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The fluorometric determination of La(III) with 2-hydroxy-5-methylbenzaldehyde semi-
carbazone (HMBS) and the substituent effects on the fluorescence intensities of La(III)
complexes with salicylaldehyde semicarbazone derivatives have been investigated.
La(III) easily reacts with salicylaldehyde semicarbazone derivatives at high pH range to
form stable complexes. The fluorometric determination of La(IIT) was impossible with-
out separation of La-complexes, because the excess reagent also fluoresced strongly in
basic solution. Therefore, the extraction of La-complex into chloroform was studied in
the presence of dodecylbenzensulfonate in order to separate the excess reagent. As a re-
sult, the determination of La(III) could be successfully carried out. Three kinds of
salicylaldehyde semicarbazones, i.e., 2-hydroxy-5-methylbenzaldehyde semicarbazone
(HMBS), 5-chloro-2-hydroxybenzaldehyde semicarbazone (CHBS) and 2,4-dihydroxyben-
zaldehyde semicarbazone (DHBS), were examined as reagents for the determination of
La(IIl). Among these, HMBS was found to be the most suitable ligand. The extracta-
bilities of La-HMBS, La-CHBS, La-DHBS, were 96%, 98% and 34 %, respectively. The
detection limit with CHBS for La(III) was inferior to that with HMBS. La(III) could
be detected above 25 ppb with HMBS, and the relative standard deviation for 400ppb of
La(IIT) was 2.4% (n=7). The electron densities of three ligands were calculated by
MOPAC. The magnitude of the electron density in the benzene ring of DHBS was
smaller than those of the others, and the electron distribution was not homogeneous. A
significant difference in electron density was not observed between DHBS and CHBS.
The fluorescence quantum yield of dissociated ligand was larger than that of undissoci-
ated ligand. The magnitude of electron density in the benzene ring of the dissociated
ligand was larger than that of the undissociated ligand.

Keywords : fluorometric determination; lanthanum; fluorescence intensity; electron de-
nsity; 2-hydroxy-5-methylbenzaldehyde semicarbazone.
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Sc(ITI), Y(III) &7V La(lll) WERTFESKE
Wiz, FnzEtBeERORRELERTIR
WA BDEMERE SR T, FNM, La(lll) 0L
FEREL, BOFTORNRE LMD 4 v OO
BICHARTHERIZS WD, vy 7HERE, —icH
KHFICKHEINTVWAMDF L — PAESHEL T,
SEADBEABFINENE UL REVEVLIREEFLT
B, o dEBETHRICLSEAERZZ TR
EUTHZFOfEKIE, HERNAE LBEETIEMSES

alf}

N5, KT La(lll) 75 Sc, Y SRV ) F

VT NVFE B I AWV yRIO Yy 7 EE & EEEHE
BTRISET A2 EZRNZL, La(lll) AL A ¥
REVEMRE T cHT a2 2 &It kY, REEHDE
WERBEAZ A ERE S La(Ill) OEEN AL QL
Stz. X, FYFLUTLFe Ft I3 VEHEERD
Ry EYBIZOVLBEHREZRLSE, La(lll) ODEE
REICRTFIREL2KBE Lr. BERREOER, HE
DIFHERAE DB VICHES MEH F OB BE T INEISEL
ZERICOWVT, MOPAC » 5B 6 NIBFEESM,
HTHEBEBO T A X —ED ORET AT > 2D THRE
5,

2.1 H E

La(II1) EEEER: BT RIS FHEERRK (1000
ppm, MIFEHEZEE) % 1 mol/l HNOs THEFBRUL TE
HUui.

2 FOF V5 XA F MRy ATNT e RE3HUNY
v (HMBS), 2-k Fu*¥.5.70uXy X7 V7T R
£ IANAVY (CHBS) RU 24-Vk FuF Ny X
Tk Nt 3IH W3V (DHBS): HMBS, CHBS,
DHBS &, #hEh, 5-AF N JYF VT ILT e N, 5
o) FUT VT RRU 24-YVe Fu¥d vy X
FTLUFe FERI AT FIERIEZFEH U T Free-
man 5D HEIIZEVEKL, NN-YAFVARIVAT
I F (DMF) IZWBfRUTHEBL.

RFEY Ry EY A NUAVEEF ) 74 (DBS): B
BLRREL DR a3 % K THR U T 0.4 w/v% B
EREBU .

EEER: RESHREATEES Yy s (ROEHE
£) 1T XY 0.08 mol/l KB ZHWL, REEICLD pH
QB LD EERL .

FOMOREIHPERTEAEZOEEHEALL.
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2.2 ¥ B
ISR U2 D ER—DHDEFER L.

2.3 EABRE

HMED La(lll) #&GERIC, HMBS %28 CHEK
(0.1 w/v%) 4ml, DBS KEMW (04w/v%) Iml &
0.08 mol/1 PYk v EEF bV v L/KIBW 5ml ZI1% pH
8.6 ILHET B, FD%, ZHKCLEZ 25ml ITHE
UEBAK %2 100ml WIKRSFICHEd. 2hic, 7ua
ANV A 10ml 2% 10 SERVEES. BODHES
(4000 rpm, 3 77F) ZRL 2 HENHBESE, POH]
B OB IRIER 250, BEIEE SREL £ DFOGRE
ZHIET 5.

3 MEREUER

31 BHERUELANY ML

EHHAERD La(111) $E{E K O 2 O 223 ERIK D FhiE K
CRIE AN DV EBIE LR % Fig. 1(a) 1ITRY.
¥, La(lll) OEBOBRIZHERT 554D 1/100 O
e T, KB TOERBEOBREROHIAEANT b
% Fig. 1(b) 12”9 {HIE L pH €N END
La(III) EEBEOHFH pHl. Fig. 1 ® A7 bV
Bxr - — ko THIELLBDERNLIZ. 28, Fig.
1(a), (b) OHEIGHRE ZR—-OBECRIEL 2. B
RO La kO RMBEEE (Ex) ROENXER
(Em) &, HMBS, CHBS, DHBS 2\ /12 & &, €N
# h HMBS (Ex 380, Em 465 nm), CHBS (Ex 380, Em
455 nm), DHBS (Ex 355, Em 415 nm) T& > 7z,

B FUT VT Rt H WY VHRERIGERED
BOICLVEEDEIRS DM, KBERPTEZNZNED
WA FKT . o, BEEAKDTIET 2/ -k
EEEL MR IC e, BRI L BICEBOEES RO 5
na. —75, FhENOFERIIEEBICHT S B
IIHIFEAEHKEEFL RV, o7, ERKBEFRTIE
FOBVWERBEBEOLOEENFAEL XN TET,
La(III) @ k> niEEWESTRIGT 2E&BA 4 ¥ DE
BLHAZTH C L THRREE 2 5.

RFEICBWVT, ARHEROERREL, KEFOHD
B L #2384, HMBS, CHBS, DHBS OZh &P
1/650, 1/800, 1/100 &/2 0, HHEEEEZITY 2 &ITK
DERBEIE L BERINSE &GP -1

3.2 BERGRUTEEHE
FnEhoREEAVLEE, La(ll) OEEICHT
HEGEZNARE U ol pH ROBRBEEIKRE S,
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Fig. 1(a) Excitation and emission
lanthanum complexes in chloroform
(a): La-HMBS complex; (a”): HMBS blank; (b):
La-CHBS complex; (b): CHBS blank; (c): La-
DHBS complex; (c’): DHBS blank; (a), (a):
HMBS, 8.3X10™*mol/l; DBS, 2.8X10™*mol/l;
pH, 8.6; (b), (b"): CHBS, 5.6X10”*mol/l; DBS,
2.3X10"*mol/l; pH, 86; (c), (c’): DHBS,
8.2X 10 * mol/1; DBS, 4.6X10™* mol/1; pH, 8.8.
La(III): 25 ug; DMF: 16%, Shaking time: 10 min;
Aqueous phase: 25 ml; Organic phase: 10 ml (chlo-
roform)

spectra of

pH »5 HMBS, CHBS, DHBS iZB T % Z 1 8.6,
8.6, 8.8, HAEBENZNFN 83X107% 56X107%,
8.2X10 *mol/l, DBS BE » £ h £ h 2.8X10™ %
2.3X107% 46X10 *mol/l TH-1:. B—BREDE
LT L0 HERE, RBEHIPELIELLTHY, &
HERICB I 2BEREDEVEBEIIRETVLDTHB
W55 {Fig. 2(a), (b), (o)}. EXRBECROBRE
MEERUIER, WIThoRBEZ2BOIRESTH
O~4ppm OHHEH CREIF L ERBEFEHLE > N 1.
HMBS, CHBS, DHBS 2\ /2354, La(IIl) O#H
IR (S/N=3) i&, ZhZh 25, 35, 90ppb T& -
. BEULEEDS B, BLRHEBRESED - 72
HMBS ZfEH U 724854, 400 ppb La(I1I) 1253 %48
XEEHERRZE (RSD) X 7 MO VKR UERT 24% <
BH iz,

33 La(IIl) SEGOHABEICRIFTIREEORE
FVFIT VT eI N v SEEKOBERE %

WL, ¥, WIE  HMBS 2H05 5 ¥ 5 v (II1) OMEEATEE S 7 ORNRE I RIFTBRESNE 949
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Fig. 1(b) Excitation and emission
ligands in aqueous media
(a): HMBS, 8.3X10™ ® mol/1; pH, 8.6; (b): CHBS,
5.6X 10 °mol/l; pH, 8.6; (c): DHBS, 8.2X107°
mol/1; pH, 8.8; DMF, 16%

spectra of

Zibx4, La(lll) OFEEBEICRITTEREDOHEIC
DVTHRET LTz, 2T - 72O La(lll) OFEET
BRI R D HE K R T Ok & ERBK O3
HRE DL THRE I NS, HRE XY E YR
T, EVBABRHECBEOR CHREINS. 22
THBHEPICB T 5 La(lll) #EROHNEFINE, £
VIRCHREL, HHHEE, SOEORMERKEKBFIZBET 5
REOHNMETFIE, ENVEHGE, FHORERE %
ATz, AR % Table 1 IW/RY. La-HMBS, La-CHBS
FEIIHHERSZNEF N, 96, 98% TH VD, B
(ZauaRla) k<HH SN La-DHBS 813
MHERD 34% THY, MHEEERELE->TO. ko T,
EERBE AR OBERKOME X HMBS & DHBS K50 T
ZIIERRZMETH - 1208, HEROZEPEBROHFEMEF
BT BEEROBEIBEDRVWAET ZEREZ> TV
5. X, CHBS OFSEDBEREIL HMBS @ 1.7 {5 &
Ao A

34 MOPAC »5#®B5h/-BFREICLIBERE
“hEDHRE

3¢4¢1 S b-I/-IVEZEUGBOEFEZESS
—RICF L - I REZHVCELBOEEZTHE, XK
B & O I38ER, ERRBEORICREICKE 2

Z2H5Z2%B. 5T, ¥ — MREKOBBRENE ZHRET
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Fig. 2(a) Effect of pH on R. F. I. of La complexes

[1: La-HMBS complex; ll: HMBS blank; O: La-
CHBS complex; @: CGHBS blank; &: La-DHBS
complex; #: DHBS blank; [J], [ HMBS,
8.3X 10" *mol/l; DBS, 2.8X10™*mol/l; La(IIl),
25ug; O, @: CHBS, 56X10 “mol/l; DBS,
2.3X 10 *mol/l; La(Ill), 25ug; &, 4A: DHBS,
8.2X 10" *mol/l; DBS, 4.6X10~*mol/l; La(III),
50 ug. DMF: 16%; Shaking time: 10 min; Aque-
ous phase: 25 ml; Organic phase: 10 ml
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Fig. 2(b) Effect of concentration of ligands on
R. F. I. of La complexes

], W: pHS86; O, @: pHB6; &, A: pHE.S;
other conditions refer to Fig. 2(a).
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Fig. 2(c) Effect of DBS concentration on R. F. L.
of La complexes

Conditions refer to Fig. 2(a), (b).

B EEENENREOHRBIIBO RO TEELR
e £27, YUFLTILTL FEIHNV Y
FUKOBEEDENCEY, REHHFORIEREDOE
BEULERIZOVWTEET 5728, MOPAC KXk 5
BTHRENTOHERITo 12, BONIETERESTZ
Table 2 IT/RY. TOEN, 4 FADEZIBEDR
e (HBREIREAPBTEEORMNPEGEISBVR
BE) LDETSBEICHHIEBERL, TTADEEE
BIFPABLTWVWAZEERT. FYFNUTIUT FE
IHNNRY YHBEEKIZET b)) - VERREEKDGE
#HL, 2OWFBITOVCEERT-> L. BTEEOFE
R SAKNICIE, 7MY, T - VEIOBVIZTED
TRYEVEBROZENEFNORZERT (1~6) OBETE
BiXEEAEEL LMoz, X, BHEDENI LS
THIANNAY FROFET (10~15) OBTEEDIEE
AEELLBDP 1.

3e4+2 HHOHBRAMICESIHME  BOEIKICH
T HEBREOHRIIERS OKBRAOICLVRIATY
3, ZOFEMNZBHRELFSEROBTORZICERL
TE2LE, BREY QEULFETZIHEE, HE
BORICETFALHL, BEXHERPOEBETHFE—K
DT B &S BUBICEHRENSEAINIHEEICHED
WHERE ST S VO ERSE O NS, T OREERANICHRE
S TEBBREDBEVICL > THIGREVSR L H2EHIZIOW
T#EE U, DHBS & 2 6, 4 D7 =/ —VIHEKER
BEDRMBOMBR, "VEVERPORERTD 24,6
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Table 1 Effect of substituents on the fluorescence intensities of Schiff base ligands
. Molecular Excitation Extractability, T Sensitivity
Ligand state wavelength/nm ¢ EMax % factor
OH HMBS pxtracted 380 0.045 1800 9 1.23
? a-complex
g:N—N—C ~NH» Undissociated 330 0.022 6300 — 1.33
Dissociated at .
HaC 2 position 366 0.12 9300 i1.9
OH CHBS practed 380 0.040 4300 98 2.28
I a-complex
g:N—}N{_é_NHz Undissociated 330 0.047 8500 — 4.33
Dissociated at 370 019 10200 — 21.6
Cl 2 position
DHBS Extracted 355 0.0071 8400 34 1.2
La-complex
OH o Undissociated 344 0.0011 1200 — 0.0158
M1 Dissociated at o
HO —O—ﬁﬁ\l—”—C—NHg 4 position 360 0.0061 6200 0.453
Dissociated at 365 0.0009 17700 — 0.203
2,4 position
t Organic phase: chloroform
SH
2 3 5
8 10 11 12 | 15
Ro— C=N—N-C-NH, HMBS : R1=CHs, Re=H
*H H 13 CHBS : Ri=Cl, Ra=H
H, ° DHBS : Ri=H, Re=OH
Table 2 (a) Electron densities calculated by MOPAC
Ligand HMBS CHBS ' DHBS
Undissociated Undissociated Undissociated
Dissociation ) )
state keto-type enol-type keto-type- enol-type keto-type enol-type
1C —0.061 —0.070 —0.053 —0.061 0.175 0.166
2C —0.190 —0.186 —0.179 —0.175 —0.290 —0.285
3C 0.146 0.133 0.164 0.151 0.290 0.193
4C —0.174 —0.162 —0.164 —0.151 —0.231 -—0.219
5C —0.056 —0.067 —0.043 —0.055 0.001 —0.011
6C —0.136 —0.131 —0.203 —0.198 —0.238 —0.235 .
7R1 —0.071(0.054X3) —0.073(0.054X3) 0.058 —0.057 — —
8R2 - — — — —0.291(0.260) —0.292(0.259)
90(H) —0.329(0.268) —0.327(0.257)  —0.328(0.270) —0.324(0.258) —0.326(0.271) —0.324(0.259)
10C —0.050 —0.092 —0.054 —0.099 —0.032 —0.075
1IN —0.138 —0.064 —0.131 —0.056 —0.153 —0.078
12N 0.073 —0.577 0.074 —0.577 0.071 —0.575
13C 0.248 0.170 0.248 0.170 0.248 0.171
140 —0.685 —0.282 —0.685 —0.282 —0.687 —0.283
15N 0.140 0.322 0.143 0.328 0.137 0.313

The value in parenthesis indicates electron densities for protons of hydroxy group and methyl group.
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Table 2 (b) Electron densities calculated by MOPAC
Ligand HMBS CHBS DHBS DHBS
Dissociated at Dissociated at Dissociated at Dissociated at
2 position 2 position 4 position 2,4 position
Dissociation — —_—— -
state keto-type enol-type keto-type  enol-type keto-type enol-type keto-type  enol-type
1C —0.024 —0.033 —0.019 —0.027 0.372 0.365 0.373 0.362
2C —0.354 —0.364 —0.346 —0.356 —0.450 —0.440 —0.624 —0.620
3C —0.363 —0.348 0.375 0.361 0.241 0.227 0.415 0.398
4C —0.338 —0.328 —0.323 —0.311 —0.353 —0.341 —0.440 —0.432
5G —0.020 —0.035 —0.003 —0.022 0.032 0.214 0.041 0.027
6C —0.259 —0.263 —0.315 —-0.323 —0.385 —0.385 —0.453 —0.468
7R1 —0.051(0.044X3)  —0.051(0.043%3) 0.022 0.023 — — - -
8R2 — — - — —0.772 —0.778 —0.805 —0.820
90 —0.735 —0.726 —0.715  —0.704 —0.336(0.269) —0.336(0.259) —0.748  —0.739
10C 0.154 —0.050 0.009 —0.059 0.015 —0.027 0.055 —0.113
11N - —0.224 —0.120 —0.213 —0.108 —0.210 —0.133 —0.287 —0.168
12N 0.059 —0.584 0.061 —0.585 0.065 —0.572 0.061 —0.579
13C 0.243 0.174 0.244 0.174 0.247 0.171 0.239 0.171
140 —0.702 —0.296 —0.701 —0.295 —0.692 —0.285 —0.708 —0.298
15N 0.114 0.271 0.116 0.278 0.123 0.286 0.102 0.252
The value in parenthesis indicates electron densities for protons of hydroxy group and methyl group. 2-position:
2-hydroxy group, 4-position: 4-hydroxy group.
Table 3 Energy gap of salicylaldehyde semicarbazone derivatives
HMBS CHBS DHBS
keto-type keto-type keto-type
Dissociation state  {pgissoci-  Dissoci-  Undissoci-  Dissoci-  Undissoci-  Dissoc- - Dissock-
ated ated ated ated ated 4 s e
position 2,4 positions
MO
HOMO encrgy —38.786 —7.924 —8.824 —38.020 —8.697 —8.127 —7.766
{kcal/mol)
LU '
MO cnergy —0.703 —0.309 —0.794 —0.396 ~0.666 —0.284 0.030
(kcal/mol)
Encrgy gap 8.083 7.615 8.030 7.624 8.031 7.843 7.796
(kcal/mol)
Enol-type Enol-type Enol-type
Dissoclation state Undissoci- Dissoci- Undissoci- Dissoci- Undissoci- Dissoci- Dissoci-
ated at ated at
ated ated ated ated ated o -
4 position 2,4 positions
HOMO cnergy —8.637 —7.782 —8.672 —7.868 —8.552 —8.042 —7.602
(kcal/mol)
MO e
LUMO energy —0.624 —0.161 —0.714 —0.244 —0.587 —0.206 0.164
(kcal/mol)
Encrgy gap 8.013 7.621 7.958 7.624 7.965 7.836 7.766
(kcal/mol)

ITable 2(a) FOSTFHEEIIHT 2HEE] OETFHEE
Ly, BIC IHMROBER, 1,3 DBTFHARE LUIRE
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ﬁ'x B, Hf, RHE  HMBS 2FV 55 v 5 ¥ (I11) ORHEETER & 2 OULREICRIFT BRENE 953

fz. BIZ, DHBS O Y ¥ v BHRODOET & HMBS,
CHBS DL DEHBTAEARBLTVAREEL ST
Wiz, ZO#ER, DHBS OEYEHEE H HMBS, CHBS
SV EBITEL LS EEZZONS {Fig. 1(b)}. X,
HMBS & CHBS OETHESH 2B L R, k&
TEVIZRINTHEREOENSE UELERER A »T
TN RIZ, T x ) = WEKERRE SR L 72 b O SR
LTWZRWHDTHMABENRZ ZBERIZOVTEERL
fo. 7o/ = WVMKEERIZ T O bV ASREET A S b ic k
0, Ny EVRATHTZBHEET 5. Table 2(b)
FOETEEDNTP I DEN, 7 x / — VKBS
WEMELICLDDEIRBLTORVLEDED Ry ¥
VERAPDETIBREICEELTVS., Z072%, B
Teb DDHMRELSBHL TV RN D& L TIEE
KWREnbDEz-tzEEXS5N%5, —7, DHBS IT
BN, TabyB—DBEELbDDIED MO
LIz DR REVENEBENEONS. ZOoHDO O
by DRREIZ KO RY ¥ YBAOBETEEIZ— DML
RHELVEKRT B0, FERPOETONHIIERIC
RODHBHLDERY, DR, BNBREMNNS L 22
SlhEEZLNS.

3+4¢3 HOMO & LUMO OI xXNX—% MOP-
AC L&D, ZhEhOREICHE T 50 THEREKO
ANF MM EFE U, ZDHER%Z Table 3 ITRT.
BHREDENMZLY, STFHEREHO T AVF —EIIK
EREVEENZD - 12, BREOBEIREDE NI L
Y HOMO & LUMO O T ANV F—ZE(BVARH A

fo. BAEEDEEEL 7BE I, MREEL TV ITHA

TIANF—=ENNILE>TWVD, DF Y, RN
BT EICkY, TALVF—NCRESIRE Iz L &
Exoh, ORI, BREOMREEICLY UV ARy

MUBEBFERANCY 7 b A EE—HLT. 2Dl &
IERREL 72 DDIEH R OV RELIFCIREEZ I 5 5
ZEERBLUTWHA., FYFUTLTFTE FEIHSY
VEERIEREOBBICL Y, FUENRELHET
7, T x)— VKRR DRI VRIS L VRES
IFEIRRE ARV RS C & 1d, RIRUEBTEESHDY
HGREICRITTHEBLAENCRACTH VEELRTF
WizbEEZLNS.

AHFICBNT, SEBEOHSYFLT LT FE3IDh
WIS Y FHBRIZDOWVWT La EEBRBESME AT U 104
R, HMBS Z O BRICERBEVRIESR, 25 ppb 78
Bonts. BREDEVIZE-T La(lll) OBHIER
KRIETHEIIODVWTHRET L& 25, MR, 2958
WOHNBENSEELBERE L 512,

MOPAC IZ kK 2 3TE#HE R IIFHOKERD & & < —3
U, Yo 78BBO—D2THB2HVFLTLTFL FE3I P
WSy & DFBROUNBERMEETE 5 LHUR
Wxht.
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TVFNTNTe FEIANNSNY VRO Y v 7388 1E, HEMAKRP T La(lll) & KIS UL
DEEERZERT 525, BEMER TIHBRHENIE L RVENERT 5 10 KERETO La (1)
DOENAFEBIIRETH o7z, ZITRTINRNYEY ANKAVEEF MY A %BFT 2 HEEARRE L
lo. IEQEMZHFD La $EAid 7 na RV aichiiah, B2 7 ua RV ARICBNT—SE s h

TTBREEEIZILAEHAEEZR UL 528 La(lll) OEENHEEE 12 - 17,

X, 3 EEOY ) F

WTNTe Be I AWV VEBRBRIZOVTHE 2TV, BHREDBEVIZL->T La(lll) OEEBRE

ICENEUBERICOWTHERE L 1.

BiZ, MOPAC DFtEIC LV E#HREDE Y, BEREOTIZ

£ ORMA S OUETNRDE I USRI BT BENT, 45 FREEHDT AL F— 25

LOIRET Z1T - 17,

NI | -El ectronic Library Service



