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IR and polarized Raman spectra of CH,NH;NaScO,:6H,0
(MASS), NaNH,5¢0,:2H,0 (8AS), and their dcutcrated ana-
logues are recorded and analyzed. In both the crystal symmetry
of SeO%” is lower than T,;. The symmetry of CH;NH7 is lower
than C,, and hydrogen bonding is strong in MASS. NH} is not
rotating freely in the crystal lattice of SAS. SERS spectra are
recorded in two types of silver colloids. Colloid 1 adsorbs MASS
through the nitrogen atom of CH;NH, group. There are two differ-
ent adsorption sites for MASS in colloid 2. SAS is chemisorbed by
colloid 2 through the oxygen atom of SeQ2~. Shifting and splitting
observed for the internal modes of SeO§~ on adsorption are due
to the reduced local symmetry of the ion.  © 1994 academic Press, Inc.

INTRODUCTION

At room temperature methyl ammonium sodium sele-
nate hexahydrate (MASS), CH;NH,NaSeQ, - 6H,0, is py-
roelectric whereas sodium ammonium selenate dihydrate
(SAS), NaNH,SeQ, - 2H,0 is ferroelectric (1). Dielectric
studies on phase transitions in MASS have been carried
out earlier (1}. There are several reports (2-7) on the
vibrational spectra of compounds containing (CH,NH7).
in most of them phase transitions are governed by this
group. Some physical properties of the crystal group
NaNH, X0, -2H,0 (X = 8, Sc) have also been investi-
gated (8-11).

Surface cnhanced Raman scattering (SERS) spectra of
inorganic acid radicals adsorbed on silver colloids have
been reported by Greaves and Griffith (12). They observed
rapid sol aggregation on addition of an aqueous solution
of K;PO,-H,0 or Na,HAsO,-7H,0. The color of the
colloid changed from yellow through brown to blue with
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the Ag-0 stretching band at 237 cm™!. Also, an additional
band appcarcd in the electronic spectrum at 560 nm. Al-
though there is a recent report (13) on the SERS spectrum
of SO~ adsorbed on silver surface, the related selenate
group is not vet studied, SERS spectral studies of MASS
and SAS are expected to give information regarding the
nature of adsorption and orientation of the adsorbed spe-
cies on the metal surface. To elucidate the vibrational
energy ievels of MASS and SAS, their IR and polarized
Raman spectra are also recorded and analyzed.

EXPERIMENTAL

Single crystals of MASS are synthesized by the chemi-
cal reaction of CH;NH,, H,Se0,, and Na,SeO, in the
stoichiometric ratio (1). Crystals of SAS are grown by the
evaporation of an aqueous solution of sodium selenate
and ammonium selenate (8). The 5145-A line of a Spectra
Physics model 165 Ar? laser (power 100 mW) is used to
record the polarized Raman spectra of MASS (Fig. 1) for
the four orientations a'(cc)a, b(cb)a, b(ab)a, and b(ac)a.
Polarized Raman spectra of SAS (Fig. 2) are recorded for
the four orientations z(yy)x, z{(yz)x, z{xz)x, and z{xy)x
where x, y, and z coincide with the crystallographic axes
a, b, and ¢. A Spex Ramalog instrument with a double
monochromator 1401 has been used throughout. IR spec-
tra are recorded using a PE 882 (4000-400 cm™!) and PE
983 (4000-200 cm™") spectrophotometers with the sam-
ples in KBr and nujol. IR and Raman spectra of deuterated
samples obtained by repeated recrystallization from D,0
are also recorded. :

A silver colloid for SERS measurements has been pre-
pared by two different methods. A greenish-yellow colloid
{colloid 1) having a sharp absorption band at 400 nm is
prepared (14) by adding a | mM solution of AgNG, drop-
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wise t0 a 2 mM solution of NaBH, with vigorous stirring
until the volume ratio is 1:3. This colloid is stable and
does not show precipitation or color change on standing

for three months. A greenish-gray colloid (colloid 2) hav-
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Raman spectrum of MASS single crystal and (E) deuterated MASS.

ing a somewhat broad absorption band around 430 nm
has been prepared (15) by adding 10 ml of a 1% solution
of sodium citrate to a boiling solution of AgNO,; (90 mg
in 500 mi). This colloid is stable for two weeks. Chemicals
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are procured from Sigma, St. Louis, MO, and deionized
water has been used throughout.

Absorption spectra of silver colloids, MASS, SAS, and
adsorbed MASS and SAS have been recorded on a UV-
240 Shimadzu UV-Visible recording spectrophotometer.
When MASS and SAS are adsorbed onto colloid I, the
color changes to light pink, the absorption band at 400
nm becomes broadened and shifts to 410 nm. Further, an
additional very broad band for SAS and shoulder for
MASS appears around 490 nm. In the case of colloid 2,
the color changes to gray and the broad band around 430
nm becomes more broadened with center around 450 nm
(SAS)/485 nm (MASS).

To record the SERS spectra, equal volumes of 107> M
MASS (or SAS) and colloid 1 are mixed. The resulting
solution is taken in a rectangular quartz cell and the Ra-
man spectra have been recorded on a Dilor GMBH 224
spectrometer with 40 mW laser power. In the case of
colloid 2, a 1:2 mixture of 10~* M MASS (or SAS) and
the colloid are taken.

FACTOR GROUP ANALYSIS

MASS crystallizes in the hexagonal system P6mm (C})
having two formula units in the unit cell (1}. The tetramo-
lecuiar unit cell (8) of SAS is orthorhombic P2,2,2,(D3).
The factor group analysis (16) predicts the distribution of
irreducible representations at £ = 0 as

[MASS = 20A,(R,IR) + 1{A(IA) + 21B,(IA)
+ 11B,(IA) + 31E,(R,IR) + 32E,(R)

and

SAS = 51A(R) + 50B,(R,IR) + 50B,(R,IR)
+ 50B,(R,IR)

(R, Raman active; IR, infrared active; [A, inactive).
TABLE 1

Correlation Scheme for the Internal Vibrational Modes of
CH,NH{ in MASS

TABLE 2
Correlation Scheme for the Internal Modes of Se0}~ in MASS

Free ion Site Factor group
symmetry — symmetry symmetry
i I Gy, Ce a;
_,_.——-——'——'__'_'Al 3 (A] + ?; Fz)
: A M=—____B 3 (A +EF)
E, 3 (E+4F)
4 E —
2wl —E 1 (E+iF)
intramol.
ScO]-  =3A,+ 3B, +3E, +3E,

Free ion Site Facter group
symmetry symmetry symmetry
fr CJU CBU Cﬁv ag
10 54, Ay A 5 (54}
A; ! (142)
B, 5 (54
2 A, A,
\32 1 (1 AZ)
E 6 (6E)
—"1
24 6E E,___\ E, 5 (6E)
intramol,

CH,NHy

=SA,+ A, + 5B, + B, + 6E, + 6E;

(CH;NH3), SeOi”™ and Na atoms occupy Cs, site in
MASS. Water molecules are in two different C, sites. In
SAS, ali the atoms are in general sites. Therefore, the
effects of lower site symmetry such as activation of inac-
tive modes and splitting of degenerate modes are ex-
pected. Correlation schemes for the internal vibrational
modes of CH,NH;, SeO3~, H,O in MASS and NH/,
Se(?”, H,O in SAS are given in Tables 1-5.

IR AND POLARIZED RAMAN SPECTRA OF MASS

Unambiguous assignment of bands above 3000 cm™' is
difficult as the vibrational frequencies of CH;, NH7, and
H,0O occur in this region. Both correlation field splitting
and Fermi resonance with overtones of 8H,0 and SNH;
may also add to this complexity. However, water bands
could be separated by comparing with the spectra of the
deuterated sample (Table 6). The bending modes of NH7
observed at 1570 and 1510 cm™' in IR have not shown an
isotopic shift on deuteration which leads to the assump-
tion that the NH; portion of MASS is unaffected by deu-
teration. The bands above 3100 cm™! in both Raman (Fig.

TABLE 3
Correlation Scheme for the Internal Vibrational Modes
of H,0 in MASS

Molecular Site Factor group
symmetry symmetry symmetry
T | - C
f Cs, alyz) C, s 6 e
A 4 @A)
.
24 24, A A, 2 @28y
%B, 4 (A
12 By A" B, 2 (2B))
\\El 6  (BA; +4B)
E, 6  (BA, + 4B)
intramol,
H,0O =44, + 24, + 4B+ 2B, + 6E; + 6K,
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TABLE 4
Correlation Scheme for the Internal Vibrational Modes
of NH}/8e03™ in SAS

Free ion Site Factor group
symmetry symmetry symmetry
F T, C, D, a;
A, 9 (A + E + 2Fy)
4 A _—_B 9 (A +E+2F)
8 F_Ty /B: 9 (A: +E+ 2F§)
/ 5, 9 (A, +E +2Fy)
24 2K,
intramol.

NH//Se¢0, =94, + 9B, + 98, + 98,

1) and IR show a decrease in intensity and a new band
appears at 2550 cm™!in Raman on deuteration. Therefore,
the bands above 3100 cm™! are assigned to stretching
modes of water. The »,, NH7 in this region could not be
located in the deuterated spectrum,

The highest symmetry (CH;NH,)* can have is C,,. Of
the 18 internal vibrational modes, 5A, + A, + 6E, the A,
and E species are active in both Raman and IR and A, is
inactive. Assignments are done by comparing with earlier
reports on (CH,NH,)* vibrations {2-7). Stretching modes
of CH, group usually occur in the region 2850-3000 cm ™!,
In the present case as the methyl group is attached to a
nitrogen atom the C—H bands may appear much below
the expected region (17). Hence the IR band at 2700 cm™!
and Raman bands at 2825 and 2817 (a'(cc)a orientation)
are assigned to »CH,. Also, 5,CH; may get shifted to
higher values from the vsually observed range 1370-1385
cm™!. The splittings observed in the a’(cc)a orientation
(Table 6) for the vibrational modes v, CH{r;), pNH{ (v,))
and pCHj;(v;) which belong to the E species indicate the
symmetry of CH,NHj is lower than C,, in the crystal.

The presence of librational modes of water appearing
at 620 and 640 cm™! in IR which get shifted/reduced in

TABLE 5
Correlation Scheme for the Internal Vibrational Modes of
H,O in SAS
Motecular Site Factor group
symmetry symmetry symmetry
I Cy G D, a;
A 6 (44, +2B)
16 2A;-——__A,__/_———FB, 6 (44, + 2B;)
8 B—" §32 6 (44, +28)
B, 6 (44, + 2B,
intramol.
H,0 =6A, + 6B, + 6B, + 6B,

intensity on deuteration shows that hydrogen bonding is
fairly strong between the water molecules and NH{ and
oxygen atoms of SeQi~. The presence of four Raman
bands in the spectrum of the polycrystalline sampie and
six in the single crystal a’(cc)a orientation are possibly
due to the factor group splitting (Table 3).

The polarized Raman band around 835 ¢cm~! in Raman
(Fig. 1) and the strong IR band at 850 cm™' are assigned
to the »,(A)-symmetric stretching mode of SeQ3~. The
splitting of 4 cm™! observed in the h(ac)a orientation for
this nondegenerate mode is due to a correlation field ef-
fect. The v,(E)-symmetric bending mode cannot split due
to the lower site symmetry C,, of the ion as can be seen
from the correlation scheme (Table 2). Therefore, its split-
ting at about 45 cm™' in both Raman [#(ac)a] and IR is
also due to the correlation field effect. This comparatively
large correlation field splitting may be due to strong hydro-
gen bonding (18). vy(F,}-asymmetric stretching and v, (F,)-
asymmetric bending modes may split into two each due
to lower site symmetry and into a maximum of four com-
ponents due to both site symmetry and correlation field
effects (Table 2). In the IR spectrum (Table 6), v; mode
is split into three components. The deuteration study does
not show any decrease in intensity/shift of these compo-
nents. These are therefore not due to the liberational
modes of water. For the », mode no splitting is observed
in IR.

IR AND POLARIZED RAMAN SPECTRA OF SAS

In the spectra of SAS also the assignment of bands
above 3000 cm ™! is difficult as the vibrations of both NH;
and H,O appear in this region. The assignments are given
based on the spectra of the deuterated sample and the
results (I9) of the isostructural NaNH,S0, - 2H;0. The
bands above 3100 cm™! show either a decrease in intensity
or a shift in frequency on deuteration (Table 6). In the
bending mode region the band at 1690 disappears on deu-
teration. The assignment of the IR bands at 670 and 720
cm™! to libration modes of water is justifiable as they
disappear on deuteration. The downward shift of the
stretching modes along with the appearance of a rocking
mode of water shows that water molecules are hydro-
gen bonded.

v;Se0j™ is split into a maximum of four components
{(Raman) in SAS (Fig. 2), whereas in MASS into two
only. These are the maximum number of split components
expected by correlation field effect. The v, mode is split
into three components in IR similar to that of MASS.
These bands do not show a shift on deuteration. There-
fore, they are the split components of »,. The assignments
are given in Table 6. In both the compounds, activation
of inactive modes, if any, is due to lower site symmetry
of the ion (Tables 2 and 4).
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FIG.3. {A)Raman spectrum of saturated aqueous solution of MASS.

(B) SERS spectrum of MASS in colloid 1. (C) SERS spectrum of MASS
in colloid 2. (D) SERS spectrum of SAS in colloid 2.

From a detailed analysis of the IR spectra of NH;
in crystals, Oxton er af. (20) have established that the
ammonium ion does not rotate if the spectrum contains
medium intense bands due to combination modes involy-
ing the torsional mode (v) with v, and v,. These usually
occur (21) in the regions 1900-2000 ¢cm™' (v, + »¢) and
1700-1800 cm™! (v, + vy). The torsional mode (v;) of NH}
is usually IR inactive and shows up as combinations or
overtones such as », + ¥ or vy + g or 2p. In different
compounds v, is found to have values ranging from 200
to 390 cm™! (19). In SAS, it is difficult to identify the
torsional mode v as »,5¢0j  also occurs in the same
region. On deuteration, the band at 350 ¢m™' and the
combination bands around 2050 cm™' disappear (Table
6). Therefore, the band at 350 cm™ in IR is due to v, of
NH; . The presence of the v and its combination with v,
indicates that the ion is in alocked in posttion in the lattice.

SERS SPECTRA

The first step in identifying a metal-molecule complex
formation is to look for low frequency bands in the SERS
spectrum. For molecules forming an Ag~N bond, a band
in the 170 cm™! region is commonly seen whereas for
Ag-O bond one appears around 250 cm™! (22-25). The
SERS spectrum of MASS in colloid 1 shows a band at
160 cm™! (Fig. 3) indicating 2a Ag-N chemisorbed system.
The most intense band observed at 840 cm™' in the spec-
trum of saturated solution is replaced by two medium
intense bands at 860 and 880 cm~!. An additional weak
broad band appears around 1400 ¢cm™! which could be

due to SNH; or 8CH;. Appearance of this band supports
the inference that chemisorption has taken place through
the N atom. In other words, the CH;NH; group is close
to the metal surface. The splitting and shifting observed
for the stretching mode of SeQ?™ are due to the reduced
local symmetry of the ion on chemisorption.

MASS in colloid 2 shows two strong sharp bands (Fig.
3} at 128 and 262 cm™!. These are respectively the Ag-N
and Ag—O stretching modes. The value 128 cm™! is unusu-
ally low. In other words, in colloid 2, there are two adsorp-
tion sites and hence bands due to both CH,NH; and
SeOZ™ will be affected. The two bands at 791 and 965
cm ™! are assigned to the stretching modes of SeO3™. This
large shift from free state values is due to the lowering
of the free ion symmetry of Se(;™ on adsorption through
its oxygen atom. A similar shift is also observed for the
bending mode (Table 7).

The metal-molecule stretching band at 244 ¢cm™! ob-
served (Fig. 3) for SAS in colloid 2 shows that adsorption
occurs through the oxygen atom of Se0?™. The enhanced
band at 1010 ¢cm™' may be due to a combination mode.
This assignment is justifiable as combination bands can
appear in SERS spectra (26).

CONCLUSIONS

() In both the crystals the symmetry of the SeOi™ is
lower than T,.

(ii) The symmetry of CH;NH; is lower than C,, and
hydrogen bonding is strong in MASS.

(iii) NH} is not rotating freely in the crystal lattice
of SAS.

(iv) Bands due to SeO}™ are enhanced in the SERS
spectra of both compounds.

TABLE 7
SERS Spectral Data (cm™!) and Band Assignments
MASS MASS in MASS in SAS in
solution colloid 1 colloid 2 cotloid 2 Assignment
SNH?,
1520 SCH,
1400 1401
1595 .
1400 SNHJ
1010 combination
1000 vC-N
880 965 .
840 860 791 vSeO
404 .
149 450 450 88e0]
162 244 vAp-0O
160 128 vAp-N
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