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THE INFRARED SPECTRA
oF soME METAL (rr) AMMONTUM

PHOSPHz\TES

Introduction

_ The infrared spectra of metal (II) ammonium phosphates
havc not received, enough, attention. The only infrared data
concerning his interesting group of compounds are those of
Corbridge and Lowe (1). In their article on the in-
frared spectra of some inorganic phosphorus compounds the
authors report the frequencies of the absorption bands
of MgNHaPO4'6H:]O and o,f FeNH*PO* .H:O. Whereas the
lrequencies reported for the latter compound are reasonably
close to those rve report here for the monohydrates of some
other metal (II) ammonium phosphates, the frequencies for
lrzIgNHrPOa . 6HrO do not agree r,vith our values.

Experimental
"fhe compounds studied were prepared by double de-

composition ol metal (II) salts (chlorides or sulfates) and
(NHr)z HPOa , the experimental conditions being similar to
ihose descr.bed by Etienne and B oull6 (2). The spectra
of the sample in form of KBr pressed discs were recorded.
using a Perkin-Elmer 221 infrared spectrophotometer.

Results

Table I summarizes the absorption frequencies (in cm-t)
of MgNH.POI .6H, (I), NiNHrPO4.6HzO (II), MgNHnPOo.
'H':O (III), NiNH4PO4.HrO (IV), CoNHrPOa.H,O (V),
MnNHTPO. .HrO (VI) and ZnNHnPOi (VII), as well as
tentative assignments for the main absorption bands.
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TABLE I

lnfrared sp€ctra of some metal (II) amnzoniu?n phosphates*

IVIII VI \/II Assignment

-l

3590
3500
3250
3100

2930

2320

I 750

167 5
r 600

r465
1 145
1 430

3-l.,r{i s}r

3200 s

31 1t) s

29:{) s

17tiO vrv

i riTt) m
l(iti{l m

1+DJ Srl

144? s

1-{i):i sh

I 2 3:i vrv

l0(ll vs

9i(l sh

. itl s

3-130 s

5210 s

3{)-1C s

2920 s

2765 s

2350 m

1950 vrv

1660 m

i510 sh
1.132 sh
1-175 s

l,1u'i2 sh
1i,tr0 sh
llR) q

i-{25 sh

1515 vw

li00 s

1085 s

105.tr vs

970 vs
951 s

775 rn

,).lil.1 5

32()5 s

5l)30 s

lii9i s

I ir';S s

2340 vw
1900 v$'
i 70i r';

I tll 5 r'rr'
Iil0 sh

1.170 s

1+OJ S!1

1 i-10 sh
] .1i2 s

1.1 I it sir

i()95 sh
10E3 s

I {i-l.i v:

il'10 vs

El! rr

615 s

565 s

)r) Sn

f r. sll

3400 s

qrrn.
i1020 s

1930 s

2SS0 s

27611 s

25-l{l r.r"

13.50 vlv

l56U nr

151t1 sh

1.167 sh
l45i s

I.130 s

1"1{15 sh

1099 s

10i5 s

I01:l r-s

9r,-t l,h
93:i r.s

72S n

(',15 s

:i(li) s

):){l sn

3415 s

3250 s

3(i20 s

1390 s

:lr5.l s

'1.330 vrv

193(i vrv

1ti:i2 m

1505 sh

I1i1) sh
l.1fi0 s

1435 s

1390 vrv
I 3 75 vr.r
1095 s

1063 s

10i15 ..'s

sh
S

lt1

.q

s1..

m

sh
sh
s

s

rn
ni

325i)
31i 5
.3r50
.r0+ {)

l1)l-';
2S50

23+A

OI{ strctching

OIJ stretching
:rnd or 1,, and
r'" oi NHo-

OiI stretching
combination

corrbination

HOH bending and
r,, cl NHn- (?)
colrbination

,1 CI l-rI11

crnl..lat ion

r'3 ril POr!-

;,, of pQr:]- 3sd
l{,O librai:on
H.O librat or,
ii-(i lri;:atio;:.]

i', oi PO.-:-

?
')

sh
sh
s

1-1{il :h

l aJ.l s

1-12i sh

1115 sh
l0-\3 sh
10e{) sh
lC 1'l -rs

1015 sli

975 nt

6lr\,r
iiiD s

580 s

53E w

1000 vs

568 s

375 in

i54 m
695 sh

'155 rs
438 rv

1)li ys

9.13 r,s
i.tl8 ;n

Sil ,.

55t s

fi30 s

.lS4 s

s 570 s

i.53 s

-110 n'r

I Thc numbeiing cl' the compounds is as given
w - v,eak

The bancls betryeen 4000 and 400 cr:r-l in tlie leported
spectra crn bc drvided into phosphate bands. bands o[ the
arnnoi:iurn ion. and bands due to vibrations of tlie rvater
molecuies. Each of these groups of bands ivill be b;:icflv
d iscussed.

Phos!:lnte bands. ai the fcur vibrational modes of the
r'r'ee phosphate ion the easiest to identify are the infrareci
aciive. triply deger-rerated u3 and un modes r+,hich are found
to bc around 1100 and 500 cm-r, respectively. Whereas in
the spectra of the hexahydiates they appear as single b;rnds
(thus in-rplying site synimetry of the phosphaie ion not verv
clifiereni lrom tetrahedra-l)^ in the spectia of the r:ronohr,-
rlratcs antl. of ZnNFi.POl they are both split. as a cDn-
sequence of the iowerecl slrinmetry of the phosphate ion. This
is further coafirrned b_v the appea.rence of the r., r-rlocle (for-
bidden under T6 symmetry) to which the sharp bands
Leir.ceii 1000 and 900 cm-1 in the spectra of III. \rI and
VII musi be attributed. In the spectra of IV and V it is
evidentlv overlapped by the strong band apperentl,v due
to liloratio:r of r..,ater. It is practically impossible to rk:ter-
rnine the iccation oi the doublv degenerated r'- mocle r^;it-
horit iiaving the spectra o,f the dcuteratecl compount',;.

meaning: s - strong; m - rrediuni;ln the tcxt. The abbreviations

- \.erv: sh - shorilder

Attnzr;nizttrt banrl.s. The umrnonium ion iras also iour vi-
l;rational mocies. of u,hich tl;t easicst io 1oc:ite is thc iriply
clrgr:ncrateri r', r-.lo,Je lo,,it.ri arountl 1400 crrrl-. lVhrrcis in
iirt spccira oi' the hexihvdr:i.res ald ol ZnNiIrI"0, 1ir;s h:ind
app.i11's a-s. nore cr lcss, single rvith siio,..liderr l;r:i. it i'
.Jci'ir:iteli':plit into at lcasi triro main Lards in ilc specira
o! the inoloh;,,rirates. -ris in tire case of ine ph<::r,-i:iri',: b;r;r<i:,
t1ijs. ir:rjicater tl''e c1e;:arrure lrom rire tetrahe<1ral sJ.i:rr.netr),
of the arriri,llrium ion. mainjv clne to the efiect of ihc i\l ter
niolecuies. i t se ems that to ihe r,, mode corresponds one
o: the tr,vo bands i:und bet,,vecn I 700 and l GiJil cr '- l in
iire sps11v3 ol the hex:Lh,clrales. althongh it is possiL-:: tl::Lt
tht-v:rre L,cih <1ue tc Llrrrli:rg cl t,atrr. The ;', acrl r'":n*iics
l:i'e e,":oected -beiween 320C and 3000 cn:--t ::r:ri ii seems
rhat the benrls arcund 3200. 3000 and 2900 cm-l belon.q to
iire:e modes acri,'or combinations, since thel; art lound in
the slecirurn ort ZTNH.PO, as rvell.

TJlater bands. Two bands (around 3400 and 2750 cm-l)
i: the spectla. ol the rnonohydrates could easiil' be assigned
to O-Fi -.iretching of the u,ater molecuies. T'he situation is
icss clear ruith the othcr bands in the region betrveen 3600
ar-rd 2500 cm-l, especiallv in the case o,f the hr::lahvdr:r.les.
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The bands aronnd 1650 cm-t are probably due to in-plane
bending of water. whereas the bands betrveen 1000 and 600
c11-l (r'ith exception of r1 mode of the phosphate ion,
being aireadv discussed) helong. to librations of rvater.

On the basis of the present information it is impossible
to assi-qn all the bands wiih certainty. Further investigations.
on tlie spectra of the deuterated compounds" measured at
low telrperatures, are in course of further in ,,,estigation

and rvill be reported later.
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