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Magnetic Moments of Lanthanide 3-, 4-Nitrobenzoates
and 3,4-Dinitrobenzoates

Wieslawa Ferenc

Department of Inorganic and General Chemistry, Institute of Chemistry, Marie Curie-Sktodowska
University, PL-20-031 Lublin, Poland

Summary. The magnetic moments for lanthanide 3-nitro and 4-nitrobenzoates were determined at
298 K and those for 3,4-dinitrobenzoates of rare earth elements over the temperature range 77 — 296 K.
The complexes of 3,4-dinitrobenzoates of rare earths were found to obey the Curie-Weiss law. The
values of p calculated for all complexes (except that for europium 3,4-dinitrobenzoates) are close to
those obtained for Ln®* ions by Hund and Van Vleck. The results reveal that irrespective of the
kind of ligands (3-nitro, 4-nitro or 3,4-dinitrobenzoates) no influence of their field on lanthanide ions
occurs.

Keywords. Magnetic moments of lanthanide nitrobenzoates; Magnetic susceptibilities of 3-, 4-nitro-
and 3,4-dinitrobenzoates of rare earth elements; Magnetic moments of rare earth element nitroben-
zoates; Magnetic moments of nitrocomplexes.

Magnetische Momente von Lanthaniden-3-nitro-, -4-nitro- und -3,4-dinitrobenzoaten

Zusammenfassung. Die magnetischen Momente von Lanthaniden-3-nitro und -4-nitrobenzoaten wur-
den bei 298 K untersucht, die von -3,4-dinitrobenzoaten im Temperaturbereich von 77— 296 K. Die
Komplexe entsprechen der Curie-Weiss-Regel. Die fiir alle Komplexe gefundenen p-Werte (ausge-
nommen das 3,4-Dinitrobenzoat von Eu) sind sehr nahe den von Hund und Van Vleck erhaltenen.
Es wurde also kein Einflufl des Ligandenfeldes auf die Lanthanid-Ionen festgestellt.

Introduction

In our previous papers [1—6] we have presented the manner of the preparation
of 3- and 4-nitrobenzoates and 3,4-dinitrobenzoates of rare earth elements, their
quantitative composition, IR and X-ray spectra, thermal stabilities and solubilities
in water at 298 K.

The aim of the present paper was to investigate the magnetic properties of 3-,
4-nitrobenzoates and 3,4-dinitrobenzoates of rare earth elements, which have not
been measured so far, and to try to give an interpretation of the obtained results.

Experimental

Magnetic susceptibilities of polycrystalline samples of 3-, 4-nitrobenzoates and 3,4-dinitrobenzoates
of rare earth elements were measured by the Gouy method using a sensitive Gahn RM-2 electronic



W. Ferenc

0 OfH ¢4 0 OtH T+ 0 0 g, +e0T

ISy O'H ¢S TaX o'y O'HT-*19K 0S¥ 0S¥ ULy, +¢9A

9L O'H ¢-* T 65°L O‘H ¢S T 09°L 09°L “He +cWUL

¥$'6 o'H ¢-f 11 966 O‘Hz 11| 09'6 09'6 e, w3

0901 O*H ¢-“TOH 09°01 O‘H¢-*10H 09°01 09°01 8 +¢OH

0F°01 O'H¢-"1Aa 001 O‘HT-¥1Aa 09°01 09°01 Uiy, +hd

89'6 O*H ¢-*T9L 0L6 O‘Hz-*14L 0L'6 0L'6 °d, +¢aL

¥8°L O'H ¢-*1PD 08'L O*HT-*1PD P6'L v6'L elLgq +¢PD

Sh'e O%H ¢-f1nyg 143 O‘"H z-f1nH 1S°€—-0F'¢ 0 %9, L

781 O'H g-f1us 781 O'Hz-*Tws S9T—6S1 780 Uy, +¢WS

95'¢ O'H ¢-*IPN 1$°¢ O*H T-*IPN 89°¢ 79°¢ o, +¢ePN

§9°¢ O'H ¢-511d 99°¢ O'HZ*11d 79°¢ 85°¢ "He +eid

0S°C O*H £-519D 0S'T O*HST-519D 96T ¥S'T s, +£90

0 O'H ¢-fT1e1 0 oftHa s TETeT 0 0 s, +e¥T

[w gl % U7 Jo W g7 s u7 jo

TejmomLId Xy S9)BROZUSOIIN - eiuowradyyg $91BOZUIQOINN - o 3291 A UBA 5 punyg pored ULId] PunoIn) P

654

(P*ON"HELD =7) S2120ZU2qOoNIU-f PUE -¢ SPIURYIUE] J0] BIBP O112USRIA ‘[ IIqRL



655

Magnetic Moments of Lanthanide Nitrobenzoates

9¢'L  00S€T 967 619  O00Ly S6C 8¢ ObrS  €6T 89C  0£9C  S6C
9¢'L  0019T L9 €19 09LY 9LT LST 0801 T6T 08¢  0S9S  ¥6T €8¢ 0865  S9T 99T  0ELT  LLT
8¢'L  001LT 65T 919  0I8¥ $92 091 00I1 89T 6L°€ OL6S 9.7 €8¢ 0919  SST 99C  0I8T 1T
8¢, 00T8C 6T €19 0L8YV ST 081  OSIT LST 6L€ OLL9 99T 8¢ 099 SHT 89T 0687 09T
oL 00T6C THC 19 068% 8¢ 081  08IT 16T 6L€ 0SE9  LST ¥8°€  0LS9  8€T LT 06T  1IST
'L 00£0€ €T yI'9  Ov6F 8€C LT 00T1 O 08°¢C 0859  6bC v8E 0089 67T §9°T  090¢  OtT
6£L  00VIE  STT LT'9 000§ 82T L9T  0STI 0¢€C 6L°€ 0089  6£T 8¢ 0s0L 81T §9C  0£TE  0€T
OF'L 00£€E  SIT Y19 0L0S  LIT L1 06Tl 0TT 6L€ 090L 62T 8¢ 06TL 80T 89C  0IfE 0
WL 006¥E  SOT (19  060S 80T 01  0€€l 80T 6L  OVSL  €IT 8 08€L  SOT 997  06£€ 11T
WL 0099 S6l €19 OLIS 861 691 08¢l 20T 8L°€ OV8L  €0T €8¢ OILL  $61 $9T  099¢ 961
9¢’L 008l LS8I L19  0TTs 06l 0L OLFL 661 6L°€ OLIS b6l €8¢ OvI8 €81 L9T  0Op8€ €81
LEL  0010F  LLI €19 0LTS  6LI 89T  0¢ST 68T 6L 0858 V81 6L°€ 0878  SLI 99T  0L8¢ 081
yEL 00STH 991 SI'9  0S€s 691 LYT  0LST  €L1 6L€ 0906  €LI %E 06L8  $9I §9T 000 ILI
8€'L  00LvF 091 19 08¢S  8SI LT 06ST 191 8L°¢  0sS6  T91 €8¢ 0£06 191 §9°T 01Ty €91
oL 0088y 8pI SI'9  0ppS  IS1 89T 091 0SI 6L°€ 00TOL 1ST €8¢ 01S6  ISI 99T  0FSY 9Pl
8L 00VTS vl 919 0TSS  6fl 891  00LT 6fl 9L°¢  00LOT  Ob1 ¥8€ 00001 THI 89T 088t  Lfl
L 008SS  I€T €19 085S 6CI 69T 0081 621 LLE  00ETT  TEI 8¢ 00901 0€I L9T  081S  STI
€TL  00Iv6 LL ST'9 0865 LL LT 0S€T  LL €8¢ 006L1 LL €8¢ 00VSI  LL LT 0eyL  LL
Cwald o1 Dl [wald 017X [lz Twald 01°%% il DI 012%% [z [wald j017% 1z [wald  017% [z
ML—=0 AL — =@ 8- =0 MST— =0 My—=0 M9p—=0
O*HT-*TPD otg z-t1ng O'H z-fTwg O'HZ*TPN O‘H T 11 O'HTYTD

(CONEHLD =7) sareozZUdqOIUIP-p*E aprueyiue] 1y 2y} 10] eiep onaudewr ponie1d( zdqe],



W. Ferenc

867 00C6  S6T 676 00L9€ 96T P01 006SF 162  CL'Of 00€Th 967
86F 0096 08T LTL 0007T 96T LT6 00VSE  T8T 00l 0008F 8T SI'0T 00vSP LLT
86'v 0066 0L €TL  00S€T  ¥LT 876 0066€ TLZ €501 008SP 96T  vEOL 00T6F 89T  1TOT 009LFy  L9T
96t 00TOI 19T 6TL 00T¥T OLT 676 00STF 79T  9S0I 00€E6F 94T  6€£01 00LIS  LST 8101 00S6Y $6T
L6  00LOI  L¥T STL 006V 09T 976 006TF TST  8SOT 00VTS 09T LSO 00S€S  Lvc  T1°0I 00SO0S 9T
L6r  O00I11 L£Z LTL 0009 0ST 876 006%F TPT  SSOL 00b¥S  6¥T  8E€0T 006SS  LEC  9T°0T 00LTS 8€T
v6'r  00V11  LTT S€'L 00897 SKT 97’6 0099% TET 7SOl 00895  LET €401 00686  L2C  SI0L 000%S €£T
L6v  000T1 91T 0L 00£8T  1€T €€°6 00S6F  €TT  ¥SOL 00T09  +¥ZC  8€°01 00F09 61T  LI'OT 00L9S 172
v6vy  00rTI  SOT 6TL 00v6T TTT 9¢'6 00SIS  €IT 80l 006€9 80T  LE£OI 00b€9 80T  8I°OI 00809 90z
L6Y  000€1 961 6TL 00V0OE 1T ST6 00£€S  €0T 9501 00089 861 I¥'0T 00899 661  $1°0T 009+9 z61
S6v  008€l 18I 6TL 00£TE  TOT 676 00595 €61 IS0l 0060L  S8I  OFOL 00869 061 9101 00E£L9 S8l
86  00PPl  PLI 8T'L 00P9E  8L1 IT6 00685 T8 €501 009%L  6LY 70l 00S¥L  SLI  ST'OL 0010L LLT
9t  000ST  $91 8TL 0078 691 €€°6 00TS9 691  TSOI 00T6L 891  9¢0T 00TLL  OLL  SI'OT 00S+bL 991
L8V 00951 6¥1 0€'L 0080y 651 676 00889  6SI 19°01 000L8 SSI  8€0I 00Zv8  9SI  8I'0L 0OTIS €51
667  O00LLL 1¥1 8T'L 0062y 0SI LT6 00ZEL  6vI LSOOI 000T6 SPI  OPO1 00606 SHL  SI'OL 00E£S8 24!
667 00181 I€1 9T’L 0009¥ 6€1 976 00£8L 651  SSOI 00S66 €€ OFOT 00L96 9€1 8101 00616  ¥El
00S  00vel 0TI 6£L 00TIS 6T1 06 00ZS8  6T1 €501 000901 #T1  OVOL 000TOT OSI  STOL 000CTOT 0TI
00S 00597 LL 91'L  0088L LL 6T6 000PPL LL TS01 000S91  LL 0£°0T Q0091  LL €101 000€S1  LL
Cwald  or% M1z [wgl o17% Ml [walt  ,017% [z [wald ,017% Dl [wald gor”Y% Dz [wald 1Y% M1z
MAiv—=0 Ay— =0 MT—-=0 M9— =0 AE—=0 N9— =60
O*HZ-*T9X O°H - fTwy, O'Hz*1d O*H7-*ToH O'H7-*74Q O*HT-FTIL

656

CONTHLD =7) $91B0ZUIqONTUIP-H'E IpTUBYIUR] AABIY 2] J0] BIep dnoudew pafre1a( ¢aqe],



Magnetic Moments of Lanthanide Nitrobenzoates 657

balance. Measurements were made at a magnetic field strength of 9.9kOe. The calibrant employed
was CoHg(SCN), for which the magnetic susceptibility was taken 16.44-107° (cm3g™") [7]. The
correction for diamagnetism of the constituent atoms was calculated by use of Pascal’s constants
[8]. The magnetism of the samples was found to be field independent. The temperature-independent
paramagnetism of rare earth ions was assumed to be zero. The magnetic moments were calculated
from the equations:

1= 2.83 (0 D2, )
w=283[(xu(T - ©)]". @

The obtained results are given in Tables 1—3 and Figs. 1 and 2.

Results and Discussion

The magnetic susceptibilities of lanthanide 3-nitro- and 4-nitrobenzoates were de-
termined at 298 K whereas those for 3,4-dinitrobenzoates over the temperature
range 77 —296 K. The values of Weiss constants, ®, determined for each complex
of 3,4-dinitrobenzoates (Tables 2 and 3) were found to be of both sign. For most
of the 3,4-dinitrobenzoates of rare earth elements they show negative values whereas
for gadolinum and erbium 3,4-dinitrobenzoates positive values were found. A
positive value of @ may be caused by ferromagnetic spin interactions while a negative
one may probably arise from antiferromagnetic spin interactions or a crystal field
splitting of the paramagnetic spin states [9— 12].

The relatively small absolute value of ® for 3,4-dinitrobenzoates of Gd—Tm
are in the range 2— 7K, while the greater ones for cerium, praseodymium, neo-
dymium, samarium, and ytterbium are ranging from 25K to 83 K. Only for eu-
ropium 3,4-dinitrobenzoate a very high value of 724 K was observed (Table 2).

From the literature it follows that weak interaction between atoms or ions
causes small values of ®. In the complexes of 3,4-dinitrobenzoates the paramagnetic
central ions remain practically unaffected by the diamagnetic ligands coordinated
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Fig. 1. The dependence between y,, and T for 3,4-dinitrobenzoates of Ce, Pr, Nd, Sm, and Eu
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Fig. 2. The relationship of y,, and x,, " versus T for erbium 3,4-dinitrobenzoates

around them and the f electrons causing their paramagnetism are well separated
from outside influences. The higher value of ® may suggest the interaction of the
crystal field of ligands with the central ion. The values of p determined for all
complexes (except that for europium 3,4-dinitrobenzoate) are close to those cal-
culated for Ln** ions by Hund and Van Vleck (Tables 1 —3), which is connected
with the electron configuration of lanthanide ions. In rare earth ions 4f electrons
are in an inner shell characterized by a radius 4/<r*) =~ 0.35 A [13]. This value is
very small in comparison with the radius of the 5s25p® closed shell (~ 1 A) and
the distance between rare earth ions, which is in fact about 10 times larger. So the
4 f electrons interact only weakly with the electrons of the surrounding atoms. Then
the intra-atomic interactions are much stronger than the inter-atomic ones and the
width of the 4f band is entirely negligible because the overlap between different
4f wave functions is extremely small.

The f electrons of the lanthanide ions are almost unaffected by the chemical
environment and the energy levels are the same as in the free ions due to the very
effective shielding by the overlying 5s5p® shell. For most of the lanthanide ions
the ground state is separated by many hundreds of cm ™! from the next higher
lying state. Thus the magnetic properties can be taken as those of the ground state
alone, making lanthanide ions in a compound act in the same way as the free ion
as far as the f electrons are concerned. The energy levels of a free rare earth ion
are only slightly modified when it is placed in a crystal.

The complexes of 3,4-dinitrobenzoates of rare earth elements obey the Curie-
Weiss law. A plot of the inverse of the magnetic susceptibility, y,, determined for
all compounds yields a straight line. In Figs. 1 and 2 the relationships between y;,
and T for 3,4-dinitrobenzoates of Ce, Pr, Nd, Sm, and Eu and also y,, (and y,,~ ")
and T for 3,4-dinitrobenzoates of Er are presented. Taking into account the obtained
results it is possible to conclude that in the complexes of 3-, 4-nitrobenzoates and
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3,4-dinitrobenzoates of rare earth elements (with the exception of 3,4-dinitroben-
zoate of europium), irrespective of the kind of ligands, no influence of their field
on the lanthanide ions occurs. The higher value of u for europium 3,4-dinitroben-
zoate compared to that given by Hund, on one hand, may suggest the interaction
of the ligand field with the central ion or, on the other hand, may probably be
connected with the multiplet splitting in the case of the europium ion. The first
excited J state is sufficiently close in energy to the ground state (and in the case
of Eu®* even the second and third excited state as well), to be appreciably populated
at room temperature [ 14— 19]. Since these excited states have higher J values than
the ground state, the actual magnetic moment is higher than those calculated by
the use of the value of J for the ground state. With the exceptions of samarium
and europium the multiplet widths of lanthanides are very wide compared to kT
at room temperature, while those for Sm and Eu are comparable to kT [14, 17].
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