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ABSORPTION SPECTRA OF Nd(N03),6H,0 
ALCOHOLIC COMPLEXES 

S. BUDDHUDU*, V. RAMESH BABU* and A. SURESH KUMAR** 

* Spectroscopic Laboratories, Department of Physics and 
** University Science Instrumentation Centre, 

S. V.  University, Tirupati, 51 7 502, India. 

(Received 15 November 1988) 

Band intensities and energies of Nd3+ ion in methyl, ethyl, isopropyl, butyl and amyl alcohols are studied. 
The lifetimes ( T ~ )  for certain fluorescing states of Nd3+ ion in all the five alcohols are reported. The second 
derivative spectra exhibited splittings for certain states of Nd3' in five alcohols. 

KEY WORDS: Neodymium complexes, band intensities 

1 INTRODUCTION 

Vibrational spectra of polynuclear complexes of lanthanide nitrates have been 
analysed by Seminara'. Interligands charge transfer in lanthanide complexes have 
been characteristed by Choppin'. Bunzli, has made a detailed study on the solvation 
of Nd3 + in various organic solvents. Magnetic properties of rare earth complexes 
have been studied by Urland4. Thermodynamic properties of Nd(N0,),6H20 in 
KNO, have been investigated by Shevchu5. Vicentini and his coworkers have 
reported the lanthanide adducts spectra with several organic solvents6-8. 

2 EXPERIMENTAL 

The neodymium complexes were prepared by putting about 0.1 m %  neodymium 
nitrate into the alcohols of methyl, ethyl, isopropyl, butyl and amyl. These five 
neodymium complexes have been used for recording the spectra. The UV-VIS spectra 
have been recorded from 920-320 nm on the UV-VIS spectrophotometer. In the same 
wavelength range, the second derivative spectra have also been recorded to obtain 
further clearer information about the energy-level stucture. The measurement of 
refractive indices of these complexes have been made on a standard refractometer. By 
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18 S. BUDDHUDU, V. RAMESH BABU AND A .  SURESH KUMAR 

using a microcomputer (DCM Spectrum 3 1)  theoretical evaluation of spectral 
characteristic parameters has been carried out. 

3 RESULTS AND DISCUSSION 

3.1 Band Energies 

The spectral appearance of the Nd3 + in five different alcohols namely methyl(MA), 
ethyl(EA), isopropyl(1PA) butyl(BA) and amyl(AA) alcohols have revealed the 
presence of ten electronic states with 419,2 as the ground state. They are as follows: 

'191.2 + 'F312.3 ' F 5 1 2 ,  ' F 7 / 2  and 4F9,z 
-+ 2H11,2 
-+ 'G512, 4G7/2 and 'Gsj2 

--* 2 D 3 / 2  

-+ 4D3,2 
The experimental energies of these bands relating to the Nd3+ ion in five alcohols are 
presented in Table 1. The theoretical energies of these ten states have been obtained by 
using the conventional procedures9-' and are listed in Table 1. The rms deviation for 
the band energies is obtained from the relation. 

where Ai is the difference in energy between the experimental and theoretical values, N 
is the number of states obtained in the present work. Table 1 shows that the rms 
deviation are found to be reasonably smaller and thus there exists a successful 
correlation between the experimental and calculated energy values. The relevent 
spectroscopic parameters namely Racah ( E l ,  E 2 ,  E3) ,  spin-orbit ( (41) configurational 
interaction ( c t )  which characterise the band energies are evaluated by solving the 4f3 
energy matrices are given in Table 2. As the rms deviations (Table 1) for the band 
energies are found to be between f 17 and f51 cm-', the computed parameters that 
are given in Table 2 are thus chosen as the best fit from the several trials made on the 
microcomputer. Table 2 also reveals that the following situation exists with regard to 
E' and E 2  values 

E' ,  E 2 :  EA > MA > IPA > BA > AA 

On the other hand, the values of E 3 ,  (4s and ct are found to be at maximum in MA and 
the minimum in AA. 

3.2 Band Intensities 

The squared reduced matrix elements required for theoretical evaluation of band 
intensities have been evaluated for Nd3+:  Methyl alcohol and are presented in Table 
3. The experimental and calculated band intensities of Nd3 ion in five alcohols are 
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Table 2 Values of Racah ( E l .  E 2 ,  E, ) ,  spin-orbit (t4,-), configurational inter- 
action (a) .  Judd-Ofelt (TJ ,  refractive index ( n )  and intensity (RJ Parameters 
for Nd(N0, ) ,6H20 in various alcohols. 

Parameter Methyl Ethyl Isopropyl Butyl Amy1 
alcohol alcohol alcohol alcohol alcohol 

E‘  
EZ 
E3 
ir4J 

T~ x 109 
~4 x 109 
T, x 109 

R, x 102O 
R4 x 1020 

R, x lozo 

z 

n 

5032.17 
27.92 

502.65 
912.62 

5.917 
1.440 
0.816 
1.680 
1.338 

11.122 
6.307 

12.977 

5048.63 
28.08 

900.93 
500.88 

5.134 
0.992 
0.609 
1.745 
1.369 
8.836 
5.425 

15.542 

501 3.23 
27.84 

498.72 
894.70 

3.75 
1.575 
0.607 
1.737 
1.380 
1.580 
4.561 

13.045 

4998.92 
27.37 

882.34 
2.74 
1.353 
0.593 
1.544 
1.403 
9.998 
4.382 

11.414 

498.90 

4917.04 
26.30 

490.84 
888.92 
- 2.73 

1.305 
0.763 
1.619 
1.406 
9.624 
5.632 

11.940 

Table 3 Squared reduced matrix elements 
($JI U’I@J’)’ for the observed levels of 
Nd(N0,) ,6H20:  Methyl alcohol. 

Transtion I U 2  1’ iw4 i2  I U6I2 
from 419,2 

0 
0 

0.0029 I 
0.08737 
0.89547 
0.001 18 
0.00045 
0.00 167 
0.00094 

0 

0.19212 
0.01407 
0.04127 
0.23674 
0.4161 5 
0.00198 
0.00680 
0.03697 
0.23950 
0.22989 

0.01633 
0.00002 
0.02308 
0.07886 
0.03459 
0.02008 
0.05793 
0.42825 
0.39484 
0.05223 

listed in Table 4. Table 4 reveals that the hypersensitive transition (419,2 -, 4G,,2) has 
the maximum intensity which follows the selection rule 

A J < 2 , A L 1 2  and A S = O  

The intensity of this transition is well monitered by T2 and ) ) U 2 ) ) 2  parameters. The 
other two parameters namely T4 and T6 will be supplemental to T, parameter in 
explaining the variations in the intensity values of the hypersensitive transition. With 
regard to the intensities of other remaining bands, all the three (TA) parameters will 
influence the changes. The dependance of fca, (hypersensitive transition) on the 
Judd-Ofelt T2 parameter is shown below for the complexes under study. 

Parameters MA EA IPA BA AA 

j,,, ( x  lo6) 29.597 21.057 31.577 26.335 26.821 
T2 ( x  lo9) 1.440 0.992 1.675 1.353 1.305 
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From this table it is observed that the hypersensitive level (4G5j2) intensities are found 
to be reasonably high in isopropyl alcohol (IPA) and much smaller in ethyl alcohol 
(EA). From Table 2 it is noted that Judd-Ofelt (TA) parameters are found to be in the 
following order for the five Nd3+ complexes. 

T6 > T2 > T4 

Similar observations have earlier been made for Nd3+ in inorganic hosts t 0 0 ~ - ' ~ .  
Since the change of environments around the rare earth ion influence the variation in 
band intensities and a little amount of shift in the energy level structure, the values of 
eigenvectors of the states remain more or less the same. As a result of this there will 
not be much change in the values of IIU'l12 of Nd3+ complexes. 

In Table 4, there are certain disagreements exist between the measured and 
theoretical intensities. The reasons, for the above inconsistant correlations are 
explained as follows. The calculated 'f' is more dependent on Judd-Ofelt (TA) and 
I /  U'll values as explained earlier'. As these 1 1  U,/12 values are very lightly influenced 
(in case of certain states) by the environments, there could be a situation for an 
unsatisfactory agreement between the theory and experimental values. The band 
intensity of 4G9,2 could not be measured experimentally in all the hosts, however the 
theoretical values are evaluated and presented in Table 3. 

3.3 Radiative Lijetimes (tR) 

The lifetimes of the fluorescent states have been determined through the theoretical 
approach by using the Judd-Ofelt parameters (Table 2). For Nd3+,  there are about 
eight states identified as electronic excited states. Of them, one state is believed to be a 
radiative transition and the other seven are called non-radiative transitions,' they are 
as follows: 

Radiative transition: F3/2 

Non-radiative transitions: 4F5i2,  4F,,2, 

2Hll,27 

4G5,z, 4G7,2, 4G9/2 

4D3,z 

For the above eight fluorescing states and their next power lying follow up states, the 
values of squared reduced matrix elements I /  U'II for Nd3+ : methyl alcohol have been 
computed and listed in Table 5. By using the data given in Tables 2 and 5, the 
computed numerical values of electric dipole (SJ, magnetic dipoles (Smd), transition 
probability ( A )  and relaxation rate ( A , )  are presented in Table 6. The reciprocal value 
of A ,  gives us the lifetime ( tR in p s )  of the fluorescing state. The theoretically predicted 
T~ values for the eight excited states of five Nd3+ complexes are summarised in Table 
7. From this table, i t  is noted that the fluorescing state 'H, l ,z  has the maximum and 
the minimum for 4D3,2. The following is the order in which the lifetime values r R  (in 
p) vary from host to host. 

2Hi 112 > 4F3,z > 4F9/2 > 4F5/z > 4G9,2 > 4 G 7 , 2  > 4Gs,z > 4D3jz 
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Table 5 Squared reduced matrix elements (i,bJllUAl[i,b’J’)2 for the fluorescent levels (4F3i2.5i2.912. ’HI 112, 

4G512, 712,9i2 & 4D3i2) and other low-lying levels of Nd(N0,),6H20: Methyl alcohol. 

Transitions IlU21l2 llu4112 11 u6 )I Transitions It u I1 llU4ll2 II U611 

0 
0 
0 
0 

0.00696 
0.05 127 

0 
0 
0 

0.00094 

0.03397 

0.00540 
0.06497 

0 

0 
0 

0.00935 
0.00055 
0.00045 

0.07066 
0.00252 

0 
0 

0 
0.07266 

0.09709 
0.00280 
0.00427 
0.001 in  

0.00688 

0.00009 
0.02191 
0.00467 
0.26596 
0.00422 
0.47207 

0 

0 
0 
0 

0.89547 

0.004 19 
0.00063 

0.03661 
0.26678 
0.00042 
0.41940 

0 

0 
0 

0. I4166 
0.22989 

0.028 15 
0.05062 

0.17914 
0.16911 
0.23950 

0.1 1864 
0.00048 
0.04381 
0.00061 
0.01 266 
0.54159 
0.20948 
0.02968 
0.00680 

0.02790 
O.ooOo6 
0.03627 
0.00012 
0.0061 5 
0.00204 
0.05203 
0.01 147 
0.0002 1 
0.00198 

0.17259 
0.00045 
0.0 1068 
0.05997 

0.13885 
0.003 19 
0.01708 

0.03470 
0.29034 
0.41615 

0.38400 
0.01 126 
0.02 194 
0.08504 
0.10369 
0.16535 
0.00921 

0 

0.19857 

0 

0.03049 
0.20473 
0.4 1294 
0.05223 

0.00186 

0.23155 
0.4001 3 
0.03630 
0.39484 

0.029 14 
0.00192 
0.07785 
0.13785 
0.10688 
0.4601 1 
0.52360 
0.38272 
0.05793 

0.06529 
0.17 148 
0.000 1 2 
0.0 2 2 0 7 
0.09862 
O.oo049 
0.0002 1 
0.00061 
0.00550 
0.02008 

0.00003 
0.01 163 
0.07645 
0.17791 

0 

0 
0 

0 
0.03846 

0.00442 
0.04739 
0.09678 
0.03349 

0.07589 
0.02235 
0.04375 

0.00033 

0.14311 

0.28835 

0 

0.00956 0.00700 
0.16289 0.1 1967 

0 0.02599 
0 0.25536 

0.86846 0.1 5737 
0.08737 0.23674 

0.02137 0.08858 
O.ooOo5 0.10380 
0.00021 0.04579 
0.04231 0.01012 
0.01 189 0.00854 
0.15820 0.03479 
0.23731 0.03440 

0 0.165 19 
0.10458 0.10158 
0.00067 0.00079 

0 0.02209 
0 0.05302 

0.61658 0.31090 
0.09851 0.26325 
0.00291 0.04127 

0.04796 0 
0.01 531 0.00256 
0.00038 0 

0 0.00262 
0.03459 0 

0 0 
0 0.00257 

0.04796 0 
0.01531 0.00256 

0 0.00262 
0.03459 0 

0 0 
0 0.00257 
0 0.00233 
0 0 

0.24665 0.00343 
0.17008 0.00069 
0.15151 0.01244 

0 0.04085 
0 0.17805 

0.24549 0.06892 
0.15642 0 
0.05742 0.19898 

0 0.0201 5 
0.14720 0 

0 0 
0 0 
0 0.27543 
0 0.19212 

0.00038 o 

0.04899 

0.01255 
0.08 103 
0.00387 
0.07886 

0.14144 
0.05613 
0.23214 
0.08025 
0.37918 
0.21 69 1 
0.14919 
0.00042 
0.00396 
0.15416 
0.04978 
0.26399 
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Table7 The radiative lifetimes ( r R )  in ,!IS for the fluorescent level 
(4F, z 5 z 9 z ’ H I ,  2 .  4G5 z 7  &i “D, of Nd(N0, ) ,6H20 in 
various alcohols 

Fluorescent M e t h i , /  Erhyl / sopropy1  Bury/  Amyl  
1eI~el.c ulcohol alcohol alcohol alcohol alcohol 

260.3 
194.1 
2 14.8 

1418.8 
45.3 
55.4 

106.3 
20.5 

222.3 
164.4 
176.4 

2490.5 
50.3 
60.5 
96.9 
21.6 

258.5 
143.7 
205.5 

41.6 
50.8 

22.1 

2404.8 

88.1 

270.9 244.9 
203.1 184.3 
219.7 203.2 

2666.2 2549.8 
47.4 46.6 
58.1 56.3 
98.2 91.4 
23.2 20.9 

The following situation has also been noted from Table 7: 

sR  ( p s ) :  4F3,2: BA > M A  > IPA > AA > EA 
4F,,2: BA > M A  > AA > EA > I P A  
4F, 2 :  BA > M A  > I P A  > AA > €A 
2 H , , , z :  BA > AA > EA > IPA > M A  
4G,,,: EA > BA > AA > M A  > IPA 

r R  (/is): 4G,,2: EA > BA > AA > M A  > I P A  
4G,,2: M A  > BA > €A > AA > I P A  
4D3,2: BA > IPA > E A  > AA > MA 

3.4 Second Drrirutice Spectru 

The following four electronic states which could not be recorded in the normal spectra 
of Nd3+ complexes, are now found to exist in the second derivative spectra. The 
measured energies of these four new states are presented in Table 7. 

41, .--* 4S3,2, 2G,,2, ’PI and 4D1,2  

Thus the second derivative spectra of these Nd3’ complexes have revealed altogether 
fourteen energy states. 

Table8 The measured energies of certain bands revealed by the sec- 
ond derivative spectra, which have not been noticed in the normal 
spectra of Nd(N0, ) ,6H20 in various alcohols. 

Trunsitions M e t h y l  Ethyl /.sopropy1 Bury/ Amyl  
f r o m  “/I, alcohol ulcohol alcohol alcohol alcohol 

4s, L 13620 13620 I3583 13546 13620 
>G? 2 21361 21316 21453 21316 21361 
’PI 2 23578 23467 23522 23467 23412 
“Dl 2 29403 29317 29 146 29274 29146 
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