7} 
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l i t  

!) 

) 
4) 

Fig. I. Ovcralt view of the molcculc of  biq 1,2-1"fisl2-arnino- 
cihyl)diazir idi i lc[ccldlniuntt i l t  diptrchloratc t2C) 

ABX-, system, troll In the IH and 13C N M R  spectra of  
complcxcs  2 :.llld ol with these ]igal~ItiS (SOItlliOIlS In D-O 
or D M S O - d a ) .  all signalx are not iceably  shifted, which is 
i nd ica t ive  o f  comp lcxa t i on .  Tak ing  i n to  account  that t i le 
metal  ca t i on  i l l  complexes 2 is coo rd ina ted  by tv~o 
: i l l l i i l o  g f o u p s  :_irld ollt.' ni t rogen a t o l n  o f  the ring, w h i c h  

W3S asstlFltcd b;iscd OIl an:ll.vsis o f  the 1R spectra, two 
ABX 2 systems would be expected to appear dec to the 
noncquiva lencc  of  the nitrogen a toms  of  the ring. How-  
ever. this s i tua t ion  was not ac tua l ly  observed. Ev idcn t l ) ,  
the e q u i l i b r i u m  coord ina t io i l  o f  the n i t rogen a toms o f  
the d iaz i r i d i nc  r ing to the metal  ca t i on  exists in soh l t ion .  

The structures of the complexes  of  type 2 were 
ccmfirmcd by X-ra,. diffraction s;tudy of  bist l+2-bis(2- 
anl inoethyl ld iaz i r id inclcadnl ium(l l )  diperchtoralc (2c). 
111 tile co,  sial structure of  conK)ound 2c. the structural 
units are the comp!cx cation Cd(N4C~HI4)2I :~ and two 
crvstallographicalt.x, noncquivulcnt C IO4-  anions (Fig. 1). 
According to the X-ray diffraction data,  the Cd ?+ ion in 
complex 2e is coordinated by two ni t rogen atoms of  the 
N(--I, groups and two nitrogen a toms  of  the diaziridinc 
rings o f  two different 1,2-bis{2-ammoethyltdiazir idirm 
molecules.  "(he CdN~, coordmat ion  polyhedron is a dis- 
to r lcd  o c t a h c d r o n  (ihc ave rage  d e v i a t i o n  of" the  
N(I ) ,  N{3), N(5J, N(TL and C d ( l )  atoms (toni the 
plane is 0.10 A; the axial N(4 )N(8)  tint is inctincd 
tO 1he equa to r (h i  plane at an ang le  of  86~ In 
the 1 ,2 -b i s (2 -aminoc thy l )d iaz i r id i r l e  molecu les ,  Ihc 
2-aminocthyl  substitucnts arc trans-c)ricntcd with rcspccl 
to the plane o f  the hcterocyclc (the C ( 2 ) N ( I ) N ( 2 ) C t 4 )  

and C(7)NI5)N(6)C(9)  t o rs ion  angles arc --146.~ and 
149.4 ~ respect(vet)).  The  geome t r i c  puramctors o f  the 
2 -am( i l l )e thy l  subst i tucl l ts  :.li~d the CIO4- anions are 
close to tile standard '+alucs. The  principal bond lengths 
and bond angtcs arc given in Table 4. 

Based on the similarity o f  the spectral characteristics, 
o f  all complexes studicd i l l  the prcscitl ,a, ork. it Call bC 
a s s u m e d  thai  tile COlllp]cx c a t i o n s  ill ;.Ill c o m p o u n d s  in 
the crystalline state have octahcdral  strtlcturcs identical 
to  that established by X-ray d i f f rac t ion  analysis of the 
cadmium pcrchlorate complex .  

Experimental 

The I R ";pcclra were recorded on a t JR-20 spcclrolllcicr hi 
KBr pellets, fh0 IH and I~C NMR s, pcclr:l wore illc~lstlrt.'d Oil 
Brukcr WM-251) (250 M l i z )  and Itrukcr AM-lilt) !75.5 M1iz) 
�9 +;p'2ctromctcD. ics, pcclivt.,ly, wii i l  ,Mc'Si4 ;is Ihc i l l iCl i la[ Md l l da ld  
FLC v<a,, carried ouI oll Silufol UV-254 pkitcs; ~polx ~crc 
visualized ~'ilh 12 ~apor mid indcptudcul ly  b} S Dl:.i)iilg the f L C  
phl lcs wi th  a ";OiUliOII Of diphcn)lar l l inc in at;t ic(it  tbllowcd by 
heating ot  the plates /Mc( ' )H- - -H, ( ) - -NH~ tix ihc ehicllt; 
93 : 5 : 2 v,'v). I hc  decomposit ion Ir162 O[" the coJn- 
plc, xc~ wcr'2 dclcrll-liilcd till Cl BOCIiLIS Prim K fig hl,,lfunlcill. 

Synlhesis of  climp|exes 2 and 3 (general procedure), A 
solu l i t l l l  e l  I~h<,. ' Ctll'rC~polldiilg salt ((i.()2 inot i~.tr la  or iI.IJ3 i l l t l l  
for  I l l )  ill l t t  i l iL o f  p rop ; l l l -2 -o l  (i;.~l" la)  or I l lc lh3i lo]  Ill,i" Ib )  
was ;.Iddtd It', 3 :,OItlliOil Of 11/7 cor rc~pondmg 12-an lh lor  
clziridine la ,b  I1)01 mo l l  in the sciillc ,;olvcill ( I l l  In[.) .  The 
rr illiMtll(., ,,va~ s l i r rcd ~i! _1) ~C ior  I ! i - 1 5  (1 l i l t . - [hc  
prec ip i ta te  ttial i~.'ll-IllCd w:i% l ]hc rcd  e l l \  ,a,'tlsllc.'d w i lh  lhr cc)rlc- 
~,pondinLz ~olVClli. aild d l i cd  ill air. 

X- r : , y  diffraction study ~lf laisl i , l - b i s ( 2 - a m i n o e t h y l ) d i a z i r i -  
dineicadminmtn) diperchlorate (2e). X-t';I}" diflrclcliof dRl3 WCl'C 
collccl'2d oil ;Ill aLilOin:llCd [nral '-,Nonius CAI)-4 dillracloinm!cr 
( kt Me- Ko'.i radialiOll, graphite nloNtlchrolllalOr. 01'20 ~Cailllil l 7 
technique. 0nl:~ ~ = 3tPL A lol:.il o f  3416 rel]cciiOllS wmrc llica- 
,+tired of v, hich 2~$3 illdcpclldcill rcllccliOll'< vvt:rc ,.~.ith / " 30. 
I-I1r c'rpsl:lls ,llC l ) l l ho rhomb ic :  a = 9.23Et 5 ). h = 16.494171. c = 
14.31t)(7) A, 1"'= 21HI.7i9) A ~, illOlCL:tll;ir wcighI 5717. sl')clcc 

group  Pbc2 I, Z = 4. d:.aK = 1.74 g r  -~. /q()l)0) = l i(, iL 
l-I = 1,29 r  - i  

- fhc slrt lcl l l fC v,d:, solved by the direct inc lhod ;ll ld roll(led 
by ihc full-matrix lcasl-sqciarc,; i l lc tht td with al l i~olroplc lhcr-  
nKit I): ir; l l l lqlcp, (or i lOlli l.vdr(igoil algln.,. Tile poMlitlli~, o f  II/,2 H 
al l ) i l ls Of l~]'lc' dinlllO gfoup~ *er(.' IOmaled I ]om the difl~2ftncc 
e l cchon  dcnsiIy ":..',nthtsis. The posilion.~ o f  the I'c'rlldiillil 7 H 
atoms wurc calculated trom crystal-chemical con.'.,idcratlons. All 
H atoms weT,2 included in lhe rc|]ncmenl with t i \cd thermal and 
posi l i tm: l l  par:.lmClc'rs. The l~rl:ll R f;.Ictor was 0.0401, wR = 
0. 113, and GOOF = 1.t)57. All calculations w~'re pcrlbrnlcd OI1 
Llil IBM P,2nlitinl computer with the use of the SHFLXTLO3 
program package. 13 Th,2 complete tables of tile atomic r 
II:+IICS alld [he gCtllllClric pcil-amclcrs were d,2po~dlcd V+lih tl!r 
Cambr idge  Struc lu la l  [7)ahtbase. 
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