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RETENTION BEHAVIOUR OF AROMATIC ACIDS IN ION-PAIR
REVERSED PHASE LIQUID CHROMATOGRAPHY

LEONIDAS G. BACHAS, JOHAN H.M. VAN DEN BERG, HARRIE A.J. LINSSEN
DSM Research, P.O. Box 18, 6160 MD Geleen (The Netherlands)

(Received November 14, 1979)

Summary

The retention behaviour of some aromatic carboxylic acids (Mandelic acid, Benzoic acid,
Salicylic acid, o-Phenoxybenzoic acid, p-Hydroxybenzoic acid and m-Hydroxybenzoic acid)
was studied in a reversed phase ion-pair chromatographic system, using a hydrophobic .
column packing material and mixtures of propanol-1 and aqueous phosphate buffers,
containing various concentrations of n-alkyltrimethylammonium ion, as mobile phases. The
influence of this last ‘ion on retention was investigated. The retention of ionized aromatic
carboxylic acids can be increased considerably by adding such a compound.

In the system concerned, the retention is directed by an ion-exchange mechanism. That
means that the quaternary ammonium ions are adsorbed on the surface of the packing
material forming ion-pairs with the phosphate ions of the eluent, and those last ions are
exchanged with the ionized form of the acids.

Key words : n-alkyitrimethylammonium ion, Aromatic acids (Mandelic acid, Benzoic acid. Salicylic

acid, o-Phenoxybenzoic acid, p-Hvdroxybenzoic acid. m-Hydroxybenzoic acid), ion-pair reversed phase
liquid chromatography.

Abbreviations : MA =Mandelic acid; SA = Salicylic acid; BA = Benzoic acid;
0-PBA = o-Phenoxybenzoic acid; m-HBA = m-Hydroxybenzoic acid; p-HBA = p-
Hydroxybenzoic acid; TBA = Tetrabutylammonium ion; TDTMA = Tetradecyltri-
methylammonium ion.

Introduction

A few years ago the separation of acids by liquid chromatography was almost
always performed by ion-exchange columns. However, recently it was found that
the reversed phase systems are preferable for the chromatography of ionizable
organic compounds . That was after the development of alkyl modified silicas as
packing materials?
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The technique used in this study was a reversed phase ion-pair chromatography,
where the addition of a-suitable reagent in the eluent increased the retention of
those ionizable compounds® The retention can be regulated by changing the
concentration and the nature of the extracting ion, the counter-ion and the alcohol,
or by changing the pH, the temperature and the packing material * Several theories
were postulated about the mechanism of this type of chromatography 57 1In this
study, because an obvious adsorption of the extracting ion was observed, it was
assumed that an ion-exchange mechanism directs the retention®

The aim of this investigation was to study the retention behaviour of some
aromatic acids (Mandelic acid, Benzoic acid, Salicylic acid, o-Phenoxybenzoic acid,
p-Hydroxybenzoic acid and m-Hydroxybenzoic acid), in such a system by changing
the nature and the concentration of the extracting ion (quaternary ammonium’
salt). It also gave preliminary data that might lead to a finding of a better system
for their separation and determination.

Theoretical

It was apparent from the breakthrough curves that the extracting ion (Q") was
adsorbed onto the hydrophobic surface (L). Counter-ions from the eluent (B> and
HB") neutralize the positive charge of the adsorbed extracting ion®. Finally the
tracer ions (A°) are exchanged with those counter-ions.

The equilibria that mainly contribute to the whole process are:

HA,=Hl +A, K, = ————[[gi"i[]A;“] (1)
HA, +L=LHA, Kya = [[%{HT[?:]] )
AL +L,=LA; K= [[i?n_j] (3)
Qi+ L =LQ; Ks%—%l @
2LQ;+B}, = (LQ");BY K :,[%%% ®)
(LQ"),B2+2A, =2LQ A; +B2 K 4= i Ifg?)+21;_§1]2[i3i";]z (6)

At the pH of this system both hydrogen phosphate (B?) and dihydrogen
_phosphate ions (HB") occur in the eluent, so another possible ion-exchange
equilibrium may also be written:
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. A trrm- _ [LQ"HB,]
LQ;+HB;, =LQ"HB; K; LQTHB-] (N
LQ'HB;+A_,=LQ"'A,+HB, K.,= LLQ AJIHB p) (3

< [LQ"HB;][AR]

But it is known from previous studies that divalent ions are bonded stronger
than monovalent ions, so this last equilibria can be neglected’.

The subscripts s and m denote the stationary and mobile phases respectively.

The distribution coefficient is defined as:

_ C, _ [LQ'AJ+[LHA] + [LA]]
K=&~ [HAn] T [AL] ®)

A more useful expression is obtained by substitution of the relations (1), (2), (3)
and (6) into the relation (9):

K = KalLQ'A] H'[LHA] n K4[LAS]
(Ko +[H D[AR] (K, +[H D[HA ] Ko+ [H DA ]
_ K, Kal(LQ":B3] |2
K= ( B 1 ) *
[H'] K,

B SENT G B

Because the dissociation constants of the acids used are in the order of 10~ to
107 it can be assumed that [H']<K,(pH>pK,) and thus:

KJ[(LQ*),B2] |2
= ( T ]> A

The adsorption of an extracting ion in a system like the one concerned, could be
successfully described by a Freundlich type isotherm: '

[(LQ");BI1=a[Qp]"" (10)

Thus

_ ( aKalQn1"" \'*
o (e YR
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1
log(K-K,-) = ey log[QL1+C (C = constant)
Knowing that.k” = qK (where q is the phase ratio) it can also be written that:

1
log(k’ —k}-) = 5~ log[Qn] +C’ (1n

Therefore, the plot of log(k” —k’s-) vs. log[Q1,] should be a straight line with a
slope of 1/2n.

Experimental
Apparatus
The apparatus was a self-built chromatograph (fig. 1) equipped with a pump

INJECTION
PORT |
SOLVENT 1T
EN uv 4
reservoir| > PUMP COLUMN DETECTOR[— WASTE
1
CIRCULATING :
WATER BATH L
PRESSURE RECORDER
GAUGE

FIG. 1 : Chromatograph

(ORLITA, SK 15 with a pulsation damper), a high pressure sample injection valve
(RHEODYNE, 70-10) with a 20 pL standard sample loop (RHEODYNE, 70-11), a
standard HPLC stainless steel column (length 15 cm, I.D. 4.6 mm, O.D. 6.35 mm),
a UV detector (variable wavelength, Zeiss, PM 2D) and a recorder (KIPP and
ZONEN, BD8). A circulating water bath (LAUDA THERMOSTAT,S 15/12) was
-used in order to maintain column’s temperature at constant value.

The feed lines were of stainless steel 316 tubes with GYROLOK zero dead
volume couplings and the column was equipped with GYROLOK tube fittings and
WHATMAN stainless steel frits (2 pm pores).

The wavelength in all experiments was set to 252 nm. The pH measurements‘
were done by means of a digital pH meter (PHILIPS, PW 9409) equipped with a
combination pH electrode (PUSL, 1290 H). The temperature was held at 40+ 1°C
in all experiments. This temperature was selected because it would be less subject to
alteration by increased summer temperatures.

.For the monitoring of the breakthrough curves the several parts of the
apparatus (fig. 2) were the same as previously mentioned except of a differential
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ANALYTICAL]

1
I
COLUMN 1 CELL
FERENTIAL
} AJREFRACTO~ -~ WASTE
|

SOLVENT
RESERVOIR

-

PUMP

CIRCULATING ~ [REFERENCE METER
WATER BATH | CELL
L i RECORDER

FIG. 2 : Apparatus for monitoring the breakthrough curves.

refractometer (LDC, 1103) that was used instead of the UV detector. Another
difference was, that now. both the column and the detector cell were at constant
temperature. This arose from the fact that the refractive index of a substance is
highly temperature dependant.

Chemicals and Reagents

The phosphate buffers were prepared from orthophosphoric acid (Baker,
Analytical grade) and DILUT-IT 1.000 N Sodium hydroxide solution (Baker).
Distilled water and analytical (Baker) or for chromatography grade (Merck)
propanol-1 were used in all experiments. The calibration of the pH meter was
carried out using TITRISOL pH buffers (Merck). The quaternary ammonium
compounds were tetrabutylammonium hydroxide (Merck,for synthesis) and tetra—
decultrimethylammonium bromide (Sigma, Lab. use).

As packing material, a chemical modified silica gel, LiChrosorb RP-18 (Merck),
was used. It had a mean particle size of 10 pm and a carbon content of 20.7%.

Procedure

The mobile phases were prepared by adding an amount of propanol-1 to a
phosphate buffer (total phosphate concentration =0.0500 M and pH =7.00)
containing a preknown concentration of extracting ion, in order to obtain a final
solution of 10 vol. % in propanol-1. The samples were prepared by dissolving an
amount of the compound in the mobile phase without the extracting ion. All the
chromatographic results reported are the means of duplicated or sometimes
triplicated injection at a constant temperature. Before changing from one mobile
phase to another the column was equilibrated with the new mobile phase.

Columns were filled by a slurry packing method. The most popular technique
for packing chemically bonded packing materials is the balanced-density slurry
packing technique ', but in this study reasonable columns were prepared (HEPT of
about 60 pm) using a different slurry packing method. For this purpose a diluted
slurry of the packing material in tetrachlorocarbon (ca. 2% w.w.) was prepared and
this slurry was homogenized and degassed by means of an ultrasonic bath. Then it
was introduced quickly into the filling funnel (fig. 3) and pressed with isooctane
into the column by means of a mechanical pump. The pressure drop was about 450
atm.
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—(# SOLVENT
| .. |RESERVOIR
PRESSURE
GAUGE
FILLING
<!
FUNNEL
COUPLING
COLUMN PUMP  |—

WASTE

FIG. 3 : Apparatus for column packing.

After packing, the column was thoroughly washed with propanol-2 to remove
isooctane and then by water. Then it was equilibrated with the mobile ‘phase.

The adsorption isotherms were calculated from the breakthrough curves. Before
measuring the breakthrough of the eluent with the lowest extracting ion concentra-
tion the column was equilibrated with the eluent without extracting ion. Then the
eluent containing a known amount of quaternary ammonium salt was pumped
through the column and the breakthrough curve was recorded using the eluent
without extracting ion as a reference . The quaternary ammonium salt in the eluate
was also identified by an ion-pairing indicator (Alizarin sulfonate) or by simple
shaking (foam formation).

Several methods have been proposed for determining the Vg, but the problem
of knowing its precise value has not been solved yet®'2 In this study several
measurements of the retention volumes of three “unretained” compounds (sodium
nitrate, methanol and propanol-2) were made in order to select the proper one for
this determination.

‘Sodium nitrate was completely rejected because its retention volume values
either gave €, values of about 0.59 (TDTMA) which were far from the expected for
such systems and so it was possible that it was excluded from the pores of the
adsorbent, or were increasing with the concentration of the extracting ion (TBA)
(fig. 4). The retention volumes obtained with methanol were taken as Vg  because
they gave better results. Besides the addition of quaternary ammonium ions does
not affect those retention volumes (fig. 4).

. The capacity factors k” for a given column were measured by -using the
equation:-

tr—tr, Vr-Vg,
tr, VRo

K=
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/A/
20 | o
€
. A
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sy [v)
] 27 [ ) v
1.5
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1.0 i 1 1 |
0 10 20 30

———¢ TBA inejuent, mM

FIG. 4 : Stability of Vg, of various “unretained” compounds as a function of the TBA con-
centration.

where tg, Vg, tr,, Vg, are the retention times and volumes for a component and
an unretained one respectively.
Results and Discusion

The results obtained from the breakthrough curves are shown in tables I and II.

TABLE 1 : Breakthrough data of TBA

TBA in eluent, M adsorbed TBA, pmol/g*

2.388x 107 2.205
4776 x 1074 2.615
1.194% 1073 3.176

* grams of the packing material

TABLE 1II : Breakthrough data of TDTMA

TDTMA in eluent, M adsorbed TDTMA, umol/g

5.025% 107 203.5
1.008 x 1073 216.6
2.040x 1073 222.1
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The logarithmic plot of the concentration of the extracting ion in the stationary
phase vs. that in the mobile phase is a straight line and that was expected from the
theory (equation 10). The slope for TBA was 0.28 £0.01 (with correlation
coefficient. =0.99) and for TDTMA 0.13+ 0.04 (correlation coefficient ==0.96).
From these plots it could be assumed also that TDTMA is a stronger extracting ion
that TBA (that is, it is more strongly adsorbed on the support) and that in the case
of TDTMA the measurements were done in the flat part of the Freundlich type
-isotherm.

The effect of the extracting ion concentration on the k” was investigated and
the results are shown in tables III and 1V and fig. 5 and 6. These curves are of the
Freundlich type and that was also expected form the theory (equation 11). No mea-
surements were done for SA and o-PBA with TDTMA as the extracting ion in the
eluent because of their strong retention in that system. By plotting
log(k' —k4.) vs. log[Q;,] straight lines were obtained with a mean slope
of 0.74+0.08 for TBA and 0.11 £0.02 for TDTMA.

TABLE III : Retention data of aromatic acids using TBA as extracting ion.

"
TBA in .eluent, M
MA BA SA o-PBA
0 0.0769 . 0.296 0.633 3.62
1.003x 107 0.154 0.450 1.06 5.17
2.043x 1073 0.207 0.562 1.38 6.11
5.014x 1073 0.367 0.846 2.54 8.28
7.997 x 107 0.426 0.959 3.09 9.85
12.167x 1073 0.533 1.31 3.98 11.7
16.010x 107 0.657 1.59 4.86 13.4
24.082x 1073 0.941 1.98 6.38 16.2

TABLE IV : Retention data of aromatic acids using TDTMA as extracting ion.

"
TDTMA in eluent, M

MA BA p-HBA m-HBA
0 0.0719 0275 ’
5.025x% 107 7.37 23.1 4.44 11.0
1.008 x 1073 8.01 24.6 4.91 12.4

2.040 % 1073 7.86 24.0 4.99 12.5
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FIG. 5 : Capacity factors as a function of the TBA concentration.
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FIG. 6 : Capacity factors as a function of the TDTMA concentration.
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The results form the slopes does not always fit the theory. Thus, for BA (slope
of 0.086 1 0.04 with correlation coefficient = 0.92) and in the system with TDTMA
it can be written:

1/2n=0.086 = 1/n=0.17

that is in good agreement with the calculated value from the adsorption isotherm
(1/n =0.13% 0.04) and supports the validity of the assumptions made. But this
does not happen with the results obtained in the system with TBA. That means that
some of the assumptions made are not absolutely correct in this system. A possible
reason is that the ion-exchange in this case is not the predominant mechanism.

The influence of the type of the quaternary ammonium salt was tested and the
results are shown also in tables III and IV. It is clear that the retention increases
considerably with the chain length of the extracting ion.

Conclusions

k’ values increase with the extracting ion concentration. The same effect is
obtained when the carbon chain length of the extracting ion is increased. The
measurements done show that sodium nitrate does not give reasonable Vg  values
and it rather had some retention even though it was excluded from the pores of the
stationary phase. This assumption, as well as the differences obtained between the
slopes of the plots of the adsorption isotherms and the retention curves, is open for
further investigation. In this study two extreme systems were studied (the first with
a relatively small carbon chain length extracting ion and the second with a very
large one). The investigation will be continued with intermediate carbon chain
length, which may give the answers to the problems faced.

Iepidnyn

Kataxpdtyon apopatic®dv oéwv oe abaTiua vypic ypoUaTOYPapias aveTTPAUEVAC
pdoewg

Mehetnifnke 1 CUUTEPLYOPE WG TPOG TNV KATAKPATNOY] OPLOUEVOV UPOUOTL-
kv kapPoluhikdv oféwv (povdeiikd, Bevioikd, oaruviikd, o-paivoEu-Bevioi-
KO, p- k0L m-uvdpdEu-Bevioixkd 0&D), o Eva GUOTNHA Y POUOTOYPOPLOG OVECTPOLE-
VNG @AoMg, HE YPMOLUOTOINGCT LIPOEOPNG OTATIKNG QAONG Kol ULYpETOv
nponavoAinc-1 kot vdatikdv pLOuloTIKOV dteAvpdtov pocopikdv e pH = 7.00
TOL TEPLEYOLY dLdpopeg ToodTNTEG N-AAKLAO-TPILEBLAO appmviakol 16vTog cav
KNty edon. Xto ovotnua mov g€etdodnke, n Katakpdinon katevdbvetar and
£vo. UM OVIoHS ovievoAlayTc. o

Epevviifnxe n emidpaon tov oppoviak@v autdv 10VIiev oTnV KaToKpdtnon
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tov ofEwv avtdv, Tov uropel va avEnBEl oe onuavtiké Babud pe tnv tpoodrikn
plog tétorag ovoiag. Emiong Mrtav epgaviic n emidpaocn Tou pikovs 1ng
avOpakikn¢ aivoidag Tov gkyvilouevou 1éviog otnv Kotokpdinon, avEoaviue-
VNG MET  OvTOY.
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KINHTIKOX MPOXAIOPIEMOX AXKOPBIKOY OZEOZX -XE ®APMA-
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Hepiinyn

Egoppdloviog tig apyéc tov kvnTtikdv pedddov avdivong oty wvtidpacn tov
aokopPikod o&fog pe tnv 2,6-51xAwpo@aivoiivdo@aivéin, tpocdiopiletal 1o ackopfikd
okl oc @appakevTikd okevdopata. Emiong mpoodiopiletar to ackopPikd ofY kat to’
dévdpoackopfikd ofd (Bitapivny C) ota ovdpa.

H mpotewvépevn péBodog ouvykpivetol og RPOG TNV ENMAVOANTILKOTNTA KOl TNV
akpifelo pe v Khacowk gotopetpikr pédodo. H akpifeia kat emavainrukdinta eivor
keAvtepn and 1.0%.

I'o ta eappokevtikd diokia mov meptéyxovy Brrapivn C 1 avdktnon kupaivetal petagd
(98,6 = 1,9)% xat (103,0 £ 1,8)%. I'o 1o evéoipa Soddpata 1 aviktnon Bpébnke petagd
(100,71 1,4)% war (101,7 £2,2)%. H péon avdktnomn yio ta ovpa Bpédnke 96,0% evd yia
10 MAdopa eivar yapnidtepn.

Téhog yivetar olykplon Tng mpoTevopevng pedddov e v KAQCOLKY QOTOUETPLKY
uéBodo mpocdlopiopot debdpoackopPikol o&fog pe 2,4-divitpoeatvurvdpalivng (DNPH)
yio mpocdopiopods oto obpa. Meretdtor 1 mapepnodiotikty dpdon doedpwv ovoidv
otv akpifee g pebodov. :

Opohoyia : Kwvnruikry péfodog, AckopPikd o0&V, ®appakevtikd oksvdopata, BioAoyikd vypd,
Avayaition porg..

2vvrurjoers : Ve =Buapivny C, AA = AckopBuké otl, DAA = Aeiidpoackop-
Biké 0EG, DCPI =2,6 -81yA®po@oulvOALV3OQ@ALVOAT).

Ewayoyi

O pnyaviopudg g Proroyikrig Spdong g Prtapivng C Sev éyer axdun
evieAd¢ drevkpvioBei, elvar yvootd Spog ta anoteAécpata and Ty EAAELYT T1G.
Etoun, m é\Aewyry g mpoxaiei okopPodto, yati Sev mapdyetor koAAayévo,
odovtivn kot yovépmddng ovoia.
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H prrapivi C (Vo) o¢ woyvupd ofeidoavayoylkd COCTNNO E€L0EPYETAL GTIG
ofeldoavoywylkéc avTidpdoelg Tov opyovicpoy kot PeTafdirel Ty dpaocTikdTn-
Ta moAlodv evibpwmv.

O mpocdiopiopde e Prropivng C oto Broroyikd vypd Aapfdver diaitepn
onpacia, 0AXd to 1810 onuaviikdg eivar o £heyyoc g moAaioong Tav
pappdkov. Tia Tov okond avtd anatteital plo ypriyopn, evaicdntm kat akpipric
péBodog mov va £xel yapnid 6plo aviyveucipdTNTOC.

"Exovv mpotafel morrég pébodor Paciopéves otV ¥prion avtopdTOV YNuL-
KOV 0pYavVOV: QOCLATOPMOTONETPLKES I pBopropopetpicég 2 moAapOYpoPLKECS, Ap®-
patoypapikéc?, k.d. Ot Buocikéc aviidpdoelg otig onoieg otnpilovial ot mo Thve
pébodor eivar: o) ofgdoavoyoyikéc, dnwg eival 1 aviidpacn Tov ackopPiko
0E£oc pe TNV 2,6-51XAm pOPAIVOALVEOALVOAT >, B) GYMUATIGHOD TPOTdVTOV G -
Ene pe v 2,4-wvitpoparvurudpalivn npdg oympatiopsd aviictoryng olalévng®,
Kat y) ovpmokveon pe opBo-patvvrevodiapivn mpog oynpatipd @bopilovcag
‘tvoong 2 )

27 avt) Vv perétn, seoppoloviag TIc apyfc TOV KIVNTIKOV pebédmv
avdivong yia tnv avtidpaocn tng Prrapivne C pe v 2,6-dtyh@popaivorlvdopal-
VOATM, yivetal ¥p1iom TNg TEXVIKNG avayaitnong porg yio Tov TPoGdILOPIoUS TG
TEPLEKTIKOTNTOG SLAPOPOV POPROKEVTIKAOV CKEVACHATOV Ot 00KOPPLKS 0&D kot
NG MEPLEKTIKOTNTOG TV 0Vpwv oe apkopPikd o€l (AA), debdpoackopPikd okd
(DAA) xor ohikt] Pitapivn C (to dBpoiopa AA kot DAA).’

G)smpntmé Répog

Katd tov tpocdiopiopd tov ackopPikod 0EEog pe TNV TPOTELVOPEVT KLV TIKT
pébodo avdaivong, yivetal yprion tng avtidpoaong tov ackopPikov o€fog (AA) pe
v 2,6-d1ylepoaivorivéoparvorn (DCPI), xotd tnv omoia 1 ivdogatvoin amo-
ypopatifetor npog uia Asvkoévoon (DCPI),, to d¢ ackopPikd o&b o&eddvetat
npog dehdpoookopPikd ofD, cOppwva pe v avtidpaom

o OH
a cl c a
Omm C——C==0
i, crom—nclJe=o
HO —C C—OH - | o NH
cH(OH)—Hel_ Jc=0 CHOH
CH,OH ©
OH OH
(AA) (DCPI) (DAA) (DCPI),

H taydmto anoypopatiopod tng @oatvoivdoeoaivéineg efaptdtar and tnv
ovyKEVIpMOT Tou (AA) kot yi” avtd n avtidpact pmopel vo ypNoipeloel cav
eVOEIKTIKY] avTidpaot yia Tnv péTpnon g cvykévipmong tov (AA) og omoladn-
moTe Y Poviky otiypn petd v avipelEn tov avtidpactnpiov (AA) kat (DCPI).
H emtuyric spappoyr] onotacdnnote KivnTikrg pedddov avéritong npobmobétet
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v dnutovpyio cuvbnKdv TPOTNG 1)-WevdompdTng TagNg aviidpacn ¢ npog 10
METPOVUEVO GLCTATIKS GTO avIdphY cVCTNuE, M®OTE N TaxbTNTe avTidpacng va
givar avdkoyn mpog tnv ovykévipeon tov. T'a va cuptAnpwdei n cuvorikn avt
10 (AA) Bpioxetatl og mepicoeia. Katd v kivnikr pébodo petafintod g pévov,
nov gpappdletar oty epyacia autr, peTpovpe Tov X pévo Tov analteital yia pia
opiopévn petaBorn tg dtanepatdTnTag Tov avTdp@vTog dtaibpatog ota 522 nm
mou givar 10 1oocPectikd onpeio tov (DCPI). Zopewva pe tov vopo tov Beer
LoyveL N oyéon:

A=¢ b [DCPI]=-log T ("

6mov A 1 amoppdYNon Tou JtaAVUATOS, € O CGUVIEAECTIIG HOPLAKTS aToppOPN-
ong, b n ontiky dtadpopr) otnv kvyerida, [DCPI] n poprakn cvykEVipmon g
anoppo@ovong ovciog kar T 1 dwanepatdtnta TOov SLaAOHATOG.

H ovrtidpaon (1) eivor 20¢ tdéng kat o voépog tayvtntag sivat’

_d[AA] _ d[DCPI] _
di e

k [AA]; [DCPI]; (2

6mov k 1 otabepd toyvTNTag avridpacng otig dedopéveg cuvinkeg, [AA]; kai
[DCPI], o1 otiyploieg cuyKeviphoelg Tov avitdpaotnpiov. H mo cvvnbiopévn
KvnTiky u€B0d0¢ mpoodiopiopod givat 1 TNG APYLKNG TaXLTNTAG avTidpoomg,
d[AA] , d[DCPI]
a1 dr
g avtidpaong, petpeital avtépata. Agov 1o (DCPI) oto peietodpevo cvotnua
gival 1 pévn ovoia Tov anoppo@el 6TO UKOG KOPATOG OV PETPOVUE, Lo VOLV Ol
akorovbeg oyfoelc:

émov n mapdywyog avdioyog tng [AA] 1} [DCPI] otnv apy

logT=—¢ b [DCPI] 7 log(V/V,)=-¢ b [DCPI] 3)

6mov Vi 10 onjua €£6d0v Tov peToToAAATANGLAcT Y0 dtanepatotnta T =1 (o’
avtr TV gpyacia Vy=10V) ko1 V 10 onfuo €£6d0ov Tov @®TOTOALOTAACLOCTY
vy Someporémta T.

- H petoporri tov V pe tov ypbévo pumopei va exkopoaocbei:

v dv d[DCPI]
dt = d[DCPI] dt

4

AT Vv Gxécn (3) pe xkatdAAnin napaydyion kat pe 1ig oxéoels (2) ko (4)
. KOTOAT)YOUUE TEAMKA OTNV GYEOM: -

av
T = k AV [AA]/0.43 (5
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émov At=é b [DCPI] givor n otiypiaic onoppdenon tov-aviidpdvios piypatog.
And tmv otolyglopeTpia Tng avtidpoong -1oyvel:

[AA]t =[AA],—~[DCPI]p+ [DCPI], (6)

6mov [AA], ko1 [DCPI}q ot opyikég cuyKavrpmcelg TOV AVTIOPOVTOY. ZuVilooudg
tov (5) kot (6) divel

dv. A,V { _ [DCPI], , [DCPI], } *

dat ¢ 0,43 [AA], [AA],

H oyéon (7) emtpénet tov vnoroyiopd g [AA]g av 1 khion dV/dt petpnOei
ot oqowﬁﬁnore onueio g kapnoing V =1£(t), eivar dpmg egappdoiun ya Tovg
avaALTIKOUG pag oKomols ov 1oydovy ot okGrovbeg mpimobicelg: 1) 1 mocdTNTA
Q =(A, V)/0,43 vo. mapapéver otabepr) péoa ota miaicia Tov nslpaparucou
oPEANNTOC, TPAYHN oL cLPBuivel otV TEpintmon ™G epyociog avTigG 81i) n
nmocémta Y = {l —((DCPI]y/[AA],) + ([DCPI],/[AA]¢)} va mopapéver ctobep
Kal nepinov ion pe v povdda, péca ota TAAICLO TOV TELPAHATIKOD COAANATOS.
Av 10 (AA) tivar oe mepicosia, ovtd ocvpfoivel yuo to apylkd oTédia NG
avtidpaong. M° avtég Tig mpoimobécsig N edicwon (7) ypdgston

dv

o kY [AAlg @)

IMa petaforr] g Tiprig Tov duvapkod V ion pe AV otov ypdvo At 1 eéicaon
(8) ypapetan ‘ ‘

S .
= 5 [AAl ©)

6mov S=k Q Y. O ovvtereotrig avoroyiag S/AV oty etiocwon (9) eivar n
kAion ¢ avoAvtikig xKaumding yio tov npoodiopiopd tng [AA]y. Metpovrag
Tov ypovo. At ya pia opiopévn petaBoArrn tov ofpatog oTNV apyfq g
avtidpaong pmopovue va vroloyiocovpe TNV apylky cLykévipwon Tov ackopPi-
k00 o&éog oto Seiypa. H xapmdkn avagopdg diver tig tipég tov avTicTpoPOL
yxpovou 1/At, cuvoptriost g apylkric ovykévipoong tov (AA) cTo NeTpPoduEVo
deiypa.

Hepapatiké pépog
a) 'Opyava kar dardlers.

Xpnowonotrifnke n metpopotiky] dtdtafn mov avapEpeTal oe TPOT YOOUEVES
gpyaoiec kar mov deiyxverar oto oyfupo | &9
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EXHMA [. Awoypappotiky TopacTocT TOL QACHOTOGOTOUETPOL KIVITIKHG MERETNG
Tayeldy aviidpdoswy kot T HeTpN Tkt Sidtaéng 1: Tootnpa ovapel&ng kat avoyoitiong
poiic, 2: Potonoriraniaciactic, 3: Evioyutic kot Stupoppotiic nhekTpikod orfjuatoc, 4:
Hhigktpovikdg maipoypdeog, 5: Ymohoyiotrig xpdvouv At, 6: ¥nplakds petpntic.

B) Avtidpacriipia.

1. Otahixd oﬁl’)/ 0,2 M oe ameoctaypévo 0Owp.

2. AcxopBiké ofb 0,1 M oe didhvpa oforiikod oéog 0,2 M. Awatnpeitor oo
yuyeio Yo éva prjva yopic onpaviikn oAloioon tov (AA) (Merck, Extra pure).

3. 2,6-81xAwpoaivorivdogaivérn (DCPI), diGivpo 1,0 10° M ot 0,02%
NaHCO 3 (Merck pro analysi). H titA08dtnon Tov StoAdpatog avtod propel vo-
viver gite oykopetpixkd pe mpdtumo Sdivpa (AA), eite QUCHATOPMTOUETPLKA
AapBdvoviag T Tt Tov poplakoy cuvtelesTy anoppdenong £ = 8600 Mem !
o670 U1jKOG Kvparog A =522nm % To Sudivpa Sratnpeitar avarrointo 6T0 Wuyeio
Yo évo prjva TEpimov.

4. Metagpocpopikd ot (HPO3),, vdatikd didivua 20%. Awotnpeitar oto
yuyeio To mwOAL Y10 dVvo eBdopdded.

5. 2,3-Swugpkantonponavorin-1. Xnpikaog kabapd avidpactripto.

6. Yopoteidio tov xoriov KOH, vdatikd didivpa 50%.

7. N-01BvA-poreipidio, vdatikd didivpa 3,2% w/v.

8. 2,4-8witpopatvvrvdpaliviy (DNPH), didhupa pe Beovpia. AwAdouvps 2g
DNPH «xo Ig Ogrovpiag oe 100 ml H,SO4 9 N xar dinBodpe.

9. Tpryrwpoolikd ofh 4% w/v.

10. O&ik6 okY 10% v/v.

11. H,S0,4 85% w/v.

y) Xdpaln tng Kaumbing Avapopds.

H npogtowacio kol n piBuion tov opydvov yivetat Katd Ta ava@epONeEvVa O
TPOT| YOVHEVEG EPYACIEG 89 Inueidvovpe Tig evdeifelg Tov peTpnTH Y pdvoL Yia 5
TOLAGYIGTOV PETPNOELS KOl Yoo 6Aa Ta mpoTuna dtorbpata. T kdBe npdtumo
didivpo dwaPalovpe otov peTtpnTi TOV Y povo At yia pro wpiopévn (T ida yia
6la to mpoTuma Saivpate) petaforn tov orpotog, AV=0,5 V, ot0 apyiko
ypappikd THipa TG KopmOANG avidpdoens Kol CTHELOVOVHE GE YIALOGTOUETPL-
K6 yapti Tovg aviicTpoeoug xpovoug 1/At cuvapTioEL TG CUYKEVIPWOTC TOL
(AA) tov mpotimev Sadvpdtov. Me v pébodo tov elayictov TETPAYOVOV
Bpiokovpe- qv xhion g kKapmoing avagopdg (K. A) H nipq g khiong
Bpéonke 164270+ 1540 s' M kat 75220+ 705 s*M™ yia ovykevipdoeig
DCPI 4,0 10° M ka1 0,9 107 M avtictorya kot eppokpacio 25 °C. Kat otig Svo
nspmrd)csétg AV =0,5 V.
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&) Ipoetowaciao twy deryudrwy yia npoadiopioud (AA) o€ papuaxevtind oxevdouata

1. Awokia acropficod oEéoc: Zuyilovtal ka1 Koviomotovvtal Ta diokia Serypa-
ToAnyiag oe “Iydio mopoerdvng. Metagépetar akpifdg Luyiobeion tocémta tg
OKOVIG, OV avIIoTOLYEL Tepinov ot | mg (AA), o€ OYKOpPETPLKY PLIAT T@v 50 ml.
To Seiypa Srarvetor oe oarikd o0&V 0,2 M Kol CUUTANPOVETOL 1] PLAAT PE TOV
310 diarvTn péyxpt yapayfic: To AapBavéuevo dravyég didivpa petd and dijénon
7 @uyokévipnon eivar étopo yio pétpnon.

2. Awkia (AA) mov mepréyovv asPéotio 1 dAdec ovaies mov avtidpovy ue ofalixé
oéb: Axolovbeitor 1 id1a mopeia oV TEPLYpAYANE TLO TAVE, PE TNV dloPopd OTL
avti yio oEahikd of ypnowonoeitor ofikd oEv 10%. -

3. Evéowa % oworia (AA): Metagépovtol o OYKOMPETPIKT] QLaAn tov 50 ml,
akptfag perpnuévog dykog evéoipov 1 oipomod mov avtictoxel o 1 mg (AA).
ToumAnpovetar pe ofaiiko oEd 0,2 M péypr v yoapoyr.

‘¢) Ilpoetoyacio twv deryudtwv yia tov mpoadiopioudé Prrapivec C ota obpa.

L Ilpoadiopiousc (AA) ata ovpa: Apordvovtor 10,0 ml odpa péyxpt dyxov 50,0
ml pe 1pryropoolikd ofb 4%. To AapBavéuevo didivpa, petd and dujbnon sivol
£TO1HO Yl TOV TPOCSLOPLOUO.

2. Ipoadropioudc odixcric Prrapivig C ata obpa: Apordvovtar 10,0 ml obpa péypt
6ykov 50,0 ml pe HPO ; 5%. To didivpa dinbeitar oe ntuywtd nopd. Ze 30,0 ml
Tov d1bnpoTog tpootifevtal 0,1 ml Sipepxantonporavéing xar KOH 50% péypic
6tov 10 pH viver 5,5. Aprivetol to didivpa og vdpdrovtpo Beppoxpaciag 30 °C
Yo 10 rentd. Ipootibevtar 10,0 ml N-aiBvi-poieipidio kar to deiypo apriveral
070 V3pGAoVTPO Yiaréva Aentd axdun. OLwviletor pe HPO 320% kat cupninpdve-
Tt 0 6ykog péxpt 50,0 ml pe angotaypévo Kdwp. To 51(17»\);1(1 ‘avté elvar £TOolpo
Yia péTpmnon.

3. Ilpoodiopiouéc (DAA) ota obpa: Ané v drapopd e oAtkrg Brrapiving C
kot Tov (AA) vroroyiletar 10 mMood Tov vrdpyoviog (DAA) ota ovpa.

o1) Métpnon twv deryudtov.

Enavalapfdévetar n nopeio gpyosiog yio thv xdpa€n tng xapmding avaeo-
péc. Amé tic Tipég I/At (oe sT) mov Bpickoviar yia ké0e dyvooto dsiypa kot
Slapéoedg Tovg pPe TNV TIPT] NG KAIONG TNG KAPTVOANG ovapopds, vtoroyiletor 1
ocvykévipoon twov (AA) kol yivetal avayoy] oto apylkd deiypotd.

Arnoteléopota - Xulitnon

H xopmdin avagopdg eppavilel mohd koAt ypapplxémw o rnv TEPLOYN
cvykeviphoewv (AA) amé 5,0 10°M péypt 50,0 10 M xat ané 1,0 105 M péypt
50 10° M, owv n ovykévrpwon tov DCPI napapéver 1 idie ko ion pe 4,0 107
M kot 1,0 10° M avrictorya yia Tig d%o nsploxeg cuykevipdoewv tov (AA). To
oyxfua 2 deiyver Tig kapumdreg avogopdg pe mpdtuno droidpate (AA),: dmov
eoiveTol 1 koA enavoAnnTikdtnto Kot ypappikdtnta ovtdv. O cuvtereotr|g
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ovoyetioemg givar 1 =0,9998. H eravainnuikétnta eivor 1660 koAn ©oTE va
pumopei v mpotabel yapafn tng kopumbOAnG ava@opdc pe Evo poévo onpeio;
yvopiloviag and oTatioTiky avdAuon Telpapatik@v dedopévov Tt autr iépye-
tat and v apyy tov ofovev. Hepapotikd dedopéva £deiav O6TL Kopumoieg
avagopdg pe éva poévo onpeio divouv kricelg mov Ppickovian péca oTnV TEPLOYT
TiwdV KA CE®OV TV KOuTOAwv avaeopds pe teptocotepa onueio. I'a mo peydin

50 o 2,59

T 20

e .

L ()

-]

o

a 30 1,54

X -

@

-]

3

8 I

a 20p 1,0

5 (a) (8)

-

>

< g 05
1 2~ 3 1 2 3
Iaa), mx1pt (AA). mx10°

IXHMA 2. Kopmdin avagopdc yia tov npocdiopiopd ackopBikod.ofEog e poppaKenTI-
Kd oxegvdopoto Kot Proroyikd vypd.
(o) [DCPI1=4,0 10° M (B) [DCPI}=0,9 10° M

axpifela n pETPMNON TOV TPOTHTMOV Kal TV SELYUdT®V YiveTan pe To: idto Sidivpa
DCPI omnéte dev givar amapaitntn n okpiPric yvoon g ovykEVIp®onig Tov.
Xuykpion petpriceav detypdtov Ko tpotinev dtoivpdtov (AA) mov éywvav pe
SraAbpata DCPI S1a@opetikdv CUYKEVIPOOEWV eivol duvatdv va yivel pe xprion
Tov dwypdupatoc tov oyxruatog 3. To ypdenua tov oyrjuatog 3 deiyver v
eEdpTnon g Tipng TG KAiong Kaunbiov ovo@opdg and TNy cLYKEVIPOON TOV
DCPIL. H petapoiry ¢ khiong eivor 28750 avd 1,0 10° M DCPI.

ITolloi epevvntég pelétnoav v emidpacm. tov &idovg oV 0&Eog Kot
dwanioTtwoav dtapopéc oTnNv npooﬁtoplCousvn oLYKEVTPOOT TOL (AA) avdloya
pe 1o ofb ' Etnv mpotewvépevn pébodo, emetdn eivan xivnukr kau otnpiletar oe
oyetikéG PETPTioELS, dev éxel onpacio to £idog Tov okéog mov ypnoiponoleitat
apkei va pnv mapepmodiler ymuukd.

To DCPI oe 6Ewo mepifdrrov koatactpégetar. Xe pH pikpétepo tov 2
Swwomdtat o8 kKwvévn kat apivi 2Xtnv npotewvépevn pébodo dev vrdpyel tétolog
kivduvog, yoti to 8idhvpa Tov DCPI dwatnpeitor oe aikorued nepipariov kai
Epyetar o ema@n pe T0 6Evo ddhvpa yio pepd XIA0CTE TOL dEVTEPOAENTOV
Kot v avapén.
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IXHMA 3. Metafoin g kAiong tng KApmOANG ova@opds UE TNV GUYKEVIPOON TOL
DCPIL.

Zrov mivaxa 1 deiyvovion meipapatikd dedopéva and pétpnon 5 devypdtov
7oV Tapackevdodnkav and didhvon 0,1091 g Prrapivodyov okevdopatoc Sorbex
T og 100,0 ml oéohkold o&fog 0,2 M koi apoiboeng, -oe 5 Eeyoplotéd
OYKOUETPIKEG OLdAeg Tov 100 ml, kabe @opd 5 ml avtod tov droAiduatog ota 100
ml mdl pe ofahkd ofy 0,2 M. Ta mévie deiypota petprifnkav pe v
npotelvopevn péBodo kol To amotehéopata ovykpifnkav pe v KAOCOIKY
PACHOTOPOTOMETPIKT MEBOSO Tov otnpiletal otny idia avtidpaon 2.

O rivakag I deiyvel Thv emavonnTikétnra o1 6 HETPNOELS TOVL {dlov deiypa-
10¢, TNV EXOVOATNTTIKOTNTO HECO OTO TEVTE delypato KoL TV OYETIKY dlogpopd oTa
anotehéopata pe T1¢ 800 pebddoug yio kabe deiypa. H péon T tng enavainmti-
kéTnTag 10V HESOL opov TV petpricewv kGbe deiyrotog eivar 0,5%. H oyetikny
TUMIKT] anoKAlon TOL pnécov Spov yia To TEVTE deiyuata pne v KAoooiky pébodo
Bpednke 0,6% evd pe tnv wpoteivopevn pébodo eivar 0,4%. H axpifein tng npo-
TEWVOpPEVNG HeEBGBov, av ek@pachr] g oyxeTiky Stopopd peta€d Tov TIHdV TOL
Sivovv ot dvo pébodor, eivar 0,5%.

H obykpion g mpotevéuevng pebsddon pe v KAGGOIKTY GOUOUATOQPMTOUE
Tpikr) pébodo, £yive Kol o€ pia oelpd £EN PUPHOKEVTIKDY OKELOCUATOV d1oKiwV,
evESIHOV KOl oTayoveov mov mepiEyovv ackopfikd ofd. To amoteiéopota
oupEaVodY 1kavomonTiKd, énng deiyvel o mivakac IT kat 1o oynfpa 4. H khion
mc evbeiog Tov oynuotoc 4 eivar 0,9744 ka1 O OULVIEAESTIC GULOYETLONG
r=0,999"
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TIINAKAY 1 : Hepopatikd Sedopéva PETPNONG QOPRAKELTIKOD OKELAONATOG, TTOL dei-
FVOLV TNV emovOANTTIKOTNTO. Kou akpifewn tng mpoteivépsvng pedédov.

“A/A 1 2 ‘ 3 4. 5 Méocor 6pot
234 231 236 231 240
232 225 233 230 233
Xpdvot 239 233 228 233 232
At 232 235 230 230 230
ms 234 232 229 232 235
232 229 229 228 234
Méoog
0pog 233,8 230,8 230,8 230,7 234,0
At, ms
Tomixn , , . N o .
andkhion L1 7 L4 1 1,2 1 0,7 1,4 1 1,2 1
pécou 0,5 % 0,6 % 0,5 % 0.3 % 0,6 % 0,5 %
6pov
Sz
=
X o .
< &3 45,73 46,09 46,68 46,21 46,09 46,2 0,6 %
< 3 &
w | S8
°E
gg
FRR -
. 2 A 45,97 46,50 46,50 46,50 4597 46,3 0,4 %
65 o
288
Atopopd. pe-
1080 tov pe- | 0,52 0,89 0,38 - 0,63 0,26 0,54

06d%wv, %




290 AL PAPAIOIAOY, M.I. KAPATTANNHE

ITINAKAZX II : 'AnOoTeAECUATO OUYKPLTIKOV HETPHOE®Y OLYKEVIPAOOEWS aokopBikod
o&og ot diagopa deiypota, He TNV KAACOIKY QOTOUETPIKY] Kot TV KpoTewvopevn HEBodo.

Asgiypa ITepiektikétmta AA, mg/100ml* Awgopd
KAQGOLKT TPOTELVOUEVY %
uéBodog uébodog
X ()
Traydveg 19,91 20,09 +0,9
Xvopdg 39,57 40,54 +2,4
Evéowio 46,16 46,29 +0,3
Atokio 49,47 50,34 + 1,8
Awkio 104,67 104,89 +0,2
ExyOhopa 112,0 116,0 +3,6

* H meplektik6mnta avt ava@épetal 6TO METPOVHEVO Kal Oyl OTO apylkd Jdeiypa.
H eéiooon ovppetaPorric eivae ¥ =0,54 +0,974 X

O cuvtedeotrig cuoyétiong eivar r=0,9996

E 120}
=
o
=
o
E 1o
[
0
2
.o sof
-9 .
a
F
o 60F
L4 4
3 Wz 0,54+ 0,9744.%
-3
e 40F r=0,9996
°
-]
-] L
3 2
]
o . 1‘ 1 A ek A
0 20 40 60 80 100 120

flporeivopevn péaosog,mg/looml

IXHMA 4. Zvoyétien ng mpoTElvOpevNg Kat TNG KAOGGIKNG Q@TOUETPIKTG KEBSSou
npoocdlopiocpod tov ackopPikod offog.
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H mpotewvépevn pébodog givar mhnpog epoppooiun otov EAEYY0 TEPLEKTIKG-
rtag (AA) QUPUOKELTIKOV CKELOSHATOV Tov gumopiov. Ta amoteAécuota and
v avdivon Siokiov (AA) tfjtav moAV kaAd, 6mwg deiyver o mivakag III. Ta
wpoibvta B Kar [ andé ta diokio avtd mepieiyav aoPéotio kot dAreg Exdoyeg
OUGIEC, TOVL STMG QaiveTar 8¢ MAPEUTOSilovV TOV TPOGILOPLOUS.

TIINAKAZX 11T : Anorﬁkacpara £QUPPOYNG NG mpotevopevng nebddov otov 1tp00'510p1—
opd (AA) oe Siokia tov gumopiov.'®

Kataokevaotrg AA, dnhopévo AA evpebiv Avdxktnon
avd diokio, ava diokio, %
mg mg
A 1000 1030 103,0+ 1,8
B 1000 1022 102,21+ 4,6
r 1000 985 98,5+ 1,9
A 200 203 101,1£2,8

@ o Tipég mov divovtar gival 0 pEcog Gpog 5 TPOCIOPLoUdY, Kol To ceEApaTa eival ot
OYETIKEG TUMLKEG OMOKAICELG.

Aldgpopo evéoipa dtardpota kor opémio avoArlOnkov HE TNV TPOTELVOUEVT
uébodo kol £dwoav ToAD tkavoTonTikd aroteAéopata émwg deiyvel o tivakog IV.

ITINAKAZ 1V : TIpocdiopioudc (AA) ot evécipa Stahdpata kot o1pomLo Tou spn_opiou(“). .

Katackegvoaotrig AA, 3n kmgé\/o ~ 7 AA cgupebév Avdktnon
A 500mg/@ootyya 503,5mg/ @boryya 100,7 +14
B 500mg/ voryya 507,7mg/ @ioryya 01,5+ 1,1
r 100mg/mli 101,7mg/ml 101,7+2,2

@ Tq deiypota A xai B eivar gvéowa, evd to T oipdmi. Ou tipég mov divovtal givar o
pécog 6pog 5 mpoodiopioudv, Kot T0 COAApPATO £ivOl Ol OYETIKEG TUMKEG amokhicelg.

Zto Broroyikd vypa eivar duvatév va mePEYETAL £VO CNUAVTIKO TTOCOCTO
(DAA) pe avtiokopBovtiky dpdon, to omoio dev mpocdlopiletar dpeca pe tv
TpotelvOpuevn péBodo. Avdayovtog 1o (DAA) pe TpooHrkn Sipepkartonponavo-
Anc mpocdiopiletar 1 ohkry Prrapivyy C, mov mepréyetar ota Bloroyikd vypd Kot
and v deeopd to (DAA). "Oneg damotdbnke pe melpdpato og cuvBeTiKd
deiynata n avaywoyn sivor mocotikr kot dev vmapyst anmdisio (AA), apkei va
eEovdetepwlei To HETaPOOPOPIKS 08D peTd TV TPocikn TG Stuepkantonpona-
véang °. H obykpion tov anotehecpudtov £yve pe My eMicnun @OTOUETPLKT
uébodo mpocdiopwopod tov (DAA) towv Roe katr Kuether, pe avtidpactiipto
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oulevEne touv (DAA) v 2,4-8witpogatvuludpalivy 8O nivakag V Seiyver v
“GUUEDVIN TOVETOTELECUETOV K0Td ToV Tpocdiopiopd (AA) kot (DAA) ota odpa
pe Tigzdvo pebddoug.

ININAKAZ 'V : Ipocdiopiopdc ackopPikold kar debdpoackopPikol oféog ota ovpa.
TUYKPIOT TOV ONOTEAECUATOV HE TNV KAACGLKY QOTOHETPLKN péGoSo.(")

[AA] ohikn Prro- [DAA] and [DAA] pé- Alapopd Ttov

pivn C drapopd B8odo¢ DNPH 000 peBddwv
" %
4,42 6,49 2,07 2,00 3,38
2,95 3,41 0,46 0,45 2,17
0,18 1,24 1,06 - 1,00 5,66
4,82 6,28 1,46 1,40 4,11

@ o ouykevipooelg divoviar oe mg/100ml. Ov tpég elvar o péocog 6pog mévie
TPOGOLOPICHDV.

H aotdfeia tov (A'A) oto Broroyikd vypd eivar yopaktnpiotikt. ITapatnpi-
Onke 611 ota 0Opo o€ Beppokpacia dopatiov VIGpyel plo cuveynig andAela (AA).
Te 300 dpeg N TocdTNTA ToL (AA) oTO 0Upa petdveTal xotd 42%, eved 6g 4 GPEG 1
peiwon @taver ta 75% g opyikig Tpic. .

Ened1], 6nog ava@épbnke, 1 mpotevouevn pébodog Poaciletor otnv ofetdo-
avaywyikn aviidpaon tov (AA) pe to (DCPI), kdbe évwon mov Bpicketal oto
deiypa kar avdyer to (DCPI) givar nnyn mapepnodicemv yia tov npoc&oplo;fé
tov (AA). O gvdoeg avtég Opag avidpodv pe 1o (DCPI) mokd apyd oe
ovykpion pe 10 (AA). H xivnuikn péBodog mov mpoteivetal e&oué‘)a‘tap’d)va T0
npoPAipota avtd, yati n npocdiopildpevn cuykévipoon tov (AA) Bpiloketol
ané v toydTNTe TG avtidpacng, mob eival modd mio peydin, oe cbykplon pe
¢ TV GAov avoyoyikdv ovotdv. H avtidpaon touv (AA) pe to (DCPI),
avaloyo pe v ovykévipoon tov (AA) cupminpdvetar og 20-500 ms 7, evéd ot
aVTIBPAGELS TOV GALOV avayeYlKdV cupmAnpdvovtal petd and 5-10s ' Mehétec
TOPEPTOIGTIKY G 3pdong mov ytvav pe YALkoLn, @povktdln kot EVASTn £dei&av
GTL 01 EVOOELG 0VTEG dEV TOPEUTOdilovy Tov TPocdloptopud Tov (AA) oe cuYKEV-
Tpwon 2 mg/ml tov deiyuarog. '

Enaveilnuéva metpdpato £dei&ov pa péon avdktnomn (AA) 96% ywa to ovpa,
evd Yo Tov oppo Kol T0 TAGOME TOL CipOTOG TO. TOGOGTO GVAKTNOTNG Eival
YounioTtepo. )

H yprion Tov @oocpatopwtopéTpoy avayoitnong pong npoceépel £vo axdun
TAEOVEKTNUO: TNV oUyypovn e@appoyn Kivntikng kot uebédov tedtkod onpueiov
pe to idro Spyavo. H dragpopd AA g amoppdenong mov dafdletar otnv 08évn
TOV TOAMOYPEEOL ond TNV apyf NG avridpoong péypt otabepomoinomng tov
ofpatog, Propel va ypnoiponondn yie Tov vToAoYLoHd TNG GLYKEVIPOGTS TOV
(AA) oto deiypo pe Bdon v yvoot oyxéon AA=¢ b AC. H cuykévipwon tov
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(DCPI) otnv naptmmcn ovt} mpémer va glval Myo peyaivtepn amd Tnv
ovykévipoon tov (AA).

H npotewvéuevn pébodog deiyvel OAo 10 TAEOVEKTHHOTO TOV KIVNTIKOV
peb6dov avéivong kot Adyw tou peydiov ovviereot) anoppdenong tov (DCPI)
napovotdlel peydin svarcnoio. H enavoinnrikdtnto eivar korvtepn and 1,0%.
A&Sopévou 6TL | TPOETOWAGIO TV SEIYUATOV TNV KALCGIKT Kol TNV TPOTELVS-
pevn péBodo eivar n (3o, 1 TEAEVTAIO TAEOVEKTEL KOl OC TTPOG TNV TayvnTa. H
axpifelo tng peBédov eivar kordTEPN 0TS 2% KAt £YEL SuvETOHTNTO TMEPOLTEPD
QUTOHOTOTOINGNG Y1 TPOCILOPLOHOUE POVTIVAC.

Summary

. Kinetic Determination of Ascorbic Acid in Pharmaceutical Preparatzons and Biological
Fluids A pp/ymg Stopped-Flow Technique.

Ascorbic acid, in pharmaceutical preparations and biological fluids is determined
applying stopped-Flow techniques and the principles of kinetic methods of analysis
on the reaction of ascorbic acid with 2,6-dichlorophenolindophenol. Ascorbic acid
and dehydroascorbic acid is also assayed in urine.

The proposed method is compared, concerning precision and accuracy, to the
classical photometric method based on the same reaction. The accuracy and
precision was found better than 1.0 per cent.

For tablets, containing Vitamin C, the recovery was found between 98.6 % 1.9
and 103.0 £ 1.8 per cent. For injectable liquid preparations the recovery lies in the
‘range 100.7% 1.4 and 101.7% 2.2 while for urine it is 96.0 per cent. For blood
plasma the recovery is lower.

Finaly the method is compared to the classical photometric method based on
the coupling reaction of ascorbic acid with 2,4-dinitrophenylhydrazine (DNPH),
for the determination of ‘dehydroascorbic acid in urine.

The interference of different reductants is also studied.
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STARCH DAMAGE OF WHEAT VARIETIES TREATED BEFORE
AND AFTER MILLING; EFFECT ON BAKING QUALITY
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Summary

The mechanical damage of starch during the milling of ten wheat varieties (T. Aestivum)
produced in four regions of experimental cultivation was studied. The effects of various”
treatments of wheat and flour were also examined. The magnitude of the damage was
correlated with various factors of bread making quality of the flours such as; the carbon
dioxide production, maltose index, water absorption, the maximum viscosity of starch
gelatinization, the loaf weight, volume and colour of the bread as well as the wheat
endosperm hardness. ‘ ‘

Variations of wheat moisture during milling had no effect on the extent of the starch
damage. However, hydrothermal treatment, resulted in characteristically reduced damage.

Addition of pregelatinized starch increased the overall damage and improved the cases
with very low damage associated with very little amylolysis, while the fine fraction of the air-
classified flours was enriched with damaged starch granules.

Key Words : Starch damage, milling, baking quality.

Introduction

The mechanical damage of wheat starch during the milling process has been
extensively studied ">, Its effect on the bread making quality of flours is known
from the fact that the action of a- and - amylase is easier and faster on amylose
and amylopectin of the damaged granules, while in the intact granules is more
difficult and slow*”. It has been stated that the differences in diastatic activity
between various flours is a result of their content in damaged starch granules rather
than the fluctuation of B- amylase of the wheat from which they are produced ®’.

The differences in water absorption result from the multicorrelation of protein
content and damaged starch'.

Jones® showed that the maltose index is a measure of the mechanically
damaged starch. Many workers studied the starch damage and gave different

explanations -as to the reasons that cause it 10-14,
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Experimental studies on a certain type of flour combined with the X-ray
measurement of .crystallization index in comparison with crystalline and amor-
phous patterns, showed that the reduction of the starch crystallization, was
connected with linear relation with the damage >

The extent of the damage is affected by the variety and the region of cultivation.

In the present study, the effect of various technological treatments of the wheat
before and after milling oni the extent of starch damage was studied.

Experimental

Materials and Methods

Samples of 1977 crop of ten wheat varieties (T. Aestivum) were collected from
four experimental fields with four replications each. The sample of each variety was
a mixture from the four replications of each field.

After harvesting, the samples were stored at room temperature for 30 days
under constant humidity 10+ 0.5% followed by cold storage at 5° C.

Milling was carried out on an experimental Brabender Quadrumat Junior mill
with an average yield of 62% flour. As regards moisture no difference was
observed.

Starch damage was measured photometrically by a method developed by the
Flour Milling and Baking Research Association, Chorleywood?

Flour (0.5g) was treated with trichloroacetic acid at 50° C for 30 minutes. The
amylose extract of the damaged starch granules was treated with iodine solution
and the blue-green colour developed was measured at 600 nm. The results were
expressed in units of optical density (Abs).

Maltose index was estimated after the caramelization of the extracted sugars
with 1IN NaOH in a boiling waterbath and measurement of the developed colour
colorimetrically ', The maltose index was expressed in mg/100g.

The water absorption was measured with a Brabender microfarinograph in 10g
of flour and dough concistency 500 B.U.

Moisture of Milled Wheat.

The initial moisture of the wheat samples was around 109%.

Milling was carried out at two different moisture levels one high and one low
(average of replications 16% and 13% respectively).

The moistening of the grains was effected by addition of water to the desired
level, and storage of the grains in plastic bags for four hours. The moisture was
determined electrometrically with a Steinlite moisturemeter. ‘

High. Temperature Hydrothermal Treatment (Conditioning).

Wheat (100g of 16% moisture) was sealed in plastic bags and left for three
hours. Then, they were placed in a closed metallic box (7mm thick), which was
immersed in a boiling waterbath for 10, 20 and 30 minutes. At the end of each
period the temperature of the grains was as follows:
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Time (min) V Temperature
10 67
20 75
30 84

The samples were air dried to 13% moisture and milled.

Air-classification of Flours

The flours from two hard and two soft wheat varieties were air-classified under
constant air current of 19 cm3/h"”. In the resulting three fractions, fine, medium
and coarse, the protein was determined by the Kjeldahl method (Nx5.70). Starch
damage and maltose index were also measured.

Gelatinization of Starch.

A Brabender amylégraph was employed to attain maximum viscosity. A
quantity of the gel was lyophilised in a Virtis apparatus under vacuum (5 mmHg)-
at -50°C. The gelatinization was carried out on three varieties of flour and the
starch damage of the lyophilized preparation was measured.

Dry pregelatinized starch of the variety with the greatest amount of damage
(1.25 absorbance units) was added to the original flour of the three varieties in
different amounts (5 to 30% increments of 59%) with starch damage and maltose
index being calculated (Table IV).

Evaluation of Endosperm Hardness.

The hardness was estimated as the resistance to the force applied to break up
the endosperm, e.g., the time in seconds required for milling 100g wheat in a
Retsek-Haan Typ SKI! mill with a metallic sieve of 2mm. Because of the
dependence of time milling on the endosperm structure, which in turn is dependent
on the moisture content, provision was taken that all samples had the same
moisture level 10%.

Bread Baking Test.

The experimental method of the Institute of Cereals of Thessaloniki was used.
Flour (300g) with yeast (1.25%) and salt (2%) were blended in a farinograph for
eight minuted with enough water to give a dough consistency of 500 B.U. The
fermentation and proofing time were 2 and 1.5 h, respectively ',

After baking, the weight and the volume of the bread were measured and the
bread colour was evaluated by a four membered panel and rated on a scale from |
(white, no colour) to 10 (brownish, gold pink).

The final score was the mean of the evaluations.

Results and Discussion

Effect of Milling Moisture.
The moisture of milled wheat at two different levels (ca. 16% and 139%) did not
affect the amount of starch damage (Tablé I).



TABLE I : Effect of Moisture Content (%) of Grains on Starch Damage during Milling.
Moisture Content of Grain during Milling Starch»Damage (Abs)

High Moisture Trials \Low Moisture Trials High Moisture Trials Low Moisture Trials
Variety - -

1 2 3 4 1 2 3 4 1 2 3 <4 1 2 3 4
Generoso 155 160 157 170 138 1.2 13.7 13.6 .050 .073 .078 .072 .074 .075 .08 .075
Yecora 172 160 158 161 134 -11.2 135 139 .105 .142 .200 .176 .160 .138 .220 .289
G-84909 155 17.0 160 159 132 11.8 138 132 .090 .094 .068 .064 .072 .070 .082 .068
Mec 154 150 158 16.6 139 11.8 13.7 135 .084 .076 .089 .065 .075 .065 .085 .065
Strampelli 159 175 160 162 133. 119 138 13.0 .076 .065 .077 .075 .083 .078 .070 .080
Yupateco 168 17.0 159 167 13.5 118 139 132 .110 .136 .205 .41 .155 .121 212 .163
Recanati 166 - 160 158 166 134 114 132 129 .050 .093 -090 .065 .052 .104 .080 .076
Torim 167 17.0 16.0 159 -13.1 11.6 140 - 13.0 .l65 .136 .201 .184 .170 .147 .182 189
G-84865 155 155 159 159 133 115 13.5 137 .045 .040 .065 .063 .063 .046 .058 .064
S. Cerros 15.2 17.0 160 157 132 11.5 13.8 13.5 .200 .220 .272 .210 .228 .230 .260 .224

867
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However, significant differences in damaged starch were observed among individual
varieties. The varieties receiving the highest and lowest amounts of damage are S.
Cerros and C-84865 respectively.

Electron microscopy of these two varieties clearly showed the characteristic
rupture of -the starch granules.

Enzymatic Characteristics.
The maltose index (Fig. 1), the carbon dioxide formation (Table II), and the

P
0.300|

0.260]

0.220

0.180

r=0.9853
¥=~0,0823 + 0.1167 x
X : Maltose %

0.140 ¥ : 5.0

§.D.
0.100

v,060

1.00 1.20 1.40 1.60 1.80 2.00 2.20 2.40 2.60 2.80 3.00 3.20

Qo020

Maltose W —_—

FIG. 1 : Correlation of starch damage (S.D.) and maltose index.

TABLE II : Total Carbon Dioxide Fermentographic Production in Relation to the Starch
Damage of the Wheat Varieties.

S.D,** CO,
Variety (Abs) . Production
ml/4h
Generoso 0.075 1330
Yecora 0.210 2165
G-84909 0.090 1000
Mec 0.070 1135
Strampelli 0.090 1115
Yupateco 0.208 1940
Recanati 0.105 1300
Torim 0.190 2265
G-84865 0.059 985
S. Cerros 0.295 2365

**% §.D.: Starch Damage
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water absorption increased (Fig. 2), as a result of the starch damage. Farrand 19

5.0,

0,240

0.220

0.200 r=0.61 4
¥ =-0.4079 + 0.0084 x

0.180

0.160

0.140
0.120

0.100
0.080
0.060

u.040

0.020

‘0.000 N

H0 lm—’
FIG. 2 : Starch damage and water absorption.

calculated that the ability of water absorption was 300 mg/g for the intact starch
granules and 1000 mg/g for the damaged granules. This showed that the percentage
of water absorbed by a single starch granule is not linearly connected- with the
absolute degree of polymerization, but rather with the crystalline structure. This
relatively high water absorption ability by the amorphous starch creates the
structure it has after gelatinization.

Effect of Endosperm Hardness and Cultivation Place.

A high statistical correlation was established between the endosperm hardness
and the amount of starch damage (Fig: 3), whereas the environmental conditions
had no effect on the differences observed in damaged starch for most of the
varieties, except the harder ones (Yecora, Yupateco, Torim and S. Cerros) (Fig. 4),
which showed a characteristic highest effect in the experimental region 3. This can
be attributed to the morphological developement and the endosperm structure
during the wheat ripening because of the different climate that affects the
consistency and hardness as a result of the binding between protein and starch 22,
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FIG. 3 : Correlation of starch damage and wheat endosperm hardness estimated from
grinding time.
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FIG. 4 : Comparison. of starch damage of 10 wheat varieties grown in four cultivation areas.
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Effect of Hydrothermal Treatment.

. The improvement of the rheological properties of flour due to the hydrothermal
treatment at high temperatures, is already known %,
This is a result of the change of the protein structure and especially 6f the-SH and -
SS bonds %,

The consequences on starch have not been studied, but generally a reduction of
the maltose index is observed because of the inactivation on the amylolytic
enzymes at high temperatures. The measurement of the amount of starch damage
after the hydrothermal treatment (30 minutes) in all varieties showed a reduction
and simultaneously a gradual decrease in the maltose index (Fig. 5).
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FIG. 5 : Changes of S.D. and ma/tose index after high temperature hydrothermal treatment
(conditioning).

Starch Damage in the Air-classified Fractions.

- The air-classification of the flour resulted in the transfer of proteins in the fine
fraction (Table III). This fraction was also enriched with damaged starch granules,
which as lighter and smaller were separated from the undamaged ones remaining in
the heavy fraction?’ )

The d1splacement of the damaged starch granules into. the fine fraction was
higher in the flours of the hard varieties than in the soft varieties, although the
percentage that was separated in the first ones was smaller (Table III).. *
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TABLE III : Air-classification of Wheat Flour on the Hard and Soft Varieties.

% Yield Protein Maltose

of - Content - S.D. Index

Variety Fraction Fraction % (Abs) %

(as is)

Fine 19 20.93 0.290 4.95
Medium 9.6 10.58 0.180 L7
Yecora Coarse 82.5 11.95 0.176 2.32
(Hard) Initial 100.0 12.78 0.145 2.09
Fine 8.5 18.75 0.390 5.38
Medium 12.2 9.13 0:230 2.18
S. Cerros Coarse 79.3 10.06 . 0.220 2.20
(Hard) - Initial 100.0 11.46 0.205 2.85
" Fine : 13.8 24.11 0.080 1.71
Medium 8.2 7.15 0.038 0.83
G-84865  Coarse 78.0 9.26 0.045 1.23
(Soft) Initial 100.0 1032 0.055 1.28
Fine 17.2 22.80 0.165 2.56
Medium 10.9 7.91 0.045 1.03
Generoso Coarse 81.1 9.78 0.105 1.67
(Soft) Initial . 100.0 10.46 0.100 1.48

Change of the Enzymic Action with Addition of Pregelatinized Starch.

The starch gelatinization of the flour of the three varieties examined changed
their crystallinity and resulted in an amorphous state.

Addition of different amounts. of lyophilised gel of the variety S. Cerros (S.D.
1.250 Abs, maximum viscosity 800 A.U.) in the original flour of the three varieties
increased not only the starch damage, but also the maltose index (Table IV). The
correlation coefficient of these two parameters was high irrespective -of the
substrate on which the addition had acted (Fig. 6). The addition of gel resulted in
the increase of the starch damage (Fig. 6). )

Addition of 5% pregelatinized starch improved the carbon dioxide formation
significantly (Fig. 7).

Effect of Starch Damage on Bread Characteristics.
The baking experiment was carried out on a mixture of samples of the same
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TABLE IV : Change of Starch Damage and Maltose Index after Addition of Pregelatinized
Starch in the Flour of three Wheat Varieties.

Pregelatinized Maltose

Variety Starch S.D. ‘Index
Addition % (Abs) %

0 0.055 1.28

5 0.106 —

10 0.153 1.85

G-84865 15 0.212 —
20 0.276 2.90

25 0.311 —

30 0.350 4.89

0 0.210 1.76

5 0.268 —

10 0.330 5.45

Yecora 15 0.368 —
20 0.400 6.50

25 0.442 -

30 0.490 6.65

0 ©0.240 2.70

5 0.295 —

10 10.355 5.45

'S. Cerros 15 0.372 —
20 0.420 6.12

25 0.450 —

30 - 0.500 6.45
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FIG. 6 : Correlation of starch damage and percentage of pregelatinized starch added in three
wheat varieties.
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FIG. 7 : Change of fermentographic carbon dioxide production with the addition of
pregelatinized starch during the Ist, 2nd, 3rd and 4th hour of fermentation.
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variety and from the four experimental fields in order to have the same protein
content (13%, determined according the Kjeldahl method). Figures 8, 9, 10 show
the differences in weight, volume and colour -of the bread.

S.Cerros
=)

© Yupateco Yecora

o Torim

r=0.8696
¥2-1.50724 + 0.0120661 x

Recanati

FIG. 8 : Correlation of starch damage and bread weight.
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FIG. 9 : Correlation of starch damage and loaf volume score.
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FIG. 10 : Correlation of starch damage and bread crust colour.”

Varieties exhibiting higher starch damage gave higher yield in bread and better
loaf characteristics in volume and colour. In our country, with warm and dry
climate and low diastatic activity, the increased starch damage is -desirable because
of its improving effect on bread quality.

From the data of this study it is infered that the starch damage is a genetic
characteristic connected with the wheat variety and a desirable factor for good
baking quality. Various treatments, before and after milling can change the starch
damage, while the influence of place and enviromental condltlons are apparent
espemally on the hard type varieties.

TIepiinyn

Ipoafolyi tov A;wlou Swpépwy Iowirichy Ez'raptov npw kar petd Ty Aleon:
Enidpaon otnv Aptomomrtixii Ikavitnta

TKomog NG epyaciag avthig HTov M pEAETN TNG UNYOVIKHG TpocBoAtig tovu

duviov kotd TN didpkela tng dieong 10 mokiAldy O'I.‘L'(lpl.Ol) (T. Aestivum) ané
" téoogpeg MEPLOYEG TMELPOPOTIKTG KOAALEPYELQG.

Eniong eEetdodnke 1 enidpacn tov S109épwv KOTEPYOGLOV TPLY KOl UETA TNV
dAeon 1ov ortapiov. O katepyaoieg AVTEG TTOV: KOVTLGLOVAPLOUA, AEPOSLAY OPL-
ouos, mpooikn mpolehativomoinpuévouv Guviov kol m emidpacn tng vypaciaog
omv dieon. To péyebog tng mpPooPorric Tov ApLAOKOKKOU CUCYETIOTNKE ME
didgpopovg mapdyoviag tng apromointikig wkavotntag og 1 mapaywyny CO,,
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deixktng pektolng, amoppo@nTiky LKOVOTNTO VEPOV, PEYLGTO 1E@dec Lehativo-
roinongstov. apuviov, to Bdpog, o dyKog KaL To YPOHA TOL Ymplov Kabdg Kot 1
oKANPOTNTO TOU EVOOCTEPUATOC. '

"Aleon tov ahevplod ot dra@opeTikég Bepuokpacies dev eiye enidpacm mave
o1 TpocPorn mov Spwg ELUTTOBNKE YAPAKTNPLOTIKE PETA TO KOVTIGLOVEPLOHO.

H wpocHrikn tov mpolelativomoinuévov GULAOL aVENGE 'TO TOGOV T1g
oriktig TpooPortig Tov auvAdKoKKoL Kot KOAVTEPEYE Tig mBavoTNTEG EMOPKOVG
QULAGALGTG OF MEPITTMOGCELS HE YAUNAO 1006 TpocPortis. Katd tov aepodiaympt-
oud ot khdopota oAgvplov 1O AeNTO TMPoTEiViKO KAGopa epmAouticTnke e
omoopévoug KOKKOLG Guudov. Ot ToloTikég dlapopég OTO aPTONOINTIKS Teipapa
Ty YOPUKTNPLOTIKES.
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Sommaire

L’interét du présent mémoire se porte sur la synthése des esters N-(aryl méthyl)oxo-5
pyrrolidine carboxyliques-2 et certains de leurs dérivés, matiéres premiéres 4 la préparation
-de nouvelles séries hétérocycliques. La méthode qui utilise une petite quantité de méthanol et
un solvant polaire aprotique semble donner les meilleurs résultats.

Key words : N-(aryl méthyl} 5-oxo pyrrolidine carboxyliques acids and esters.

Introduction

L’utilisation des acides N-(arylméthyl) oxo-5 pyrrolidine carboxyliques-2 4
(acides N-arylméthyl pyroglutamiques) et de leurs dérivés comme matieres de base
pour obtenir de nouvelles séries du type 5!, 6, 72!, et 8! nous a.incité de mettre au
point une méthode de préparation qui nous fournirait ces acides d’une part avec un
rendement satisfaisant et d’autre part nous permettrait de travailler avec des
quantltes importantes de matieres premiéres.

Cette synthese a été décrite par nous méme en 19733, puis Campalgne en 1975
et Ferlux® en 1976 selon un principe identique: formation du dérivé sodé du pyro-
glutamate de méthyle 2 avec du sodium finement dispersé dans le toluéne ** ou de
I’hydrure de sodium dans le benzéne ¢, suivie de condensation avec un halogénure
de benzyle en présence d’un solvant polaire aprotique, puis saponification de I’ester
formé. Ce type de réaction présente I’inconvénient de ne pouvoir s’utiliser qu’avec
des quantités restreintes de matieres prémieres; la réaction elle-me€me et aussi la
formation des associations de haut poids moléculaire du 2 dans les solvants
aromatiques sont fortement exothermiques avec toutes les conséquences lorsqu’on
travaille avec des quantités importantes de. matieres prémiéres. Nous avons donc
cherché d’autres méthodes de synthese.
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Discussion et résultats

La méthode qui utilise le carbonate de potassium et le bromure de méthyle pour
méthyler le 7° appliquée au chlorure de benzyle ne nous a donné que 109% de ren-
dement en 3 (R =H). En travaillant en milieu fondu et en présence de carbonate;de
potassium et d’un agent de transfer de phase’, le d1benzo-crown—6 dans - dlverses
conditions de durée et de température, nous ne sommes pas arrivés a depasser les
40% de rendement en 3 (R=H).

On sa1t que les imino-éthers dérivés des lactames peuvent &tre alkylés sur
I'azote®’ ,

En faisant réagir I’éthoxy-2 A-1 pyrroline carboxylate de méthyle-5 /4 obtenu
par'® avec le chlorure de benzyle nous ne sommes pas parvenus i obtenir un
rendement supérieur a2 37% en 3 (R =H).

On peut enfin songer & une réaction d’échange entre le / et un alcoolate de
sodium pour former le 2.

CH;ONa +/ = 2+CH,0H

La réaction du / avec le méthylate de sodium, formé in situ, puis avec le
chlorure de benzyle ne nous a donné que 14,3% d’ester 3 (R =H) accompagné
d’'une quantité importante de méthyl benzyl éther. Le choix d’un autre alcool
comme I’éthanol ou I’isopropanol n’ameriore guére le rendement qui est pro-
bablement di & 1’équilibre ci-dessus. On peut déplacer cet équilibre en diluant avec
le benzéne. L’addition d’une quantité importante de N-methyl pyrrolidinone -2 est
aussi negessaire '° car ce solvant détruit les associations du 2 formées qui ne sont
pas attaquées par le chlorure de benzyle.

Nous avons ainsi pu obtenir un rendement de 63% en 3 (R =H). Les cara-
ctéristiques des esters que nous avons synthétisés sont rassemblées dans le tableau
I, Les rendements 1nd1ques sont ceux obtenus par dispersion du sodium dans le

toluene.
Acide L-glutamique C_AJ»OQCOOCH’ _Base oQ{oocn, - .
H 5]
1 2

(2]
Na

SCHEMA |
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TABLE I : N- (aryl méthyl) pyroglutamates de méthyle

E°C;mmélg Rit %

Ar R *c FORMULE (£)
H{a) -7 43 104;0,6 73-80
CeHs (b) H 63 142;0,2 84 C,qH, N0,
Celly 8 - cH, 17-21  149;0,3 85  C,,H, N0,
Cely 10 - cHy 98  157;0,3 88 C,,H, N0,
CeHy 8 -Cl 39-40 168;0,2 75  C,H,NOCl
cﬁg 0 - 10-cl 114 - 79 Cy4H, NOLCL
C6H4 10 - Br 112 - 74 C13H14N03Br
CeHly 10- 0 -cHy  21-22 166;0,1 81 C N0,
C6H4 9 - CE'3 58,5 129;0,01 81 C1 4H14I‘D3F3
cﬁﬁz @ 9,10,11-(0cu,)y 56
o - 29 156;0,1 72 CqyH,5NOSS
_ - - 2050,3 73 C,pH, N0,
2;;.@ - 73 - 362  CycH, N.0.S

(é) s litt.(10); (B litg. (5):F=61° ;1litt. (4) :¥=63,5-65°, RAt=73%

() : litt.(5) :F=115" ; RAt=71%.

(dy: le produit n’a pas été caractérisé. majs saponifié directement’

en acide.

{e): une partie du produit cristallise et est carastériss; les
huiles restantes sont saponififes en acide et le rendement

est calculé sur la same ester plus acide.

(f): les analyses sont conformes aux valeurs theoriques ar 0,4%

311

Différents halogénures de benzyle substitués sur le noyau ne nous ont pas
donné les résultats attendus: la cyclisation thermique !' du bromométhyl benzoate
d’éthyle 9 est plus rapide que sa condensation avec le 2 et on obtient le phtalide 70
quantitativement. Par ailleurs, le dérivé sodé 2 arrache un proton méthylénique au
chlorure de paranitrobenzyle qui se transforme ainsi en dinitro trans stilbéne.

Les acides N-(aryl méthyl) pyroglutamiques sont obtenus quantitativement par
saponification des esters précédents. Les caractéristiques des acides sont rassem-

blées dans le Tableau IIL.

Les esters 3 réagissent avec les solutions aqueuses de méthylamine ou d’hy-
drazine pour donner les amides correspondants. L’ammoniaque dans les. mémes
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[ oe(?)—zj-c", ' '.O_mc"; HCI-HN
%@"‘ &&@’
5

6 7 8

SOUE e o R @

9 10 %
SCHEMA 2

TABLE 1II : Acides N- (aryl méthyl) pyroglutamiques

Chy
a@“_;
9
Ar R P c RAts mmm.E(f)

H (a) 158 93 i
C4Hg (b) H 123 90 - 95 CyH, N0,
Cel, 8 - cH, 151 100 C,H, N
CeHly 10 - cH, 131 98 Cq3H N0y
CgH, 8 -cl 148 95 C,,H ,NOCL
Cely () 10 - 1 133-134 9 CyH, NOSCL
Celty 10 - Br 140 100 C,H NOBr
Cely 10 < OcH, 99,5 91 C\3H, N0,
CeHy (@ 9 - cFy 118 79 CyqHy NOSFy
CH, 9,10,11 - (ocH,) 182" 80  CygH gW0,
(B8 109 - 110 95 €, gH, MO,
— 179 77 CqeHy5M0y
30 185 >62  CogH; N,058

(a): r&f.(10); (b): litt.(4):F:122-123°; Pat 89%; (c): litt.
(5):F =1359%; (d): litt.(5): F=119°

(f): les analyses sont confomes aux valeurs theoriques 3 + 0,4%
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conditions conduit au sel d’ammonium de I’acide. En solution, éthanolique. cette
réaction fournit I’amide // quantitativement.

Apres avoir ¢ssayé plusieurs méthodes nous avons obtenu le nitrile 72 Jpar.
déshydratation de cet amide dans le chloroforme; ce nitrile a été déja obtenu a
partir de la cyano-5 butyrolactone et de la benzylamine '2. La réduction des esters 3
avec ’hydrure de lithium et d’aluminium fournit les aminoalcools 13 ‘correspon-
dants. Ils sont des composés solubles dans 1’eau et présentent des liaisons hydro-
génes intramoléculaires qui leur conférent de faibles températures d’¢bullition.

" Les hydrogénes du méthylene benzylique des pyrrolidinones et des pyrrolidines
synthétisées apparaissent toujours en RMN sous forme d’un quadruplet de type AB,
la non équivalence magnétique de ces protons traduisant probablement -une
diminution de la libre rotation du groupement benzyle provoquée par le groupemerit
en position 5.

Les principales caractéristiques en RMN des produits principaux synthétisés
sont rassemblées dans le Tableau III.

TABLE III : Spectre. rmn de N- (aryl  méthyl) pyrrolidinomes et pyrrolidines*

I,

— rapport des in- raﬁx:ri:“des in-
Ar R R, X Solvant H-3,4 H=2 H-6% %% e calon o ltEs.axpe Aromatiques
6 expérimental l&es (31). rimentales.
g, 10 oiy comy O COX; 1,8327 3,95  3,80-4,05-4.75-5,00 1,nm 1,5 . 6,70 - 6,85 -
o ) o @ 5o15mz 865=0,92 7,05 - 7,20
7 . . J =9 Hz
q _— ’c“«ocg o oocl; 1,9228 4,50  4,30-4,55-5,02-5,27 2,06 1,89 7,32 4 8,30
% 6 o @ se15mz s8=0,67 ®
Gy 9 CFy ComMy O o@Cl; 2329 4,15  4,10-4,35-4,95-5,20 1,83 1,84 ) ) zégs‘
0 o @ so15Hz a5 =0,81 S)
- (13 N
Cgy 10 ocHy C oM 0 ol 1,9329 4,05- 3,80"= 4,05"= 4,9 - 1,54 1,36 6,75 - 6,90 -
6 ) 1 ™ T . 5,20 7,10 = 7,25
J = 14,5 Hz 85 = 1,13 . J<otz
- o Ccp,00 1,927 4,15 3,90 - 4,15 - 4,80 - 1,77 1,67 6,6
Cg, 9.10,11 C-on 3 PB2T 445 -4, , ' &
(o), 0 L =
33 J=15H 5=10,86
C_H, H C NHCH, O CDCl 1,822,6 3.9 3,65- 3,90 - 4,85 - 1,52 1,37 7,25
65 , 3 3 ) M 5,10 J=15Hz A6=1,17 5
Cfy 10 CL CH, 8 Hy, CCl, 14335 2533,2 3,22-3,45:3,92-4,15 1,98 1,95 7,40
o ® sitam =066 )
CeHy 10 o, Qo m, COCl;  1,332,3 23331 3,13-3,;34-3,79-4,00 1,93 1,92 6,72 - 6,87 -
.
1. i o & 5 =12,5 nza5=0,63 . 713 -17,28
’ ’ e J=9Hz
Clls . "B cHyon . f, coxl; 13323 2333,1 3,16-3,8-3,88-4,16 1,88 1,81 7,30
(L] ™ J=13Hz 45=0,69 o)

e . -
Les valeurs sont donnfes en pgm ; l*&talon interne est le ™S ; M =multiplet ; S = sinqulet ; T = triplet
"k

Ias Pics correspondants sont inclus dans des massifs et les valeurs indiquées sont approximatives.

*** On trouve dans 1°ordre la posxtion réelle des bandés, la constam:e de couplage et la différence des déplacements chimiques
calculée au, second ordre..,
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Partie Expérimentale

Les points de fusion ont été déterminés au bloc Maquenne électriqué et ils ne
sont pas corrigés. Les spectres IR ont été enregistrés sur un appareil Perkin Elmer
700. Les spectres de RMN ont été réalisés sur un appareil Jeol 3 60 MHz en
utilisant la T.M.S. comme référence interne. Les microanalyses ont été réalisés par
le service de microanalyse du C.N.R.S de Thiais. ‘

Le phényl-2 chlorométhyl-4 thiazole est obtenu selon '3 le triméthoxy-3,4,5
chlorométhyl benzene selon'4, le chlorométhyl-2 thiophene selon's, le para
chlorométhyl anisole selon'6, le chlorométhyl-1 naphtalene selon'” et le pyro-
glutamate de méthyle / en injectant un grand exces de méthanol dans I’acide pyro-
glutamique fondu 4 150° obtenu in situ par chauffage de I’acide L-glutamique

N-(aryl méthyl) pyroglutamate de méthyle. Méthode I. N-(orfho chlorobenzyl) pyro-
glutamate de méthyle

On disperse finement 4,83 g (0,21 atom-gram) de sodium dans 30 ml de toluéne
anhydre exempt ‘de thiophéne. On ajoute 100 ml de benzéne anhydre, puis
lentement, 30 g (0,21 mole) de pyroglutamate de méthyle dilué dans du benzéne.
Apres disparition du sodium on ajoute 60 ml de N-méthyl pyrrolidinone-2 anhydre
contenant 33,8 g (0,21 mole) de chlorure d’ortho chlorobenzyle. On chauffe
pendant 2 heures a reflux et laisse reposer une nuit. On ajoute, en refroidissant s’il
est negessaire, 100 ml d’eau, extrait au chlorure de méthyléne, lave plusieurs fois les
phases organiques a I’eau, séche sur sulfate de sodium et distille sous pression
réduite. L’ester solide est finement broyé et lavé avec un mélange éther-éther du
pétrole 1/10.

Rendement : 75,5%.

N-(aryl méthyl) pyroglutamate de méthyle. Méthode I1. N-benzyl pyroglutamate de
méthyle

On fait réagir 48,3 g de sodium (2,1 atom-gram) avec 200 ml de méthanol
anhydre. On additionne sous forte agitation mécanique 300 g (2,1 moles) de pyro-
glutamate de méthyle en solution dans 1000 ml de benzéne anhydre, puis 265,6 g
(2,1 moles) de chlorure de benzyle dans 600 ml de N-méthyl pyrrolidinone-2 an-
hydre. Apreés réaction pendant 2 heures a reflux, on filtre le chlorure de sodium,
évapore les solvants et distille de résidu. Le distillat cristallise dans I’éther.

Rendement : 63%.

Ethoxy-2 4-1 pyrroline carboxylate de méthyle-5 13

Dans une solution de 3,6 g (0,018 mole) de pyroglutamate de méthyle dans 10
ml de chlorure de méthylene anhydre, on ajoute 3,7 g (0,0195 mole) de triéthyl
oxonium fluoborate '#1°. On agite pendant deux heures a la température ambiante
puiis refroidit a -20° et traite avec une solution saturée de carbonate de potassium.
La couche aqueuse est extraite encore une fois au chlorure de méthyléne. On séche
sur sulfate de sodium, évapore le solvant et distille sous courant d’azote. On .
obtient I’'imino éther avec un rendement de 66%.
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Eo;=80° nZ =1,4552
IR (film)v cm™ : 1745 C=0, 1645 C=N.

Acide N-paraméthoxy benzyl pyroglutamique 4 (R =CH;0)

On ajoute 110,3 g (0,457 mole) de N-paraméthoxy benzyl pyroglutamate de
méthyle dans une solutlon de 18,7 g (0,467 mole) de soude dans 450 ml d’eau. On
porte & 90 et maintient cette temperature 1/2 heure. On laisse refr01d1r et acidifie
avec 46,8 ml d’ac1de chlorhydrlque concentré. On filtre 1’ac1de et le recrlstalhse
dans un mélange eau ethanol

“Rendement  93%.

N-benzyl pyroglutamide 10 (R =H)

Dans une suspension de 300 g (1,29 mole) de3 (R = H) dans 300 ml de méthanol
anhydre, on fait barbotter sous agitation magnétique de I'ammoniac jusqu’a satu-
ration (environ 4 heures). On laisse reposer une nuit et sature de nouveau. On -
repéte une troisitme fois cette opération, puis porte & 0° pendant 48 heures. Par
filtrations, concentrations successives on recupére un rendement quantitatif en
amide brut.

F (alcool-éther) 171°; IR (nujol) vem™ 1680 et 1710 (C =0O) 3150—3325 (NH)

RMN (deutériométhanol) &, 1,8 & 2,7 (multiplet) (4H) 3,70-3,95-4,95-5,20
(quadruplet J = 15Hz) (2H), 4,05 (multlplet) (1H), 7,35 (singulet) (5H).

Analyse pour C,H ,N,0,

- Calculé Trouvé
C 66,04 65,70
H 647 6,54
N 12,84 12,78

N-benzyl pyrrolidinone-2 carbonitrile-5 11 (R =H)

On additionne au goutte & goutte et sous agitation magnétique 9 ml d’oxy-
chlorure de phosphore a un mélange de 10 g (0,046 mole) d’amide 70 et de 30 ml de
chloroforme excempt d’éthanol placé dans un bain froid. On porte & léger reflux
pendant 2.30 heures, laisse revenir a la température ambiante et hydrolyse avec 100
ml d’eau sous agitation pendant une heure.

On extrait au chlorure de méthyléne, lave avec une solution de bicarbonate de
sodium, puis & ’eau et séche sur sulfate de sodium. Le produit est distillé sous vide
et le distillat cristallise dans un mélange éther-éther de pétrole.

Rendement : 81% F=21,5-23°
Ey3=170° IR (film) vcm™ : 2275 (C=N), 1700 a 1720 (C =0), 1675,1600,1505,
1450' aromatiques.

Analyse pour C;pH)N,O

Calculé Trouvé
C 71,98 ' 71,68
H 6,04 6,09

N 13,99 14,12
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Para chloro benzyl-1 hydroxyméthyl-2 pyrrolidine 12 (R =para chloro)

Dans une suspension de 0,19 mole d’hydrure de lithium et d’aluminium dans
120 ml de tétrahydrofurane anhydre, on ajoute au goutte a goutte et sous re-
froidissement une solution concentrée de 0,0748 mole d’ester 3 (R =para chloro)
dans le méme solvant. On porte pendant 5 heures & reflux, détruit I’excés d’hydrure
par addition de 7 ml d’eau, 7 ml de soude & 15% et 21 ml d’eau (méthode Stein-
hardt?). On filtre le précipité, le lave au chloroforme, séche, évapore et distille
sous pression réduite. ‘

Rendement : 80% Ey, =125°

IR (film) vem™ : 3400 (OH) 1600 et 1500 (aromathues) '

RMN (deutériochloroforme) dppm 1,4 & 2,5 massif (6H du cycle), 2,5 a 3,2
(multiplet) (1H:HS), 3,22-3,45-3,92-4,14 (quadrupleét J =14 Hz), 3,55 (singulet)
(N-CH,), 3,60 (1H disparait par addition d’eau deutérée),.3,65 (doublet J =3Hz)
(2H: CH,0), 7,4 (singulet) (4H).

Analyse pour C,H (NOCI

Calculé Trouvé
C 63,86 63,30
H 7,10 7,11
N 6,21 6,22

En travaillant d’une maniére seinblable on obtient les aminoalcools suivants :

Ortho chlorobenzyl-1 hydroxy méthyl-2 pyrrolidine 12 (R =ortho chloro)
Rendement 74% Egq, = 106- 108°. o

Para méthyl benzyl-1 hydroxy méthyl-2 pyrrolidine 12 (R : para méthyle)
! Rendement : 65% Egqo; =83° '

Benzyl-1 hydroxy méthyl-2 pyrrolidine 12 (R =H)
Rendement 80% E,; = 90°.

Summary

Synthesis of N-(aryl methyl) 5-oxo pyrrolidine 2-carboxyliques acids

The synthesis of N-(aryl methyl) 5-oxo pyrrolidine 2-carboxyliques esters was

~achieved using 5-oxo pyrrolidine 2-carboxyliques esters, aryl methyl halides and

sodium methoxide prepared in situ in presence of N-methyl pyrrolidine diluting
with benzene.
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Zpvleoic ‘twv N-dpvlo uévlo 5-olo mvpoldidvo 2-wapfolviikdv oléwv

H ropackevr tov N-dpuho péburo 5-ofo muportdivn 2-kapBoLviikdv £oTé-
pov dev eixe KotaoTh duvatr] péyPig TPOo Tvog v avilBECEL TPog OV avVAAOYOUE
N-dAkvio- gotépug. mov eivar and pokpdv yveotol. '

H ypnowponoinocig tov e0TEpOV QUTOV Kol TOV TOPUYAYOV TOV GOV TPMOTEG
VAEG Y1 TV oOVOEST] VEMV ETEPOKUKALKAV GELPAOV TOL TVTOL 5 6 7 kat 8 hfnoe
TOVG GLYYPOQEIC Vo BEATIOGOLY TNV, LT’ AVTOV e@appocBeica Yo TpdTN QOPE
pé60d0 pe oKOTS vo umopel va X pnotponowm ) Kot pe HEYAAEG TOGOTNTES TPOTOV
vidv. H avtikatdotacig tov vatpiov gv Stocmopd pe pebavoilkd vatplo mapa-
okevalopévou in situ, 1 apaincic pe Bevioiio kol n napovcio GCNUAVTIKGOVY TOGO-
_ ttov N-pebvromupoidévng diver avtrv v duvatdtnto.
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Summary

A new series of Ni(II) complexes with ortho-, meta-, and para- halogen (F~, CI', Br', I')
ring monosubstituted benzoylhydrazines (XBAH) has been synthesized and their spectral
were studied. Evidence provided by the ir spectra suggests that the benzoylhydrazines act as
bidentate ligands with the oxygen (> C =0 group) and the nitrogen of the -NH, group as
the coordination sites. The stoichiometry and conductivity measurements indicate that the
complexes are cationic of the general formula Ni(XBAH) §+. The low-temperature magnetic
susceptibility measurements and the electronic spectra suggest that the Ni(I) microsymmetry
is octahedral.

Key Words : Benzoyl hydrazine Nickel (II) complexes, preparation, properties spectra, imagnetic
susceptibility.

Introduction

The discovery that many complexes with aroylhydrazines as ligands have anti-
tubercular properties! and that have been used for psychotic and psychoneurotic
conditions? gave new impetus to the study of analogous complexes *% A review?
has covered major aspects of the coordination chemistry of substituted hydrazines.
Complex formation can take place with these ligands acting as monodentates ® or
bidentates *'¢. Functional substituents, i.e. substituents containing potential donor
atoms, usually participate in the formation of stable complexes and in the case of
aroylhydrazines, where the carbonyl group is adjacent to nitrogen, the probability
of bidentate behaviour is enhanced. The factors influencing coordination with
aroylhydrazines have not been fully understood since the conditions of complex
formation could have a profound effect as found by Miller and Morton °.Paul and
others ® have suggested that aroylhydrazines react as monodentates via the carbonyl
oxygen whereas Ahmed and Chaudhuri’ proposed as ligation site the nitrogen
bonded to carbon. Other studies are in concordance with results by Sacconi® that
the  ligands coordinate as bidentates. As bidentates it is presumed that they
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coordinate by the carbonyl oxygen and the terminal nitrogen atom either in the
enolic form?® (a), or in the keto form !'%!! (b), thus forming five-membered chelate
rings each having .a planar configuration about the central atom.

‘-@___ C—OH ._c—o'
x I x {
N—NH, N,

(a)- ()

There has been no detailed study on the conditions favouring coordination of
aroylhydrazines as monodentates or bidentates and existing information suggest®
that there is dependence both on the metal and the hydrazines themselves.

In this work, some complexes of Ni®* with o-, m-, p-, halogen benzoyl-
hydrazines have been prepared and their infrared, electronic and mass spectra were
recorded. Their stoichiometry and structure were determined by elemental analysis,
spectroscopic data and conductivity measurements.

Experimental

Chemicals

Preparation of halogen benzoylhydrazines : Halogen benzoylvhydrazines were
prepared using the general method described elsewhere 729,

Preparation of metal complexes : NiCl,.6H,0, NiSO4.6H,0 and
Ni(NO;),.6H,0, A.R. grade were used throughout this work for the preparation
of complexes in the following general method: A quantity of the nickel salt (1
mmol) was dissolved in 20 cm® of anhydrous ethanol (EtOH) and the solution was
added dropwise to 30 cm?® of anhydrous EtOH containing 4 mmol of halogen
benzoylhydrazines (XBAH). The mixture was stirred magnetically at room
temperature (25° C) for one hour and then was filtered using a sintered glass
filtering funnel. The product was washed with a small amount of cold water and
was dried under vacuum. The product obtained was recrystallized by dissolving the
crude solid in a small volume of hot anhydrous EtOH.

Measurements

* Infrared spectra (4000-250 cm™') of the complexes in Nujol mulls and KBr
matrix- (concentration ~ 0,5%) were recorded on a Perkin-Elmer 467 spectro-
photometer, calibrated against polystyrene.

Mass -spectra were measured on a RMU-61 Hitachi Perkln-Elmer mass
spectrometer with a ionization sourse AT-2P operating at ~70 eV.

Electronic spectra in the region 200-800 nm were recorded at ca 30°C using a
Perkin-Elmer model 200 spectrophotometer. Solutions in alcohol were in 10 nm
-«suprasil» cells fitted with teflon stoppers, with pure solvent in the reference cell.
Measurements in ‘the near ir were made on a Zeiss M4QIII spectrophotomeéter.
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Results and discussion

Fourteen new complexes of nickel(II) have been prepared by reacting o-, m-,
and p- halogen benzoylhydrazines (XBAH) with NiCl,.6H,0, Ni(NO;),.6H,0
or NiSO ,.6H,0 in anhydrous ethanol solutions according to the general equation:

X X
—— C==(Q e == 0
3 ] + o= | N2+
NH—NH, Nl"i“*NH2
3

where X =F, Cl, Br, I

Attempts to prepare the complexes from aqueous solutions failed, although the
presence of small amounts of water in the reacting mixture did not prevent the
reaction taking place. As controversy exists over the number of ligands coordinated
to the metal ion '®'! several batches were prepared in which the mole ratio of the
reactants varied from 1:1 to 1:4. In all cases the results of the elemental analyses of
the complexes were found to be independent of the mole ratio of the rectants,
under the reaction conditions described. The results of elemental analyses and some
physical properties are given in Table I.

The analyses indicate that the moles of the anion (Cl°, NO;, SO 3') present were
equal to those in the uncoordinated metal ion, so in this case the XBAH behaves as
neutral ligand. Further proof of the cationic nature of the complexes were obtained
from conductivity measurements'® and quantitative determination by standard
methods'® of the anion present.

The molar conductivity of the complexes (Table I) was determined in 10%
ethanol solution and in the cases of Ni(NO3), and NiCl, is consistent with 2:1
electrolytes. It is worth noting that the values obtained are somewhat higher than
those reported ' for similar. complexes.

The mass spectra: of these complexes have some differences relative to the
spectra of the ligands but cannot be attached any significance to these differences.
The main peaks for the chloro-substituted compounds are listed in Table IL. The
base peak at m/e = 139 was attributed to the {CIC¢H 4CO}* ion in all cases. The
peak at m/e = 141 is partly due to the *’Cl isotope as the ratio of peak intensity in
the o- and m- cases exceeds by far the one corresponding to the 3¢l : 3°C] ratio.

Infrared Spectra.

Evidence for the form of existence of the ligands as well as the mode of bonding
to nickel(II) is prov1ded by .infrared spectroscopy.”

The absence of absorption bands at frequenc1es higher than 3500 cm ™! indicates
that formation of -OH in the free ligand ddes not occur to any significant extent.
Similarly, the strong absorption at about 1660 cm™' is attributed 2% to the
carbonyl group and this further supports the notion that the halogen ring sub-
stituted benzoylhydrazines exist in the keto form.

The differences observed in the spectra between the free and the coordinated
ligand are typical for the entire series. Thus, the bands in the region 3400-3250



TABLE 1 : Yield, melting point, molar conductivity and elemental analysis of Ni(XBAH)32+ complexes

M. Point . Conductivity .
Compound Yield . A/S.m%mol”! Ni% C % N % H % Cl %
OC .
1 Ni(o-FC¢H4CONHNH,)1Cl, 18 136-140 257X 10-4 10.1 (10.0) 42,9(42.6) 13.4(14.2) 3.7(3.6) 12.2(12.1)
2 Ni(m-FC¢H 4CONHNH ,)3Cl, 38 193-196 249 X l0-4 9.9 (10.0) 42.3(42.6) 13.8(14.2) 3.3(3.6) 12.1(12.1)
3 Ni(p-FC¢H4CONHNH,);Cl, 53 263-265 243X 10-4 10.4 (10.0) 42,5(42.6) 13.9(14.2) 3.9(3.6) - 12.4(12.1)
4 Ni(o-CIC ¢H 4,CONHNH ,)Cl, 2 226228 250X 1074 93409.2)  39.6(39.3)  12.8(13.1)  3.4(33)  10.9(11.0)
5 Ni(m-CIC4H ,CONHNH ;);Cl, 35 192-194 275X 1074 92.9.2)  39.539.3)  13.4(13.1)  3.4(3.3) 11.1(11.05)
6 Ni(p-CIC4H,4CONHNH ,)3Cl, 51 210-215d 298 X 10-4 9.9 (9.2) . 39.0(39.3) 13.0(13.1) 3.2(3.3) 10.8(11.05)
7 Ni(o-BrCgH,CONHNH;);Cl, 21 176-178 263 X 10~4 7.5 (7.6) 32.2(32.5) 10.5(10.9) 3.02.7) 9.19.2)
8 Ni(m-BrC¢H 4CONHNH 3);Cl, 37 308-310 258 X 10~4 7.4 (7.6) 32.3(32.5) 10.7(10.9) 2927 9.1(9.2)
9 Ni(p-BrC4H ,CONHNH,)+Cl, 47 210214 267 % 107 74 (1.6) 3240325  109(109) 2.8Q2.7) 9.0(9.2)
10 Ni(o-IC3H,4,CONHNH 5);Cl, 19 230d 232 X l()-4 6.3. (6.4) 27.9(217.5) 9.3(9.2) 2.5(2.3) 7017
1T Ni(m-IC¢H,CONHNH,);Cl, 32 192-194 257X 10-4 .6.3.(6.4) 27.3(27.5) 9.009.2) 2.3(2.3) 7.5(1.7)
12 Ni(p-IC4H ,CONHNH ,)3Cl, 49 224226 261 %107 62 (64) 2720215  9.009.2)  23(2.3) 7.501.7)
13 Ni(m-BrC¢H sCONHNH 5)3(NO 1), 70 193-195 — 7.2 (7..]) 30.0(30.4) 13.3(13.5) 2.2(2.5) —
14 Ni(p-BrC4H sCONHNH ,)3S0,4 55 208d — 7.0 (7.3) 31.9(31.5) 10.8(10.5) 2.4(2.6) —

(443
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TABLE 1II : Mass spectra of (o-, m-, p)-Chlorobenzoylhydrazine and their Ni(IT) complexes.

Relative abundance I %

Ligand Ni(IT) complex
m/e o-Cl m-Cl p-Cl 0-Cl m-Cl p-Cl
31 4.7 * * 53.3 20.6 16.8
50 18.2 9.5 8.3 15.3 14.7 12.5
51 12.3 6.7 4.5 9.9 9.1 7.8
74 9.1 3.0 * 6.0 8.0 *
75 © 529 26.3 21.4 35.0 38.2 21.8
76 13.2 6 5.2 9.4 11.9 *
77 6.2 3 * 6.9 8.1 9.3
11 88.2 65.1 62.1 86.1 79.4 43.7
113 52.9 22.2 19 34.3 4.5 16.1
139 100 100 100 100 100 100
140 41.8 14 * 19.7 23.4 *
141 88.2 60.3 45.5 75.9 76.7 32
142 . 124 4.8 * 6.9 7.7 *
170 83.3 384 27.6 52.5 73.5 22.2
172 353 12.7 9.3 17.5 23.5 7.2

* trace

cm™, which are associated with the N-H stretching vibration %, exhibit a ba-
thochromic shift of ca 30 cm™ upon coordination and become broader. The
lowering of the N-H stretching mode is evidence for bond formation through ni-
trogen. Evidence for the simultaneous existence of a metal-oxygen bond is provided
by the displacement of the «amide I»??* band. The «amide I» band is associated
with a C =0 bond deformation and substantial deformation of the C-C bond at
the angles. CCN, CNN, NCO, CNH so that this vibration is a stretching-
deformation type.

This band (the coupled carbonyl absorption) appears at ~ 1668 cm ! in the m-
and p- halogen benzoylhydrazines'” and at ~ 1630 cm™' in the o- ones. Upon
coordination the shift is 25-40 cm™ towards lower wave-numbers for the ligands
with the halogen in m- or p- position and only about 10 cm™ for the rest. Ap-
parently, the effect of o-halogen substitution in benzoylhydrazines ! is eliminated
upon complex formation. In addition to the «amide I» band the «amide TI» and
«amide III» bands are also observed. These are again coupled vibrations.

The «amide II» band?? arises primarily from the C-N-N stretching mode and
appears at ~ 1500 cm™'. On chelation this band is shifted only very slightly by
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approximately 1-6 cm™'. The «amide I1I» absorption involving the N-H in-plane
deformation and the C-N mode gives a sharp band at ~ 1250 cm™'. In the com-
plexes. studied this band is shifted appreciably to higher frequencies, sometimes by
mere than 60 cm™'. It is also split in two bands, the lower frequency band having
slightly smaller.extinction coefficient. The bidentate nature of the ligands and bond
formation via the carbonyl oxygen and the terminal nitrogen are supported by the
normal coordinates analysis® of the model

-C-C =0
I M
HN - NH,”

The model comprises a five-membered ring of C; symmetry. Apart from giving
insight on the nature of the «amide I» mode, the agreement between experimental
results and the calculated values is excellent.

Iskander and coworkers '%!2 suggested that the anion of the nickel (II) salt is
coordinated to the metal. In the case of similar complexes with Ni(II) and Cu(II)
chlorides, Iskander favours an octahedral structure with two benzoylhydrazine
molecules and two chloride anions, the last ones in trans position. The use of
NiSO, to form the complexes was expected to alter the structure of the molecule,
as the SO would coordinate in cis positions rather than axial ones. However, the
only differences observed in the infrared spectra worth mentioning were the ab-
sorptions attributed? to the SO}“ moiety indicating that structural changes de-
pending on the anion do not occur.

Electronic Spectra

The electronic absorption spectra of the halogen benzoylhydrazine nickel(Il)
complexes were measured in ethanol solution in the region 220-1800 nm. Com-
parative measurements were made in DMSO to examine the effect of solvent.on the
energy of the observed transitions. The results are listed in Table III.

The solution spectra show three regions of absorption. In the first region (8000-
14000 cm*') a weak band ¥, (e~ 11 mol™ dm? cm~') is seen at ~ 9800 cm ™! which
overshadows a weaker band at ~ 13000 cm ™. In the second region (14000-20000
cm ')y appears a broad band v, of similarly weak intensity (¢~ 12 mol~! dm? cm™)
which has a maximum at ~ 16600 cm . Finally in the third region (> 20000 cm ™),
a number of intense bands occur. For energy and intensity reasons the first and
second regions should be associated with ligand field transitions, whereas the shape
of the band envelope in the high energy region suggest a band system rather than a
specific transition. ' ‘

These light blue complexes have at room temperature a magnetic moment of ~
~3.5 B.M. which definetely rules out the presence of square planar divalent .
nickel*, The magnetic moments and the ligand to metal ratio are further in-
dications of octahedral structure which is strongly supported by the low extinction
coefficient of the long wavelength bands. Using group theoretical notation the
bands can be-assigned to transitions that characterize a d® system in an octahedral



TABLE 1II : Electronic transitions and interelectronic repulsion parameter B’ values for halogen benzoylhydrazine complexes of

nickel (II).

3T 5o(F) — A 4(F)

3T 1g(F) = YA 54(F)

1.600

B’ T 1g(F) = A 5(F) T 14(P) = *A 3(F)

Compound Calec. Calc.

91 /pm™! cm’! Vo/um™! Va/um’! V3/um”!
Ni(o-FBAH);Cl, 0.990 962 1.626 1.626 2.787

Ni(m-FBAH);Cl, 0.971 970 1.613 1.597 2.768
Ni(p-FBAH),Cl, 0.971 980 1.600 1.598 C2.782
Ni(o-CIBAH);Cl, 0.971 980 1.600 1.598 2.782
Ni(m-CLBAH);Cl, 0.980 980 1.600 1.617 2.795
. Ni(p-CIBAH),Cl, 0.971 980 1.600 1.598 2.782
Ni(o-BrBAH);Cl, 0.962 960 1.587 1.583 2.734
Ni(m-BrBAH);Cl, 0.971 970 1.626 1.597 2.768
Ni(p-BrBAH)Cl, 0.980 980 1.600 1.616 2.795
Ni(o-IBAH);Cl, 0.971 950 1.575 1.595 2.740
Ni(m-IBAH);Cl, 0.990 960 1.626 1.626 2.787
Ni(p-IBAH);Cl, 0.971 980 1.598 2.782

(DN 40 SEHXATINOD ANIZVIAAHTAOZNAE NADOTVH
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field. Thus the lowest energy band, Vv, is attributed to the spin allowed parity
forbidden transition T 2(F) — A 2(F) which determines the quantity 10 Dag.
Consequently the higher energy band v, is assigned to the transition T 1g(F) —
A 25- On the basis of these assignements the position of the v 3 band, corresponding
to thé transition 3T 1g(P) — A 25> 18 estimated to lie at 28000 cm™. The v; band
maximum was calculated from standard equations %, '

The °T,(P) — *A,, transition leads to the assessment of several spectroscopic
parameters which offer some understanding of the electronic structure of this series
of compounds. Thus, the Racah parameter B’ has a value of ~980 cm™.

The value of B’ indicates that the delocalization is greater than that caused by
the coordinated ammonia and that the average interelectronic repulsion of the
metal d electrons is quite significant owning to the coordination via the oxygen
atoms. Although the broadness of the bands does not allow any great emphasis to
be put on the band maxima, nevertheless the influence of the coordinated atoms
can be assessed from the rule of average environment 2635 Tt is necessary as starting
point to make two assumptions: a) that the effect of the coordinated oxygen atoms
on the ligand-field strength is equal to that in Ni(OH,)Z", i.e. B" =870 cm'?? b)
similarly the coordinated -NH , group causes the same ligand-field spliting as does
NH ; in Ni(NH )%, i.e. B° =1080% cm™'. The rule of average environment gives
x~ 3. The above simplistic treatment suggests that, at first approximation, the
substitution of a hydrogen atom in ammonia by the X-®-CO-NH moiety induces a
perturbation of the field effects. Subsequently, this perturbation is balanced by the
changes in electronic structure of the coordinated oxygen atom when the two
bonded hydrogens are replaced by the X—(D—&-NHNHZ group. However, it should
be borne in mind that electronic effects do not always account ® for the ligand-field
spliting ability of the ligands. As was pointed out by Drago and coworkers *, the |
Dq values for various amides with Ni(II) do not correlate well with the inductive
order for groups bonded to carbon or the amide nitrogen. In fact, it was
established that steric hinderance is the predominant factor in determining the Dq’
value of the amide ligand to such an extend that overshadows the inductive effects.
Unfortunately, the presence of the bulky phenyl group in all the ligands emploved
makes difficult the assessment of the relative contribution of these effects to the
observed Dq values. )

The present results are consistent with the findings of Gogorishvili and others !
for analogous complexes for which they suggested coordination number six with
three neutral ligands forming a cationic complex. The ligands are in the keto form
as the conditions for complex formation do not favour the enolic form. The enolic
form is prominent when complexes are formed'® at high pH values (pH > 10).
Further support on the form of the ligands comes from a study 17¢ on the hydrolysis
on halogen benzoylhydrazines.

6

Magnetic Susceptibility .

‘The magnetic moments, ., of the halogen benzoylhydrazine complexes of
Ni(II) measured at room temperature are given in Table IV. In the case of the
chloro-substituted complexes the temperature covered ranged from 5 K to 300 K in
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order to. amplify indications concerning the structure of these complexes. Until
now, to the best of our knowledge, no low temperature susceptibility measurements
were reported for this class of compounds. The results for the p-chloro- are listed in
Table IV.

TABLE IV : Variation of molar susceptibility values yp Wwith temperature for the
N1(XBAH)3C12 complex

: ym* 10° Vxni*107 wm * 10° 1/yni*1073
/K ma). mol ! m> . mol”! /K m” . mol” m” . mol !
55 2706 369 51.0 317 3124
5.7 2601 384 573 293 3380
5.8 2572 388 63.2 272 3637
6.0 2518 397 68.9 253 3904
6.4 2377 421 75.7 234 4221
6.9 2255 443 83.7 213 4641
7.3 2113 473 91.5 198 4991
7.8 2009 497 1003 183 5378
8.5 1839 543 107.1 176 5561
9.3 1695 589 1113 170 5782
102 1472 687 122.2 158 6235
11.3 1420 703 134.1 147 6668
12.3 1308 ’ 763 147.0 137 7161
13.6 1190 838 161.8 128 7647
14.7 1108 900 174.7 121 : 7998
159 1018 982 195.3 110 8793
17.5 920 1084 215.3 104 9310
19.2 884 1181 235.1 95 10098
21.0 770 1295 256.7 91 10552
22.0 702 1418 274.3 85 11197
27.7 638 1560 1294.3 80 11865
29 574 1734
339 531 1872
36.5 436 2278
39.5 404 2455
43.5 370 2680

474 347 2812
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" The diamagnetic suscept:blhty of the ligand ¥ was measured at 297 K and: the
value obtained was in good agreement with that derived from Pascal’s constants 3
It was assumed that y; remained unchanged over the temperature range exammed
However, corrections for the susceptibility changes .of the sample holder were
- applied.

Plots of the inverse of Ni(II) molar susceptibility 1/yn; (xR = %ni - ¥ L) against
temperature (Fig. 1) gives curves similar to those in the literature? for octahedral
Azg ground state arising from 3F free ion ground term. The plot follows a Curie
law up to about 100 K, but as the temperature is raised, the levels for which there
are first- and second-order Zeeman effects become more accessible and T.L.P.
contribution is more noticable as it is shown by the pronounced curvature. It appears -

—
—_—
Y

P
Ni

-6,1
ms/X

4 o, L s Fl ] e

0 0 8% 12 1502002‘0 80 320

Tk

FIG. 1 : Plot of 1/X ﬁ,- against temperature for NiXBAH);Cl, complexes.

that in the case of these complexes there might be a substantial «mixing-in» with
the higher-lying *T states which arise from the 3F term as it is evidenced by the-
unusually high value of the magnetic moment p ~ 3.5 BM. Calculation of the T.L.P.
-gives a value ranging from Na =0.12 m>mol ™! at 150 K to about 0.18 m>mol! at
300 K. This variation may be due to the (uncorrected) value used for the suscepti-
bility, yr, of the ligand.
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Conclusions

Nickel (I1) forms cationic complexes with halogen benzoylhydrazines. Evidence
from the infrared spectra imply that the ligands react in their keto-form and that
the ligation sites are the carbonyl oxygen and the nitrogen of the-amide group
resulting in five membered chelate rings. The electronic spectra and the magnetic
susceptibility of these complexes can be interpreted on the basis of octahedral
structure.

Mepidnyn
Tapackev] kai 1010tyTec Twv ovumAdkwy Ni(Il) ue aloy'ovo-ﬁevﬁoblobépaéz’yﬂ

IMopockevdodnke pio oe1pd véov cupmAdkwy tov Ni(II) e opbo-, peta-, “kat’
rapa-povoaroyovopéves (F-, CI°, Br, I") otov apopatiké daktdrto Bev{otdoi-
dpalivec (XBAH). A ta dedopéva tov puopdtov IR cuvdyetor 811 or Beviob-
Lobdpaliveg dpovv cav didpactikd ligands ypnoiponoidviag to o&uyovo (opddo
>C =0) ka1 to dlwto g opddag -NH, yio tnv cuvopuoyty. H otoiysiopetpio
TV evOSE®V Kol oL Tiuég ™G ayoydtntog deiyvouvy 6T ta cvpmAoko givol
KOTIOVIKG Kat 6Tt £xovy To yevikd tomo Ni(XBAH)?2*. Tuvdvacpde tmv mponyou-
pévev evdeifemv pe to dedopéva -amd To AEKTPOVIKG QACUATA Kol T POYVITIKT
emdekTiKOTNTE 08N YOOV otV Mupadoys 6TL N PHIKPOSLUUETPIA TOV GUPTAGK®OV
eival oktoedpikt.
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Introduction

Atomic Absorption Spectrometry offers a rapid, accurate method for deter-
mination of metallic elements. One of the main problems which is widely discussed
in the literature is the extent of severity of analytical interferences.

Chemical interferences arise when the dried salt formed in the flame process
does not dissociate at the flame temperature, thus reducing the amount of ground
state metal atoms. Examples of this are the silica interference in determination of
Fe, Mn, and Ca'; and the presence of phosphate which reduces the absorption of
zinc?. Matrix interferences have also been reported** Furthermore, molecular
absorption occurs when molecular species formed in the flame absorb some
of the incident light®. Finally ionization interferences have been reported ®”?%.

Metal ion exchanged zeolites consist of SiO,, Al,0; and the exchanged metal
ion or ions. A

In cases when the metal ion is Fe(III) or Fe(II) Ca(Il) or Mn(I) silica is found
to interfere. Furthermore matrix interferences can also be a factor in the quantita-
tive analysis of zeolites by AAS.

The determination of Fe(Ill) in zeolites by AAS was found previously to be
“inadequate”®.

These points led us to investigate the possibility of using AAS to provide a
quick and accurate method for the analysis of metal ions in zeolites.
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Experimental ;

Fe(IIT), and Cu(Il) ion exchanged zeolites of type A and X were investigated.
The Fe(IlI) and Cu(Il) ions were exchanged for Na(l) in the X type zeolites, and
for Na(I) and Ca(Il) in the A type zeolites.

Atomic Absorption Spectroscopy was used to determine Na(I) and Fe(III) or
Na(I) and Cu(Il) in the X type exchanged zeolites. In the A type exchanged
zeolites, Na(I), Ca(II) and Fe(III) or Na(I), Ca(II) and Cu(Il) coexisted. The Fe(III)
or Cu(Il) were determined by AAS and by color1metry, and the sodium was de-
termined by flame photometry and- AAS.

Apparatus
All results were obtained with a Perkin-Elmer Model 403 atomic absorption
spectrophotometer.

Reagents

Standard solutions of copper and iron were prepared by dissolving the pure
metals in the minimum quantity of nitric acid and then diluted approprlately with
distilled water.

A standard solution of sodium ions was prepared from sodium chlonde and the
standard solution of calcium ions was prepared as follows. A 24% solution of NaCl
(5 cm'}) was mixed with a 17.4% solution of La Cl; (5 cm?) in nitric acid and the
proper amount of Ca(Il) was added. The resulting solution was diluted to
100 cm? with distilled water. A second standard solution of calcium was prepared
similarly but the dilution was carried out using a «blank» solution prepared by
treating sodium X with a solution of hydrofluoric acid (40% w/w ex Merck) and
concentra_fed sulphuric acid (Analar). )

Flame characteristics

An air/acetylene flame was used for the determination of Fe(IIT), Cu(II) and
Na(I), and an N,O/acetylene (5/2) with burner height (red feather) 6 mm was used
for the determination of Ca(Il).

Method

A sample of zeolite (c.a. 0.5g) was dried in an oven for an hour at 550°C ina
platinum crucible fitted with lid. The dry material was moistened with a few drops
of distilled water. Then concentrated sulphuric acid (3 cm?) was added and 40%
HF (10 cm?). The lid was placed on the crucible and the crucible was heated on a
steam bath overnight to convert all the Si to SiF,. The lid was then removed and
the crucible was heated until SO; fumes were observed. Then distilled water was:
added and the heating continued until most of the residue dissolved. The whole was
then transferred from the crucible to a beaker and dissolved in distilled water.

Further dilution with distilled water was made so that the concentration of the
metal ion was between 2 and 2.5 ppm.
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Results and discussion

Iron or copper and sodium or calcium were determined using atomic
absorption spectrometry (AAS). To provide a check on results.by AAS, standard
colorimetric ' methods were used to determine Fe(III) and Cu(Il) and flame
photometry to determine Na(I). However, the flame photometric results were
variable and not very suitable as a check on AAS. ‘

TABLE I : Compafison of Atomic Absorption and colorimetric methods for deter-
mination of Fe(IIl) and Cu(Il) in zeolitess A and X.

Results mg/g

Zeolite Sai‘nple Atomic colorimetry
Absorption

CaFeSA (1) - 5.75 + 0.09 5.64 + 0.07
) 11.45 » 10.90 »
3) 13.8 » 13.65 »
4) 27.1 » 27.00 »
© - T 194 » 17.90 »

CaCu5A (Ic) 1.4 + 0.12 11.83 £ 0.00
(Ic) 11.42 » 11,83 »
(2c) 26.6 » 27.5 »
(3c) 56.5 » o 55.4 »
@w) 103.0 » 116.9 »
(3d) 17.2 » 16.7 ©
(4d) 28.5 » 28.5
(5d) 32.0 » 32.4 »

NaFe13x (1) 8.45 + 0.09 9.02 £ 0.07
) 23.85 » ¥ 21.75 »
3) 33.25 » 28.30 »
@) 37.35 » 37.50. »
) 100.10 » 100.00 »

NaCu 13x(1) 13.95 + 0.12 14.05 + 0.00
) 28.40 » 27.70 »
(3) 64.70 » 61.0 »
@) 105.1 » 100.05 »

) 121.6 > 119.8 »
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Table I shows compared results for Fe(III) and Cu(II) using atomic absorption
spectrometry and colorimetric methods. In the colorimetric analyses Fe(III) was
complexed with 4, 7-diphenyl -1, 10-phenanthroline and Cu(II) with neocuproine.
Agreement between the two methods is excellent in the majority of cases.

A measure of the agreement between the determinations of Fe(III) and Na(I) or
Ca(II); Cu(Il) and Na(I) or, Ca(Il), can be obtained by summing the concentrations
expressed as a percentage exchange. The percentage exchange should sum to 100%.

TABLE 1II : Tons exchanged (%) expressed as equivalent to unit cell.

Fe(IIl) or Cu(Il) . Na(l) Ca(In) TOTAL

(a) (@) - @

CaA — ' 25.82 75.0 100.82
CaFe5A (1) 4.26 19.35 69.5 93.0
CaFe5A (2) 8.49 17.93 76.0 102.5
CaFe5A (3) 10.23 16.25 70.5 96.—
CaFe5A (4) 20.80 13.42 68.2 102.4
CaFe5A (6) 14.36 12.97 72.5 100.0
NaCu5A (Ic) 5.35 19.70 75.5 100.5

(1c) 5.36 19.43 73.5 98.3
(2c) 12.50 16.25 72.5 101.2
(3¢) 26.50 10.86 61.0 98.4
(4w) 48.35 7.58 53.0 108.9
(3d) 8.07 14.88 70.5 93.5
(4d) ‘ 13.40 11.60 70.3 95.3
(5d) ‘ 15.00 18.10 79.5 1126
Nal3x 94.0 94.0
NaFe13x (1) , 6.86 100.0 106.86
) ' 19.40 80.6 100.0
3) 27.00 77.7 104.7
4) 30.35 63.65 94.0
) 81.40 21.30 102.7
NaCu 13x(1) 7.15 87.0 94.15
Q) 14.57 77.0 91.60
3) ' 33.10 60.25 93.40
@) 53.80 48.20 102.0
Gy 62.35 40.90 . 103.25

(a) Determined by atomic absorption.
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Data in Table II show that the summations vary between 90% and 110%. Aside
from any errors in determination, particularly of Na(I) or Ca(II) low results could
arise by exchange of Na(I) or Ca(Il) by protons and high results by occlusion of
Fe(Ill) or Cu(Il) salts. .

- When Na(I) or Ca(Il) comprise the majority of the zeolitic cations the per-
centage exchange in most cases sums to less than 1009 total which suggests that
low results might be related to difficulty in accurate determination of sodium and
calcium ions perhaps due to interference of aluminium in the AAS measurements.

Fitting between colorimetric and Atomi¢ Absorption measurements is shown in

Fig. 1.for Cu(Il) ion-exchanged zeolites. Similar plots for Fe(IIT) ion-exchanged
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FIG. 1 : Correlation between colorimetric and atomic absorption methods for determination
of copper in Ca CuSA (©) and in Na Culldx (C]) zeolites.

zeolites gave a linear equation fit :

y=1.0x -0.1
where y = %Fe(IIl) ion-exchange by colorimetry.
x = 9%Fe(IIl) ion-exchange by AAS

with correlation coefficient of 0.998.

Plots of %Cu(Il) vs 9%Na(l) Exhange and %Fe(IIl) vs %Na(I) exchange treated
statistically for linear relationships gave best fit with the following equations :

%Cu(Il) exchange =-1.11x + 103.00
%Fe(IIl) exchange =-0.97x + 99.41

respectively where x =9%Na(l) exchange.



336 N.P. EVMERIDES, J. DWYER

Abstract

A method for the determination of iron, copper, calcium _ahd sodium in zeolites
by Atomic Absorption Spectrophotometry is described. The zeolite is freed from
silicon by the use of hydrofluoric acid and the cations, in aqueous solution, are
determined by Atomic Absorption Spectrophotometry. Agreement with colorimetric
methods used for determination of Fe(IIT) and Cu(Il) is excellent. The determination
of sodium and calcium was found to be fairly good when taking the total amount
of metal ion exchanged into the zeolites as a criterion.

Hepidnym

Tlocotikdc mpoadiopiouds petalroiovimv evarllayOéviov evide (eodibwv da ypi-
oew¢ e pebddov atopikic amoppoprioems

M péBodog mpoodiopiopol cidrjpov, yaikol, acfectiov kor votpiov og
teyvrTove (eohiBoug, meprypdopetar dia tng pebddov mg_@aoumoumﬁiiug Ato-
uikric Amoppoericsnc. Ot {eékiBor erevbepolviarl and 1o Si S tng pedddou
H,S0 ,HF kot 1o katidvra, €ig vdatikd dtdhvpa, npocdtopilovial goopatope-
TPIKMG St TNG TEXVIKYG TNG otopiktig aroppoprioens. H axpifeia g pebodov
Sia Tov mpoodiopiopov tov Fe(IIl) xon Cu(ll) katopaivetor dia g cvykpiceng:
TOV OTOTEAECUATOV PE QLTE TNG YPOHATOMNETPLKTG HeBSSov, Kpitiplov tng akpt-
Beiag tov mpoodiopiopotd Na(l) kot Ca(Il) eAjedn 10 mooc0oTOV % 10VTOEVOA-
hoync To omoiov mpémel, S0 Ta vIOAOITOUEVE OPYIKA 1OVTA Kal Ta vaoawspxo--
peva 1évta, afpolduevo va givar 100 %.
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