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IR SPECTRA OF Bo(IO~)~.~H~O (n = 4,O)MD OF THE 

DEMERATED MlALOGUE 
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M. Yaneva, La. Georgiev 

Department of Inorganic Chemistry, Higher Institute 
er Chemical Technology, 1156 Sofia, Bulgaria 

SUMMARY 

The compounds of  berylli- - Bo(IO~)~.~H,O, ito 
deuterated analogue and B o ( I O ~ ) ~  were etudied by IR- 

8peCtrOECOpJ over the range or 200 to 4000 Cm-'. 

The presence was unequivocally proved of  two 

structural groups making up Be(I03)2, nemely, the regular 

tetrahedron o f  [ B B ( H ~ O ) $ ~ +  and the 103 ion which ir with 

lower symmetry. 

In Be(I0 ) the tetraherdal coordination of Be2+ w a s  3 2  
rea l i zed  through bidentate ooordination of the iodate 

groups, which laver8 the point group symmetry to C,. The 

data alee indicate disrupted .metry of the other struot- 

ural group, namely Be04. 

There were no X-ray or spectroscopic data In pertinent 

literature about the beryllium iodate-hydrate and the an- 

hydrous srlt. The recording and interpretation of  their IR- 

spectra i n 6  of iatereet, because the data obtained can 
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832 MANEVA A N D  G E O R G I E V  

provide infornation about the state of the structural 

graups making up the compounds, as well as the interactions 
between them. 

EXPERMEPFAL 

Bo(IO~)~.~H,O was initially obtained as described 

earlier'. The deuterated analogue was obtained by the dis- 

solution sf Be(I0 ) 

over concentrated H2S04. This operation was carried out 

twice. Strict observance of the conditions wan necessary 

in order to avoid the fomatlan of a greasy aase. The an- 

hydrous Be(IO3l2 was isolated by thermal dehydration of 

B0(10~)~.4H~0 at 280%. The sample was heated at thia tem- 

perature f o r  two houre and then kept under dry argon to 

avoid the absorption ef moisture from the air. Under these 

conditions B o ( I O ~ ) ~  was obtained In a crystalline state. It 

was isolated, identified and investigated by us for the 

first time. 

in heavy rater and recrystallization 3 2  

The compounds obtained were identified by the methods 

of quantitative analysis described2 s3. Their IR-spectra 

were recorded in an interval of 4000 cm'l to 400 cm'l in 

tablets of KBr, a leo  from 400 em'' to 1500 cm'l in Hostaflon 

and from 1500 cm'l to 250 cm-l in euspension of IJujol. A 

comparison between the spectrum in IJujol and that recorded 

in KBr tablets revealed that the very weak absorptions of 

Nujol at 720, 650 cm'l did not affect the strong absorption 

bands observed In this region in the spectrum of the inves- 

tigated compound. 
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I R  S P E C T R A  OF B E R Y L L I U M  COMPOUNDS a33 

TABLE 1 

Data from the IR spectra of Be(IO3l2.4H20 and Be(I03)2.4D20 

3180 w 

3040 8 

2930 a8 

2250 w 

1660 m 

1630 w 

990 m 

860 aw 

795 w 

780 s 

760 s 

740 s 

725 eh 

620 BW 

390 w 

360 w 

340 8w 

315 w 

2370 w 

2250 bl 

2190 88 

1215 

890 m 

645 w 

795 w 

770 s 

760 s 

740 s 

560 w 

465 w 

390 w 

360 w 

340 BW 

305 w 

1.34 

1.34 

1.34 

1.34 

1.12 

1.33 
- 

1.33 

1.34 

1.03 

vvw, H20 
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0 34 MANEVA A N D  G E O R G I E V  

TABLE 2 

D a t a  from the I R  spectra of B o ( I O ~ ) ~  

The apectra were recorded with a UR-10 Zeisa, and from 

400 cm'l to 200 cm'l with UR-75. Fig. 3 preeente the 

diagrams showing the interplanar distances of Be(103)2.4H20 

(a), Be(103)2.4D20 (b) and Be(IO3I2 ( c ) .  

EKPERIME#TAL DATA AND DISCUSSION 

The abaorption bands of Be(I03)2.4H20 and of the 

deutereted analogue are presented in Table 1, while thoee 

of the anhydrous product are pregented in T a b l e  2. 

Fig, 1 a,b shows the spectra of pe(103)2.4H20 and of 

Be( 103)2.4D20, respectively, in Ithe interval of 1000 em'' 
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IR SPECTRA OF BERYLLIUM COMPOUNDS 835 

I 

200 300 400 500 600 700 '000 u, cm-l 

Fig. 1. IR spectra of: ( a )  Be(IOj)2. 4H20;  ( b )  Be(103)2.4D20. 

to 250 

for the name interval. 

while Fig. 2 shore the e p e c t m  of Be(IO3l2 

The interpretation of the 8peCtra in relation to the 

rtruatural groups m a k i n d  up Be( 103)2.4H20, namely, 

[Be(OH2)4] 2+ and 105, was difficult due to the identical 

range in which their IR-active n o m l  vibration. appeared. 

Thue YJ(E)  end $(A1) of 10; and v (F2) of the 
aquaeomplex muat appear in the range of 700 - 800 em-', 
while the bending vibration8 v4(P2)  

y (E) of 10; met appear i n  the ramgo ef 350 - 250 cm 

of [Be(%O)d2+ and 
-1 . 
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836 MANEVA AND G E O R G I E V  

I 

111111111 
1000 800 600 LOO 200 ycm-1 

Fig. 2 .  I R  s p e c t r u m  of  Be(103)2. 

It was d i f f i c u l t  t o  d i f fe ren t ia te  between them on the 

banis of the  i s o t o p i c  s h i f t  which w a s  very small for the  

aquacomplex - about 1.1 t o  1.05. Hence information about 

the symmetry of these graups could be obtained from t h e  

number of absorption bands observed in the above ranger, 

ae well a s  from t h e  prenence of o e r t a i n  o t h e r  vibratione.  

For instance,  i n  the  s t rong absorption band observed 

between 800 - 700 em-’ it m6 ponsible t o  reoord very well  

the maximuma a t  795 cm‘l, 780 om-’, 760 cm-’ and 740 em’’, 

These same maximums, withaut any e s s e n t i a l  ahanger, were t o  
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I R  SPECTRA OF BERYLLIUM COMPOUNDS 837 

F i g .  3. Interplanar distances o f :  (a) Be(I03)2. 4H20; (b) 

Be(1O ) .4D20; ( c )  Be(103)2. 3 2  

be observed also in the spectrum of the deuterated sample. 

However, their number wae indicative of disrupted ,symmetry 

of one of the groups examined. 

The question "Which one of them 7" may be answered by 

the fact that the abaorption band Y,(A1) of [Be(H20)4]2+ 

was not found in the tapectrum at 540 cm-l. This ia consid- 

ered as spectroacopic proof of the regular tetrahedral 

synrmetry of the aquaoomplex, since the vibration V,(A1) 

was IR-active only  upon a decreaae of the Td symmetry. 

Therefore, only one of the four vibrations of the examined 

range belonged to that ion. According to data from pertl- 

nent literature 4-10, most probably this 18 the maximum, 

with average inteneity at 780 cm'l. 
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030 MANEVA A N D  G E O R G I E V  

The remaining three vibrations belong to the 103 ion, 

Y3(E) vibrat- namely, 795 cm” and 700 cm‘l of the split 

ion, while 740 cm’l belongs to 

latter vibration was relatively low, acaording to data 

publiehed about the free ion, with symmetry C3v. However, 

such values have been observed in iodates of other metale 

(A1). The value of the 

11.12 

Further information about the state of the two etruct- 

ural groups was given by the abeorptiona in the range a f  

350 - 250 cm’l. In this case the spectrum showed three 

abeorptions - at 360 cm’l, 340 cm’l and 315 cm’l. An iso- 

topic shift of 1.03 corresponded only  to the latter, and 

that was why we ascribed it to 

The first two were component6 of 

twofold degeneration had been eliminated. 

Yq(E) of the aquacomplex. 

V ? ( E )  of 103, since its 

Ensuing from the data diacussed it ie poerible to 

draw the conclusion that while 

in the crystalline structure of Be(103)2.4H20 with regular 

tetrahedral coordination (86 in the case of Be(C10q)2.H20 

3*4), the position symnetry of the I03ion ie lower, 1.9. 

the spectrum shorr mix IR-active vibrationr belonging to it, 

eince the degeneration ie eliminated for Y J ( E )  and V + ( B ) .  

[Be(H20)4] 2+ participate68 

The atate of the coordination water in Be( 103)2.1H20 

was characterieed by means of its stretching, bending and 

librational ribratiane. In the bread abeorption band due to 

the stretching vibrations of the water it m a  possible to 

record maximum8 at 3180. 3040 and 2930 am” (Table 1). to 
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I R  SPECTRA OF BERYLLIUM COMPOUNDS a39 

Which ab8OrptiQn8 d t h  i8Otroplc #hilt 1.34 - 1.35 comer-  

ponded in the upactrum of the deuterated ea~eple.  

Tho ahoractor and the porlt lom of the ab80rpti.a band 

exaalned indlcatod p a r t i c i p a t i o n  of tho rater noleculor  in 

atrong hydrogen bondr, am war t o  bo oxpectod In TIOW of the  

oovalentoharacter of t h e  

plox. Thi8 covalercy doterminod a conrldorablo r o d i r t r l b u t -  

ion of tho oloatrbn donrl ty  along the OH-bond, henco an 

increaro of tho p o r l t i v o  chargo of tho hydrogor lon,rrhloh 

i r  favonrablo for it8 imteraotion r i t h  the adjaoont protom- 

aaaoptor p a r t l o l o r  and for t h e  formation of r t r a n g  hydrogen 

brldgor, It l r  q u i t e  por r ib lo  tha t ,  in tho  p a r t i c u l a r  care 

13, thoy l e a d  t o  protonat ion of tho  coordinatod -tor r e l o -  

oule.. 

Be +- OHp bond8 in tho aquaoem- 

liernvor, If t h i n  i r  no, tho rpoc tma o f  tho compound 

murt #her abrorptiona o h a r a c t o r i r t i o  of tho v ibra t ion8  of 

tho  bond I - 0 - H , namoly, abrorp t loa  in tho rango around 

1100 - 1200 sf ( I - O H )  and 640 ern-’ Qf Y ( I - Q ( H ) ) .  

Their abronoo, howovor, m10r out  tho p o r r l b l l l t y  fer oom- 

p l a t e  pratenat ion sa tho r a t e r  moloculor i n  tho invo8t l -  

g a t o l  aompoud, porhapr due t o  tho  preronoo of a o r t a i n  

mterla fao tor r .  

In t h l r  car., from tho p o r i t l o n  of tho  rtrotalalmg 

v i b r a t i o n  y ( O H )  it  16 c l l f f icu l t  t o  aa loula to  tho onorgy 

of tho hydrogon bead# which B.vo morged, booauro both thoy 

a d  tho  ooordlnatien of tho -tor ro leoulor  around Be act 

~ l v a l o n t l ~  on It. Tho oharactor  of t h o i r  p l r n a r  bonding 

vibration ( 6‘(%0)) o b r o r ~ o d  ar abrorp t len  band r i t h  
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840 MANEVA AND GEORGIEV 

m e u h u m r  at 1630 ca-’ and 1660 om-’ l r  a rpectroecoplc 

criterion for the prerence In the rtructure of the compound 

o f  two typer of crjrtallochenloal unequal rater noleouler. 

Infezmation on tholr ryauaetry I 8  ebhairod from the 

llbratlomal rlbratlonr ( yr m d r u ,  ) obrerred in their 

rpectrum. They are well maniferted in the rpectrum of the 

deuterated ample free from ether abrorptlonr. Thur the 

abrorptlon at 645 omo1 for D20 and the one corresponding 

te it at 860 ca’l for H20 with Iratepie rhlft 

may be arcribed to yp( ~ ~ 0 )  , while the other two apperr- 
In(: at lower frequenaler (560 omg1 1ud 465 am” for D20 and 

at 725 on-’ and 620 om-’ for H20) can be arcribed to 

Tho one more vibration oxpeoted of the yPr type w a ~  

not to be obrerred, probably due to orerlappw rith another 

rlbrat Ion. 

Yn/,,D= 1.33 

The librational ribratlonr reoorded l a  tho rpeotnu 

p f  Be(103)2.4H20 were of low lntenrlty due te their I m e d l -  

ate proxlmltyb the broad abrorptlon reulon of the mtretch- 

inc; ribratlonr of the t m  rtruotural POMP# b0(820)412+ 

and 10;. Accordhg ta Klrken & Robinroa 14the number of 

librationed ribratlor8 obromed confirm the prerenee of 

two tjper of rtruoturallj dlfforeat rater meleculer parti- 

cipating in different tjper of H-bond8 ef the kind ef 

%O ... %O and 031 ... H20. The proronae of arymmetrlc 

water moleouler war prored by the dirrupted dlfferonae 

between the rjmaetrlc u d  arymmetrlo atretching ribrrtlonr 

of the OH groupr, namely, A Y =  250 omo1, am roll am by 
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I R  SPECTRA OF BERYLLIUM COMPOUNDS 841 

Teller-Redliah’a rule (0.56) and by the character of the 

F(HD0) vibration which appeared npllt. 

In the 8pectnur of (Be(H20)4] (IO3l2 there was absorpt- 

Ion with meea intensity at 990 omo1 for H20 and at 890 

em-’ for D20, with iaotopic shift 1.12. According to 

F. Bertin’ thi8 abeorption 18 ascribed to the librational 

ribratiOE8. Having in mind the value of the calculated l r o -  

topir 8hlft and the fact that moh ab8orption was not to be 

observed In the apectrum of the anhydroum product (Table 1). 

it follows that this waa not a cale of vibration of the 

water molecule. 

It is more verisimilar for thie abaorption to be 

related to the ribratlone of the Be-OH2 group. Thir wan 

confirmed by the fact that it was to be observed a l n o  In 

the rpectra of other beryllium hydrates3 * I .  

The apectrum of the anhydrour B o ( I O ~ ) ~  m a  rich In 

ab8orption bandr in the range of 900 am” to 200 ca” 

(Table 2, P i g .  2). However, It8 interpretation calls for 

taking inte account aertain electra8tatic con6ideratione 

amording to which the anhyelroua salt may be realiced by 

the formation of BOO4 totrahedrons at the bidentate Coerdi- 

nation of 103 around Be2+, whereby the flrrt one6 m e  

arraaged In such a manner a8 to pr@vj.de for local coapen- 

aatian of a l l  charger in the ajatem. Conmequently, the 
.peat- of Be(103)2 muat 8how IR-aCtiVe vibration8 Of 

the two rtructural group8 BOO4 and 10;’ the latter being 

bidentrte aonbined. Aaaerdlng to published data9 *11 *14 
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a42 MANEVA AND GEORGIEV 

their normal vibrations lie precisely in the range of 

900 cm-l to 200 cm-l, 

If we begin the interpretation of the spectrum with 

the obrerved abeorption band at 540 em-’, which may belong 

to the aJmaetrio stretching vibration %’,(A1) of Boo4 and 

which ia IR-active only upon dierupted tetrahedral rynunetry 

of Be04, it fol1aw6 that the other two normal vibrations, 

Y3(F2) and 

their degeneration will be partially eliminated. Conee- 

quently, f ive  of the absorption bands obrerved in the 

spectrum will belong to Be04, two of  them lying in the 

range 

cm 

Y4(F2), will also appear as twofold split, 1.e. 

around 700 - 800 cll-landtwo in the range below 300 
-1 15 

On the other hand, the bidentate coordination of 10; 

determined a deorease of its point symmetry to C, (the lo- 

cal one could not be deternined, and them were no data for 

the space group), that in why the spectrum murt show six of 

it6 IR-active vibratione, namely8 %!,(A1), %(A1), V3(B) and 

y4(E),  the last two being split. Their degeneration war 

eliminated and they appeared with two absorption band6 each. 

Consequently, in addition to the band8 of Boo4, the range 

of 850 - 600 cm-1 will ahow also three bands of 10; - 
Y,(Al )  and two components of 

350 - 250 cm” alro two Y4(E) I03. 

of other iosater BtUdied 11,12, it is poarible for the ab- 

eorption band obrerved at 440 em‘’ t o  be ascribed te y2(Al),  

Y ( E ) ,  while in the range of 

Having in mind the data published about the IR rpectra 
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I R  SPECTRA OF BERYLLIUM COMPOUNDS 043 

while thoee at 780 cm-l, 730 cm-’ and 675 cm-’ accordingly 

to YJ(E) and lJ4(Al). The differention of the latter is, 

however, unreliable. 

Belonging to )r4(E) of IO;, duly split, were aleo the 

two absorption bands in the lower range, and It ie precieely 

to them that we .ascribe the vibratione 410 em” and 390 

cm-’. The latter were higher in valuee than had been 

expected, and to all probability thie war due to the influ- 

ence of the vibration8 

close to the former onee. A n  analjsia of the published data 

about the I R  mpectra of beryllium compounds - hydrate8 con- 
taining the Be04 group - ahowe that t e  the80 tibratiam 

below the absorptione at 340 cm-l and 305 ern-'* while to 
Y3(F2) belong the absorption bande at 880 ern‘’ and 830 em-’. 

v+(F2) of Be04, which must appear 

Finally it must be pointed out that the identification 

of the nonnal vibrations of Be04 and 103 may involve cert- 

ain inacouracies, but their number fully coincides rith the 

one determined on the baeis of the exiating eymmetry of 

that group. In the future, it will be poeeible to resolve 

quite accurately certain problene, after some X-ray data 

about Be(103)2 hod been obtained. 
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