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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 1 4, 1979) 

Summary 

The retention behaviotx 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-l 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-alkyltrimethylammonium ion, Aromatic acids (Mandelic acid. Benzoic acid. Salicylic 
acid, o-Phenoxybenzoic acid. p-Hyiroxvbcnzoic acid. m-Hydroxybenzoic acid). ion-pair reversed phase 
liquid chromatography. 

Abbreviations : MA = Mandelic acid; SA = Salicylic acid; BA = Benzoic acid; 
o-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 l .  That was after the development of alkyl modified silicas as 
packing materials 2. 
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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 compounds3. 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 4. Several theories 
were postulated about the mechanism of this type of chromatography 5-7. In 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 (43 was 
adsorbed onto the hydrophobic surface (L). Counter-ions from the eluent (B '-and 
HB') neutralize the positive charge of the adsorbed extracting ion9. Finally the 
tracer ions (A-) are exchanged with those counter-ions. 

The equilibria that mainly contribute to the whole process are: 

HA, +L,**LHA, 

At the pH of this system both hydrogen phosphate (B2-) and dihydrogen 
phosphate ions (HB-) occur in the eluent, so another possible ion-exchange 
equilibrium may also be written: 
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[LQ+HB ;I 
'K = [LQ i] [HB L] 

But it is known from previous studies that divalent ions are bonded stronger 
than monovalent ions, so this last equilibria can be neglected7. 

The subscripts s and m denote the stationary and mobile phases respectively. 
The 'distribution coefficient is defined as: 

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

Because the dissociation constants of the acids used are in the order of 10" to 
1 0 . ~  it can be assumed that [H'] 4 K,(pH > pKa) and thus: 

The adsorption of an extracting ion in a system like the one concerned, could be 
successfully described by a Freundlich type isotherm: l0  

Thus 
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l 
log(K -KA- ) = log[QL] + C (C =constant) 

Knowing that .k '  = q K  (where q is the phase ratio) it can also be written that: 

l 
log(k' - k i -  ) = - log[Qh] + C '  

2n ( 1  1) 

Therefore, the plot of log(k' - k i -  ) vs. log[Qf,] should be a straight line with a 
slope of 1/2n. 

Experimental 

Apparatus 

The apparatus was a self-built chromatograph (fig. I )  equipped with a pump 

INJECTION 
PORT 

SOLVENT PUMP 
RESERVOIR 

j CIRCULATING l 
IWATER BATH I 
-,,,-.J 

GAUGE 

F I G .  1 : Chvomatograph 

(ORLITA, SK 15 with a pulsation damper), a high pressure sample injection valve 
(RHEODYNE, 70-10) with a 20 pL standard sample loop (RHEODYNE, 70-1 l), 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$ 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 p H  electrode (PUSL, 1290 H). The temperature was held at 40 k l OC 
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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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-l 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-l 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-l . 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 
triplicatgd 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 popuTar technique 
for packhg chemically bonded packing materials is the balanced-density slurry 
packing technique ' l ,  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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1 
WASTE 

FIG. 3 : Appar*atus 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. Beforc 
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 reference4. 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 VRo but the problem 
of knowing its precise value has not been solved 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 E,  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 VRo 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:. 
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A Sodium Nitrate 

1.0 l I I I 
0 10 2 0 3 0 

p T B A  in e luent ,  r n M  

FIG. 4 : Stability of V R ,  of various "unretained" colnpounds as a function of the TBA con- 
centration. 

where t R ,  V R ,  tRo, VR0 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 11. 

TABLE I : Breakthrough data of TBA 

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

* grams of the packing material 

TABLE I1 : Breakthrough data of TDTMA 

TDTMA in eluent, M adsorbed TDTMA, pmol/g 
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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 f 0.01 (with correlation 
coefficient = 0.99) and for TDTMA 0.13 f 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 I11 and IV 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' -kk-) vs. log[Q&] straight lines were obtained with a mean slope 
of 0.74 f 0.08 for TBA and 0. l l f 0.02 for TDTMA. 

TABLE I11 : Retention data of aromatic acids using TBA as extracting ion. 

TBA in eluent, M 
MA BA SA 0-PBA 

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

k'  
TDTMA in eluent, M 

MA BA p-HBA m-HBA 

0 0.07 19 0.275 
5.025 X I O - ~  7.37 23.1 4.44 11.0 

1.008 X 10" 8.01 24.6 4.9 1 12.4 
2.040 X I O - ~  7.86 24.0 4.99 12.5 



REVERSED PHASE ION-PAIR CHROMATOGRAPHY 

------D TBA in  eluent .mM 

FIG. 5 : Capacity factors as a function of the TBA concentration. 

-----D TDTMA in eluent,mM 

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 k 0.04 with carrelation coefficient = 0.92) and in the system with TDTMA 
it can be written: 

that is in good agreement with the calculated value from the adsorption isotherm 
(I/n = 0.13 k 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 I11 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 VRo 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. 

M E ~ E Z ~ ~ ~ ~ K E  q D U ~ T C E ~ L ~ ~ O ~ ~  OS npO< TqV KUTUKP&TT)B~ O P L O ~ ~ V W V  UpWpUTt- 
K ~ V  K U ~ P O ~ U ~ I K Q V  O ~ ~ O V  (pav t i~h t~6 ,  P E V ~ O ~ K ~ ,  o a h t ~ u h t ~ 6 ,  o-cpatv6ku-P~vcol- 
~ 6 ,  p-  at ~ - u ~ ~ ~ ~ u - P E v ~ o ~ K ~  otd), os 6va obozqpa ~poparoypacpiaq aveorpap& 
vqq cpkoqq, p& ~pqotponoiqoq dp6cpoPqq o ~ a x t ~ q q  cpboqq K U ~  ptyp&~ov 
nponavbhqq- l  at u G a ~ t ~ h v  p u e p t o ~ t ~ h v  Gtahupb-cwv cpwocpopt~hv p pH = 7.00 
nou nepti~ouv 6tbcpop~q n o o 6 z q ~ ~ q  n-&h~uho-~pty68uho appovta~od t 6 v ~ o ~  oav 
KtvllTq cpboq. C'C0 0do'Cqpa KOU E ~ E T ~ ~ ~ K E ,  ll K U T U K ~ ~ T ~ ~ G ~ ~  K U T & U ~ ~ V & T U ~  an6 
6va pqxavtop6 tov~evahhuy~jq. 

E p s u v ~ j e q ~ ~  q sniGpaoq T w V  appov ta~hv  U U T ~ V  L ~ ~ U V  OTqV K U T U K ~ & T ~ ~ ~  
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KINHTIKOX IIPOEAIOPIZMOE AZKOPBIKOY OEEOX -XE @APMA- 
KEYTIKA XKEYAXMATA KAI BIOAOTIKA YrPA ME THN TEXNIKH 
ANAXAITIXEClX POHX 

A.I. QAPACOTAOY & M.I. KAPArIANNHC 
Epyaazripio Avahrr~t jq Xtjy~&iac ~ a v & n i a z ~ p i o o  Iwavvivwv 

(Received January 2, 1982) 

Zuvz,urjo&zq : VC = B ~ ~ a p i v q  C, AA = A o ~ o p P 1 ~ 6  066, DAA = AsB6poao~op- 
p t ~ 6  otd, DCPI =2,6 -Gt~hopocpatvohtvFocpatv6h~. 
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Kaz6 zov npodtop top6  zou a o ~ o p p t ~ o b  o5ioq p& zqv npoz~ tv6p~vq  ~ ~ v q z t ~ f l  
pi0060 av&huoq~,  yivszat ~pTjoq zqq avzi6paoqq ~ o u  a o ~ o p p t ~ o 6  o c i o ~  (AA) p& 
zqv 2,6-6t~hopocpatvoh~v6ocpatv6hq (DCPI), ~ a z 6  zqv onoia q iv6ocpatv6hq ano- 
~popaz i j s za t  n p o ~  pta h~uao ivooq  (DCPI),, TO 6~ U ~ K O ~ P L K ~  056 o~&t6hv&zat  
npoq ~ E ~ ~ ~ ~ o u C ~ K O ~ P L K ~  056, ~ ~ ~ ( P O V C I  p& tqV avzi6paoq 

HO-C C-OH 
cH(oH)-HcIJc-o I 

CH,OH 0 

H ~ u ~ 1 5 . r q . t ~  ano~pwpaztopod ~ q q  cpatvoh~v6ocpatv6Lqq &~upz6zat  an6 zqv 
ouy~ivzpwoq zou (AA)  at yt' a u ~ 6  q avzidpaoq pnopsi va ~pqotp&Gost oav 
E V ~ E Z K T L K ~ ~  avzi6puoq yta T ~ v  Tqq O U Y K ~ V T P W O ? ~ <  ZOU (AA) 0~cot~6i j -  
noze X ~ O V I K T ~  oztypfl p ~ z 6  zflv a v 6 p ~ t t q  TOV avzt8pao~qpiwv (AA)  at (DCPI). 
H &rcrzu~flq ~cpappoyfl o n o ~ u o 6 f l ~ o z ~  K I V ~ T ~ K T ~ S  p~O66ou av6h~oqq  npoijno@iz&t 
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A = E  b [DCPI] =-log T ( 1 )  

d[AAI - ---- 
dt 

drDCpll = k [AA], [DCPI], 
dt 

6nou k q oraOep& ra~brqraq avri6paoqq ortq 6~60p~?veq ( T U V ~ ~ K E ~ ,  [AA], K ~ L  

[DCPI], ot ortyp~aieq ouy~svrphoetq rwv avrt6paorqpiwv. H ~ L O  ouvq8topkvq 

d[AA] d[DCPI] 
6nou q napbyoyoq - dt dt 

av&hoyo~ rqq [AA] .Ij [DCPI] orqv a p y j  

rqq avri6paoqq, perpeirrx aur6para. Ay06 TO (DCPI) oro peherobpevo oborqpa 
eivat q p6vq ouoia nou anoppocpei oro p(~oq ~bparoq nou perpoi)pe, toxbouv OL 

a~6houesq oxkoetq: 

logT = - E  b [DCPI] rj log(VNo) =-E b [DCPI] (3) 
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6xou A t = &  b [DCPI] eivat q ortyptaia cmopp6cpqoq rou avrt6phvro< piyparoq. 
Ax6 rqv orot~etopecpia rqq avri6paoqq  oxb bet: 

[AA], = [AA] 0-[DCPI] 0 + [DCPI], (6) 

67-cou [AAIo  at [DCPIIo OL a p ~ t ~ t ~  ouy~evrphostq rov avrt6phvrwy. CuvGtaop6< 
tov  (5 )  K a t  (6) Givet: 

dV - -- At V k -  [DCPIIO + ~DCPII, 1 
dt 0,43 o [ l  - [AA] [AA10 

H o ~ k q  (7) mtrp6xet rov u~ohoytop6 rqq [AAIo av q K h i q  dV/dt perpq0ei 
oe o;oto6fixore oqpsio rqq ~ a p ~ c b h q ~  V = f(t), civat 6pa5 c(papp6otpq yta rouq 
a v a h u r t ~ o b ~  paq o ~ o x o b ~  av ~ o ~ b o u v  ot a ~ 6 h o u o q  npijxo06oey: i) q xoo6rq.r~~ 
Q =(A, V)/0,43 va xapap6vst oraOspfi pkoa o ra  nhaiota rou x ~ ~ p a p a r t ~ o b  
ocpcihparo~, xpciypa xou ouppaivet orqv 7-cepimwoq rq< epyaoia~  aurqq ',ii) q 
xoo6rqra Y = {l - ([DCPI] o/[AA] o) + ([DCPI] ,/[AA] o)) va xapapkvst oraOspfi 
K a t  xepixou ioq p& rqv pov&Fa, p6oa o ra  xhaiota rou x ~ t p a p a ~ t ~ o ~  o(pcihparo<. 
AV ro (AA) eivat oe xspioowa, aur6 ouppaivet yta r a  a p ~ t ~ c i  orcibta rq< 
avriFpaoqq. M '  a u r 6 ~  rtq xpoijnoOto&t< q eeioooq (7) ypcicperat 

6xou S = k  Q Y. 0 ouvrsheotfiq avahoyiaq S/AV o ~ q v  ~Eiowoq (9) eivat q 
Khioq rq< avahurt~fiq ~apxbhqq yta rov xpoo6toptop6 rqq [AAIo. Merphvraq 
tov ~ p 6 v o  At yta pta wptoptvq perapohfi rou ofiparoq orqv kpXfi rq< 
avri6paoqq p7t0p0bp~ VC1 uxohoyiooup~ TqV CYPXLKT~ O U Y K ~ V T P O C J ~  ZOU ~ B K O ~ P L -  
~ o b  ot,koq or0  6eiypa. H ~ a p n b h q  avacpopci~ XVEL 715 rtptc TOU ~~~r iorpocpou 
~ p 6 v o u  l/At, ouvaprfiost rqq a p ~ t ~ f i <  ouy~6v~pooqq  TOU (AA) oro psrpobpevo 
Feiypa. 

a) 'Opyava Kai Glazd&i~. 

Xpqotp07~0~TjOq~e q xetpapart~fi 6tciraEq xou avacptpsrat oe xpoqyobpeveq 
epyclrriq  at xou Gei~ve-cat oro oxfipa l 
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1. 0 5 a h l ~ 6  o t d  0,2 M oe aneoruypSvo 66op. 
2. A ~ K O P P E K ~  056 0,l M B& 616h~pU O ~ U ~ E K O ~  0560q 0,2 M. A ~ u r q p ~ i r u t  Or0 

~ u y ~ i o  yta Sva pljva xwpiq & q p a v r ~ ~ f i  ahho iwq  rou (AA) (Merck, Extra pure.). 
3. 2,66t~hopocpatvohtv6ocputv6hq (DCPI), Ftcihupu 1,O 10" M o& 0,0294, 

WaHC03 (Merck pro analysi). H rtrho66rqoq rou GtahGparoq auro0 pnopei va 
yivet &Ire oy~ope rp t~c i  pe np6runo Ftcihupu (AA), &ire (~aopurocpwrope~p~~ci  
hapPcivovmq rqv rtplj rou popta~od ouvreheorlj unopp6cpqoqq E = 8600 M-'cm-' 
or0 p f i ~ o ~  ~ d p a r o ~  h =522nm ''.TO Ftcihupu Gtusqpeirat avuhhoiwzo ozo yiuy&io 
ytu Svu pljvu ;&,Iinou. 

4. M~~acpwocpopt~6 050 (HP03),,  u 6 a r t ~ 6  6tcihupa 20%. A~urqpeirat oro 
yw,czio TO n0h0 yta 660 eP60pci6eq. 

5. 2,3-6tpep~anronponav6hq- 1. X q p t ~ h q  ~ a O a p 6  U V T ~ ~ ~ C K J T I ~  PLO. 
6. Y6po5ei6to rou Kahiou KOH, u 6 a r ~ ~ 6  6tbhupa 50%. 
7. N-at0uh-paheipiGto, u6u r t~6  Ftcihupa 3,296 w/v. 
8. 2,4-6~v~rpocpatvuhu6pa~ivy (DNPH), Ft&hupa pe OetoupIa. Atah0oupe 2g 

DNPH KM lg Oetoupiuq oe 100 m1 H ,S0 4 9 N KUZ 6tqO06pe. 
9. Tp txhwpoo~ t~6  050 4% w/v. 

10. 0 6 1 ~ 6  066 10% v/v. 
1 1. H *So4 85% W/V. 

H npoerotpaoia KUI q p0Optoq rou opycivou yiveru~ ~ a r c i  r a  avacpepbpsva oe 
~ p ~ ? l y ~ f i p & ~ & q  &p')KX&&q Cqpethvoupe E V ~ E ~ ~ E L <  TOU p&'C~q'Cfi X P ~ V O U  ytU 5 
rouhcixtorov perpljoetq K M  yta 6ha r a  np6runa Gtahdpa~a. r t a  K& K ~ ~ T ~ T O  

Ft6hupa GtaBci[oup& orov p~rpq r l j  rov xpdvo At yta pta optopSvq ( q v  i6ta yta 
6ha r a  np6runa Ftah0para) perapohlj rou oljparog, AV=0,5 V, oro u p x t ~ 6  
ypapptK6 rp@U TqG ~upnGhqq U V T ~ ~ ~ I ~ & W <  Kat G ~ ~ E L ~ V O U ~ E  O E  X ~ ~ I O ( T T O ~ E T P L -  

~6 xapri aouq avriorpocpouq xp6vou~ ]/At ouvaprljoet rqq ouy~Svrpwoq~ rou 
(AA) rov nporGnwv Gtahupcirwv. ME rqv pS0060 rov ehaxiorwv rerpayhvwv 
Ppio~oupe rqv ~ h i o q  rqq ~ a p n O h q ~  avacpop&q (K.A.). H rtpq rqq Khiqq 
Pp66q~a 164270 * 1540 S-' M-'  at 75220 + 705 S-' M-' yta ouy~evzpho~tq  
DCPI 4,O 1 0 - ~  M Kut 0,9 IO-'M a v r ~ o r o t ~ a  KUt  6~ppoKpctoiU 25 'C. Kut ortq 6uo 
n ~ ~ t n r h o & ~  AV = 0,5 V. 
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6) IIpoezolpaoia zwli 8 ~ z y p ~ z o v  yza zpoa&opzopd (AA) 08 pappa~euzz~ci o~evciopara 

I. d i a ~ i a  a o ~ o p p l ~ o 6  O<~OS: Zuyi<ovza1  at ~ 0 ~ ~ 0 n 0 1 0 6 ~ z a t  za b t o ~ i a  betypa- 
z o h q ~ i a q  oe 'Iybio nopoehbvqq. Mezacpfpsrat a ~ p t p h q  <uytoeeioa noo6zqza rqq 
o ~ 6 v q q ,  nou avrtozotxei nepinou oe 1 mg (AA), oe  O ~ K O ~ E Z P L K T ~  cptbhq zov 50 ml. 
To Geiypa btah6ezat os o 5 a h t ~ 6  056 0,2 M  at oupnhqphvszat q cptbhq p& zov 
i6to GtirhGzq p f ~ p t  ~apayfiq .  TO happav6pevo btauyiq Gtbhupa pezb an6 btqQqoq 
fi cpuyo~fvzpqoq eivat fzotpo yta pizpqoq. 

2. d r o ~ i a  (AA) nou neprixouv aoBiazro ?j dUes  ovaler ?-coo avzibpo6v pe 0<ailKd 
o<6: A~ohouesizat  q i6m nopsia nou neptypby~ape n10 nbvo, p& zqv Gtacpopb 6zt 
avzi yta o k a h t ~ 6  056 ~pqotponoteizat  0 5 1 ~ 6  056 10%. 

3. Eviarpa ?j orpdnra (AA): Mezacpfpovzat oe  O ~ K O ~ E T P ~ K ~ ~  cptbhq zov 50 ml, 
a ~ p t p h ~  pezpqpfvoq 6 y ~ o q  evfotpou q otpont06 nou , a v z t o ~ o t ~ e i  oe 1 mg (AA). 
Cupnhqphvszat p& o k a h t ~ 6  056 0,2 M p f ~ p t  zqv ~ a p a y q .  

E) npoezorpaaia zov  G~rypdzwv yia zov npoobropropd przapivqs C aza o6pa. 

I. npoa&opropdq (AA) aza oripa: Apathvovzat 10,O m1 oGpa p&pt 6 y ~ o u  50,O 
m1 pe z p t ~ h o p o o c t ~ 6  056 4%. To happav6pevo btbhupa, pen5 an6  bt jeqoq eivat 
fzotpo yta zov npoobtoptop6. 

2. ~poo&opropdq oir~rjq  pi~apivqq C m a  oripa: ApatGvovzat 10,O m1 o6pa p i ~ p t  
6 y ~ o u  50,O m1 p& H P 0 3  5%. To  Gtbhupa Gtqesizat oe m u ~ o r 6  q0p6. CE 30,O m1 
zou btqO?jparoq npoozi0evzm 0,l m1 btpep~anzonponav6hqq K ~ L  KOH 50% pfxptq 
6zou r o  p H  yivet 5 3 .  Acpqvszat TO bdhupa os ubp6houzpo e e p p o ~ p a o i a ~  30 'C 
yta 10 henz&. IIpoori0evtat 10,O m1 N-ateuh-paheipiGto Kat zo beiypa acp~vszat 
ozo uGp6houzpo yta fva hsnr6 a ~ 6 p q .  O~tvi<azat  p& H P 0 3  20%  at oupnhqphvs- 
.rat o 6 y ~ o q  &pt 50,O m1 pe aneozaypivo 66wp. To btbhupa auz6 eivat frotpo 
yta pirpqoq. 

3. ITpoobzopzopd~ (DAA) oza o6pa: An6 rqv Gtacpopb zqq ohtcqq ptzapivqq C 
 at zou (AA) unohoyi~ezat TO no06 zou unbp~ovzoq (DAA) oza o6pa. 

H ~ a p n d h q  avacpopciq epcpavi<et nohd ~ a h q  ypappt~6zqra  yta rqv n e p t o ~ q  
ouy~evrpGosov (AA) an6 5,O ~ o - ~ M  p f ~ p t  50,O IO-' M   at an6  1,O 1 0 - ~  M p f ~ p t  
5,O 1 0 - ~  M, 6zav q ouy~fvzpwoq tou DCPI napapivet q ibta Kat ioq pe 4,O 10" 
M  at 1,O 1 0 - ~  M a v z i o z o t ~ a  yta ztq 660 neptoxfq o ~ y K & v ~ p h ~ & @ v  zou (AA). To 
oxljpa 2 Geixvet ztq ~ a p n 6 h s q  avacpopbq pe np6zuna Ftah6para (AA), 6nou 
cpaiverat q Kahq ~ n a v a h q n z t ~ 6 z q r a   at ypappl~6zqra  auzhv. 0 ouvteheozTjq 
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o u o ~ s r i o s o q  sivat r =0,9998. H s n a v a h q n t t ~ 6 r q r a  sivat r6oo Kahq va 
pnopsi va nporaesi ~ h p a 5 q  rqg ~apnr jhq< ava(~ophq i v a  p6vo oqpsio, 
yvopi<ovra< an6 o r a r t o r l ~ l j  avhhuoq 7C~tpapattKhv 6~60pivov  6 t t  autlj 6 t i p ~ ~ -  
rat  an6 t q v  apxlj t o v  acbvwv. ITstpaparuch FsFopEva i6~15av 6r t  ~ a p n 6 h ~ q  
avacpoph< ps i v a  p6vo oqpeio Fivouv ~ h i o s t q  nou ~ p i m o v r a t  p i o a  o t q v  n s p t o ~ l j  
rtphv Khiosov rov  ~ctpxrjhov avacpoph~ PE nsptoo6repa oqpeia. r t a  nto psyhhq 

CXHMA 2. KayrcGhq avacpopb< yta TOV apoo5toptop6 a0~0pptK06 oe605 os cpappalcsurt- 
K& o ~ ~ u 6 o p a ~ a  KaL Ptohoyt~b  uypb. 

(a) [DCPI] = 4,O I O - ~  M (P) [DCPI] = 0,9 10-5 M 



CXHMA 3. M ~ r c t p o h ~ j  rqq ~hicsqq rqq ~apnrjhqq ctvctcpopciq p& rqv ouy~kvrpooq  rou 
DCPI. 
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Miooq 

OLpos 
At, ms 
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A ~ i y p a  ~ ~ E ~ I E K T ~ K ~ T ? ~ T ~  AA, mg/ 100ml* Atacpopb 

CXHMA 4. Z u o ~ 8 t t o q  Tq< K ~ O T E ~ V ~ ~ E V ~ <  Kat t q ~  Khaoo l~qq  c p w - c o p ~ ~ p t ~ q ~  p&068ou 
n p o o S ~ o p ~ o p o 6  TOU a o u o p p t ~ o 0  o5koq. 
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IIINAKAC 111 : Anorahiopaaa acpappoy?jq tqq ~po r s tv6pevq~  p&&80u orov X ~ O C ~ S I O ~ L -  
op6 (AA) oa &xia rou E ~ K O ~ ~ O U . ( ~ )  

Kazaor&uaor?jq AA, Gqhwp8vo AA aupa08v Avcirrqoq 
avci Gtouia, avci Gmcio, % 

mg 

RINAKAC IV : RpooGtoptop6< (AA) oe av io~pa  GtahGpara Kat otp6ma zou e p ~ o ~ i o u ( ~ !  

Ka?aor&uaot?jq AA, Gqhopivo AA aups0Ev Avci~rqoq 

A 500mg/cp6otyya 503,5mg/cp6otyya 100,7 rt 1,4 
B 500mg/cp6atyya 507,7mg/cp6otyya 101,Srt l , l  
r ~oomg/m~ 10 1,7mg/ml I O I , ~ +  2,2 
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[AA] ohwfl ptra- [DAA] arc6 [DAA] p 4  Atacpopci ~ o v  
pivq C 6tacpopdc 80605 DNPH 660 p~866wv 

9% 

H aor60~ta rou (AA) ora Ptohoyt~6 uyp6 ~ i v a t  xapa~rqp tor t~q .  rIaparqpfi- 
Q ~ K E  6rt ora o6pa o~ 0 ~ p p o ~ p a o i a  6wpariou U X & ~ X E I  pta o u v ~ ~ f i q  anGhsta (AA). 
CE 6130 Gp~q  q noo6rqra rou (AA) ora oljpa p~tGvsrat ~ a r 6  42%, EVG os 4 Gpsq q 
psiwoq cpr6vet ra 75% rqq apx t~qq  r t p q ~ .  

EnstGq, 6nwq avacpipOq~s, q npor~tv6p~vq pt806oq paoic~rat orqv oE~t60- 
avaywyt~~j  C(V'&$(X(T~ TOU (AA) P E  TO (DCPI), ~ 6 . 0 ~  ~ V O G ~  n0U P P ~ C T K E T C L I  Or0 
6~ iypa  Kat av6yet TO (DCPI) ~ i v a t  nqyq xapepno6ioewv yta rov npoo6~optop6 
rou (AA). Ot ~vGostq auriq 6pwq avrt6poljv ps TO (DCPI) nohlj apy6 OE 

oljy~ptoq pE 70 (AA). H K L V ~ Z L K T ~  p.68060~ nou T E P O T E ~ V E T C I ~  E ~ O U ~ E T E ~ I ( ; ) V E ~  ra 
npophqpara aur6, ytari q npoo6topt~c5p~vg ouy~ivrpwoq rou (AA) Ppio~srat 
an6 rqv raxdrqra rqq avri6paoqq, no6 ~ i v a t  noh6 nto p&y6hq, OE 06y~ptoq P E  

T L ~  rwv 6hhwv avayoyt~Ov O U ~ I ~ V .  H avri8paoq TOU (AA) PE TO (DCPI), 
av6hoya P E  rqv ouy~ivrpwoq rou (AA) ouprhqpGv~rat os 20-500 ms 7, EVG 0 1  

avrt6p6oetq rwv 6hhov uvaywyt~hv oupnhqphvovrat pm6 an6 5-10 s ' ? ~ s h i r s q  
n a p ~ p n o 6 t o r t ~ ~ j ~  6p6oqq nou iytvav ps yhu~6<q, cppou~r6<g T;uh6<q i6stEav 
6rt ot E V ~ E L ~  auriq ~ E V  napspn06i<ouv TOV npoo8toptop6 TOU (AA) oe o u y ~ t v -  
rpwoq 2 mg/ml rou G~iyparoq. 

Enavsthqptva n~tp6para t6s1Z9v pta pSoq av6~rqoq  (AA) 96% yta ra odpa, 
svh yta rov opp6 Kat TO nh6opa rou aiparoq TO noooor6 av6~rqoqq ~ i v a t  
xapq hhr~po .  

H xpqoq rou cpaoparocpwropirpou avaxairqoqq poqq npoocpipst iva a ~ 6 p q  
nhsovi~rqpa: TqV O ~ Y X ~ O V ~  E ( P C ( P ~ O Y ~ ~  K I V ~ T ~ K ~ ~  KCi1 p ~ 0 6 6 0 ~  T E ~ L K O ~  oqpeiou 
ps T O  i6to 6pyavo. H 6tacpop6 AA rqq anopp6cpqoqq nou Gtafi6<rrat orqv 006vq 
rou nahpoyp6cpou an6 rqv apxq rqq avd6paoqq ptxpt ora0sponoiqoqq rou 
oljparo<, pnopei va xpqotponotq0q yta rov unohoytop6 rqq ovy~tvrpooqq rou 
(AA) oro 6~ iypa  P E  P&oq q v  yvoorq oxtoq AA = E  b AC. H ouy~tvrpwoq rou 
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Summary 

Kinetic Determination of Ascorbic Acid in Pharmaceutical Preparations and Biological 
Fluids Applying Stopped-Flow Technique. 

Ascorbic acid, in pharmaceutical preparations and biological fluids is determined 
applying stopped-Flow techniques and the principles of kinetic methods of analvsis 
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 98.6f 1.9 
and 103.0 f 1.8 per cent. For injectable liquid preparations the recovery lies in the 
range 100.7f 1.4 and 101.7k 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 2,4dinitrophenylhydrazine (DNPH), 
for the determination of "dehydroascorbic acid in urine. 

The interference of different reductants is also studied. 
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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 I-? Its effect on the bread making quality of flours is known 
from the fact that the action of a- and p- amylase is easier and faster on amylose 
and amylopectin of the damaged granules, while in the intact granules is more 
difficult and slow"7. 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 p- amylase of the wheat from which they are pr~duced',~. 

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

Jones3 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 ''-l4. 
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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 15. 

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 on 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 5O 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, chorleywood2. 

Flour (0.5g) was treated with trichloroacetic acid at 50 O 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). 

MaItose index was estimated after the caramelization of the extracted sugars 
with IN NaOH in a boiling waterbath and measurement of the developed colour 
colorimetrically 16. The maltose index was expressed in mg/100g. 

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

Moisture of Milled Wheat. 

The initial moisture of the wheat samples was around 10%. 
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) 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 l'. 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. 
0 

A Brabender amylograph 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 5%) with starch damage and maltose 
index being calculated (Table W).  

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 lOOg 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 18. 

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 1 
(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 13%) did not 
affect the amount of starch damage (Table 1). 



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

Moisture Content of Grain during Milling StarcheDamage (Abs) 

High Moisture Trials Low Moisture Trials High Moisture Trials Low Moisture Trials 
Variety 

1 2 3 4 1 2 3 4 I 2 3 - 4  I 2 3 4 

Generoso 15.5 16.0 15.7 17.0 13.8 11.2 13.7 13.6 .050 .073 .078 .072 .074 .075 .086 .075 

Yecora 17.2 16.0 15.8 16.1 13.4 . 11.2 13.5 13.9 .l05 .l42 .200 .l76 .l60 .l38 .220 .289 

G-84909 15.5 17.0 16.0 15.9 13.2 11.8 13.8 13.2 .090 .094 .068 .064 ,072 .070 .082 .068 ,d 
Mec 15.4 15.0 15.8 16.6 13.9 11.8 13.7 13.5 .084 .076 .089 .065 .075 .065 .085 .065 

Strampelli 15.9 17.5 16.0 16.2 13.3 11.9 13.8 13.0 .076 .065 .077 .075 .083 .078 .070 .080 
16.8 17.0 15.9 16.7 13.5 11.8 13.9 13.2 .l10 .l36 .205 .l41 .l55 .l21 .212 .l63 

9 
Yupateco R 

0 
Recanati 16.6 16.0 15.8 16.6 13.4 11.4 13.2 12.9 .050 .093 ..090 .065 .052 .l04 .080 .076 ,C 

Torim 16.7 17.0 16.0 15.9 13.1 11.6 14.0 13.0 .l65 .l36 .201 .l84 .l70 .l47 .l82 .l89 Z 
m 

G-84865 15.5 15.5 15.9 15.9 13.3 11.5 13.5 13.7 .045 .040 .065 .063 .063 .046 .058 .064 X 

15.2 17.0 16.0 15.7 13.2 11.5 13.8 13.5 .200 .220 .272 .210 .228 .230 .260 .224 
0 

S. Cerros F 2 
trl 
d 
0 
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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. l), the carbon dioxide formation (Table II), and the 

S.D. 

T ""' 

U.060 . 

m1to.e \ 4 

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

TABLE I1 : Total Carbon Dioxide Fermentographic Production in Relation to the Starch 
Damage of the Wheat Varieties. 

Variety 
S.D.** c02 

(Abs) Production 
m1/4h 

Generoso 

Yecora 

G-84909 

Mec 

Strampelli 

Yupateco 

Recanati 

Torim 

G-84865 

S. Cerros 

P- 

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

0,240 

0.220 

0.  ZOO 

0.180 

0.160 

I 0.140 

0.120 

0.100 

0.080 

0.060 

U.040 

0.010 

'0.000 

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 ~ ta rch~ ' ,~ ' .  



S.D. 

FIG. 3 : Correlation of starch damage and wheat endosperm hardness estimated from the 
grinding time. 

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 k n ~ w n ~ " ~ ~ .  
This is a result of the change of the protein structure and especially of the-SH and - 
SS bonds 26. 

The consequences on starch have not been studied, but generally a reduction of 
the maltose index is obsewed 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 simuItaneously a gradual decrease in the maltose index (Fig. 5). 

S.D. 

C.250 

0 . 2 4 0  

0 . 2 3 0  

0 . 2 2 0  

0 . 2 1 0  

U.200 

0 . 1 9 0  

0 .180 

0 . 1 7 0  

FIG.  5 : Changes of S.D. and maltose index after high temperature hydrothermal treatment 
(conditioning). 

Starch Damage in the Air-classvied Fractions. 

The air-classification of the flour resulted in the transfer of proteins in the fine 
fraction (Table 111). 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 27. 

The displacement 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 I11 : 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 7.9 20.93 0.290 4.95 
Medium 9.6 10.58 0.180 1.77 

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 1 1.46 0.205 2.85 

Fine 13.8 24.1 1 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 10.32 0.055 1.28 

Fine 17.2 22.80 0.165 2.56 
Medium J0.9 7.91 0.045 1.03 

Ge\neroso 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 Pvegefatinized 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 rnaltose 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 Chavactevistics. 

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 I5 0.212 - 
20 0.276 2.90 
25 0.31 1 - 
30 0.350 4.89 

Yecora 

S. Cerros 
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S.D. 

FIG. 6 : Correlation of starch damage and percentage of pregelatinized starch added in three 
wheat varieties. 

FIG. 7 : Change of fermentographic carbon dioxide production with the addition of 
pregelatinized starch during the Ist, Znd, 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.D. 

l 
' 

0.250 

0.225 . 

0.200 . 

0.175 . 

0.150 - 
Yl-1.50724 + 0.0120661 X 

0.125 . 

0.10Q . 

0.075 . 
0 F84865 

0.050 , , , . . . 
130 132 134 136 13% 140 142 144 146 14i 

Bread weight g .  - 
FIG. 8 : Correlation of starch damage and bread weight. 

0.050 L . P 
300 350 400 450 

loaf volume cm3/loos flour - 
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 conditions are apparent 
especially on the hard type varieties. 

ITpoopohj rov 'Apvlov Gzapbpwv ITOIKIAI~V Czzapzoo' nplv Kal p~roi zqv 'A l~oq:  
Eniapaoq ozqv Apronozyzz~y' I~avdzyra 
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Sommaire 

L'interet du present memoire se porte sur la synthese des esters N-(aryl methy1)oxo-5 
pyrrolidine carboxyliques-2 et certains de leurs derives, matieres premieres a la preparation 
de nouvelles series heterocycliques. La methode qui utilise une petite quantite de methanol et 
un solvant polaire aprotique semble donner les meilleurs resultats. 

Key words : N-(aryl methyl) 5-0x0 pyrrolidine carboxyliques acids and esters. 

Introduction 

L'utilisation des acides N-(arylmethyl) 0x0-5 pyrrolidine carboxyliques-2 4 
(acides N-arylmethyl pyroglutamiques) et de leurs derives comme matieres de base 
pour obtenir de nouvelles series du type 5 ', 6 ', 7*', et 8 ' nous a incite de mettre au 
point une methode de preparation qui nous fournirait ces acides d'une part avec uh 
rendement satisfaisant et d'autre part nous permettrait de travailler avec des 
quantites importantes de matieres premieres. 

Cette synthese a ete decrite par nous meme en 1973~,  puis campaigne4 en 1975 
et ~ e r l u x ~  en 1976 selon un principe identique: formation du derive sode du pyro- 
glutamate de methyle 2 avec du sodium finement disperse dans le toluene 335 OU de 
l'hydrure de sodium dans le benzene 4, suivie de condensation avec un halogenure 
de benzyle en presence d'un solvant polaire aprotique, puis saponification de l'ester 
forme. Ce type de reaction presente l'inconvenient de ne pouvoir s'utiliser qu'avec 
des quantites restreintes de matieres premieres; la reaction elle-meme et aussi la 
formation des associations de haut poids moleculaire du 2 dans ies solvants 
aromatiques sont fortement exothermiques avec toutes les consequences lorsqu'on 
travaille avec des quantites importantes de matieres premieres. Nous avons donc 
cherche d'autres methodes de synthese. 
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Discussion et resultats 

La methode qui utilise le carbonate de potassium et le bromure de methyle pour 
methyler le 1 appliquee au chlorure de benzyle ne nous a donne que 10% de ren- 
dement en 3 (R =H). En travaillant en milieu fondu et en presence de carbonqte-de 
potassium et d'un agent de transfer de phase7, le dibenzo-crown-6, dans.diverses 
conditions de duree et de temperature, nous ne sommes pas'arrives a depasser les 
40% de rendement en 3 (R=H) .  

On sait que les imino-ethers derives des lactames peuvent etre alkyles sur 
l'azote 8,9. 

En faisant reagir l'ethoxy-2 A-1 pyrroline carboxylate de methyle-5 14 obtenu 
par l0 avec le chlorure de benzyle nous ne sommes pas parvenus a obtenir un 
rendement superieur a 37% en 3 (R =H). 

On peut enfin songer a une reaction d'echange entre le I et un alcoolate de 
sodium pour former le 2. 

La reaction du I avec le methylate de sodium, forme in situ, puis avec le 
chlorure de benzyle ne nous a donne que 14,3% d'ester 3 (R =H) accompagne 
d'une quantite importante de methyl benzyl ether. Le choix d'un autre alcool 
comme l'ethanol ou l'isopropanol n'ameriore guere le rendement qui est pro- 
bablement du a l'equilibre ci-dessus. On peut deplacer cet equilibre en diluant avec 
le benzene. L'addition d'une quantite importante de N-methyl pyrrolidinone -2 est 
aussi necessaire ' O  car ce solvant detruit les associations du 2 formees qui ne sont 
pas attaquees par le chlorure de benzyle. 

Nous avons ainsi pu obtenir un rendement de 63% en 3 (R =H). Les cara- 
cteristiques des esters que nous avons synthetises sont rassemblees dans le tableau 
1; Les rendements indiques sont ceux obtenus par dispersion du sodium dans le 
toluene. 

*cide L-glutamique - A O =()cmc*r 0 
C M  0 w C H 3  - 

l4 1 8 
s 2 
NO 

11 12 
SCHEMA 1 
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TABLE I : N- (aryl methyl) pyroglutamates de methyle 

(d) : le produit n'a pas ete caracterise. mais sapnif ie  directanent 
en acide. 

(el: une partie du produit cristal l ise e t  est carasterise; l e s  
huiles restantes sont s a p ~ f i e e s  en acide et le rendanent 
est calcule sur l a  samie ester plus acide. 

(f): les analyses sont conforn~s aux valeurs theoriques 2 0;4% 

Differents halogenures de benzyle substitues sur le noyau ne nous ont vas 
donne les resultats attendus: la cyclisation thermique " .du bromomethyl benzoate 
d'ethyle 9 est plus rapide que sa condensation avec le 2 et on obtient le phtalide I O  
quantitativement. Par ailleurs, le derive sode 2 arrache un proton methylenique au 
chlorure de paranitrobenzyle qui se transforme ainsi en dinitro trans stilbene. 

Les acides N-(aryl methyl) pyroglutamiques sont obtenus quantitativement par 
saponification des esters precedents. Les caracteristiques des acides sont rassem- 
blees dans le Tableau II. 

Les esters 3 reagissent avec les solutions aqueuses de methylamine ou d'hy- 
drazine pour donner les amides correspondants. L'ammoniaque dans les memes 
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SCHEMA 2 

TABLE II : Acides N- (aryl rnethyl) pyroglutamiques 

0 4 9 -  

t% 

(a) : ref. (10) ; (b) : litt. (4) :F:122-123~; M t  89%; (c) : litt. 
(5):F=13S0; (d): litt.(5): ~ 1 1 9 ~  

(f) : les analyses sont conto~me~ aux valeurs theoriquec 3 + 0,4% 
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conditions conduit au sel d'ammonium de l'acide. En solution ethanolifque cette 
reaction fournit l'amide II quantitativement. 

Apres avoir essaye plusieurs methodes nous avons obtenu le nitrile 12 par 
deshydratation de cet amide dans le chloroforme; ce nitrile a ete deja obtenu a 
partir de la cyano-5 butyrolactone et de la benzylamine 1 2 .  La reduction des esters 3 
avec l'hydrure de lithium et d'aluminium fournit les aminoalcools 13 correspon- 
dants. Ils sont des composes solubles dans l'eau et presentent des liaisons hydro- 
genes intramoleculaires qui leur conferent de faibles temperatures d'ebullition. 

Les hydrogenes du methylene benzylique des pyrrolidinones et des pyrrolidines 
synthetisees apparaissent toujours en RMN sous forme d'un quadruplet de type AB, 
la non equivalence magnetique de ces protons traduisant probablement une 
diminution de la libre rotation du groupement benzyle provoquee par le groupement 
en position 5. 

Les principales caracteristiques en RMN des produits principaux synthetises 
sont rassemblees dans le Tableau III. 

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

& R R1 x Colvant H - 3 ,  4 H - 2  H - 6 * * *  
ra-rt des in- r a p t i d e s  in- -ti- 
tensites CalCu- t e n s i t e s * ~ E -  

6 expeSmtal l&s  (311. r-tales. 

* 
Les valeurs sait &nmks ea ppn : l'€talon i n t e m  est  l e  lt+5 : = miltiplet : 2 = sirquiet : T = triplet .. 
Irs pics o0irespondants mt m l u s  dans des massifs e t  les valeurs irdiqu8es mnt a-tives. 

.** <ki trarve dans lmrdre la position reelle des handes, la caistante de couplage e t  la  diff- des -1-ts chuniques 

calNl&,"au, d ordre. , 
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Partie Experimentale 

Les points de fusion ont ete determines au bloc Maquenne electrique et ils ne 
sont pas corriges. Les spectres IR ont ete enregistres sur un appareil Perkin Elmer 
700. Les spectres de RMN ont ete realises sur un appareil Je01 a 60 MHz en 
utilisant la T.M.S. comme reference interne. Les microanalyses ont ete realises par 
le service de microanalyse du C.N.R.S de Thiais. 

Le phenyl-2 chloromethyl-4 thiazole est obtenu selon 13, le trimethoxy-3,4,5 
chloromethyl benzene selon 14, le chloromethyl-2 thiophene selon 15, le para 
chloromethyl anisole selonI6, le chloromethyl-1 naphtalene selonI7 et le pyro- 
glutamate de methyle 1 en injectant un grand exces de methanol dans l'acide pyro- 
glutamique fondu a 150•‹ obtenu in situ par chauffage de l'acide L-glutamique. 

N-(aryl methyl) pyroglutamate de methyle. Methode I. N-(ortho chlorobenzyl) pyro- 
glutamate de methyle 

On disperse finement 4,83 g (0,21 atom-gram) de sodium dans 30 ml de toluene 
anhydre exempt de thiophene. On ajoute 100 ml de benzene anhydre, puis 
lentement, 30 g (0,21 mole) de pyroglutamate de methyle dilue dans du benzene. 
Apres disparition du sodium on ajoute 60 ml de N-methyl 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 necessaire, 100 ml d'eau, extrait au chlorure de methylene, lave plusieurs fois les 
phases organiques a l'eau, seche sur sulfate de sodium et distille sous pression 
reduite. L'ester solide est finement broye et lave avec un melange ether-ether du 
petrole 1/10. 

Rendement : 753%. 

N-(aiyl methyl) pyroglutamate de methyle. Methode II. N-benzyl pyroglutamate de 
methyle 

On fait reagir 48,3 g de sodium (2,l atom-gram) avec 200 ml de methanol 
anhydre. On additionne sous forte agitation mecanique 300 g (2,l moles) de' pyro- 
glutamate de methyle en solution dans 1000 ml de benzene anhydre, puis 265,6 g 
(2,l moles) de chlorure de benzyle dans 600 ml de N-methyl pyrrolidinone-2 an- 
hydre. Apres reaction pendant 2 heures a reflux, on filtre le chlorure de sodium, 
evapore les solvants et distille de residu. Le distillat cristallise dans l'ether. 

Rendement : 63%. 

Ethoxy-2 A-1 pyrroline carboxylate de methyle-5 13 

Dans une solution de 3,6 g (0,018 mile) de pyroglutamate de methyle dans 10 
ml de chlorure de methylene anhydre, on ajoute 3,7 g (0,0195 mole) de triethyl 
oxonium fluoborate '8,19. On agite pendant deux heures a la temperature ambiante 
puis refroidit a -20' et traite avec une solution saturee de carbonate de potassium. 
La couche aqueuse est extraite encore une fois au chlorure de methylene. On seche 
sur sulfate de sodium, evapore le solvant et distille sous courant d'azote. On 
obtient l'imino ether avec un rendement de 66%. 
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E0,3 = 80 n = 1,4552 
IR (fi1m)v cm-' : 1745 C = O, 1645 C =N. 

Acide N-paramethoxy benzyl pyroglutamique 4 (R = CH 3 0 )  

On ajoute 110,3 g (0,457 mole) de N-paramethoxy benzyl pyroglutamate de 
methyle dans une solution de 18,7 g (0,467 mole) de soude dans1 450 ml d'eau. On 
porte a 90' et maintient cette temperature 1/2 heure. On laisse refroidir et acidifie 
avec 46,8 ml d'acide chlorhydrique concentre. On filtre l'acide et le recristallise 
dans un melange eau-ethanol. 

Rendement 93%. 

Dans une suspension de 300 g (1,29 mole) de3 (R =H)  dans 300 ml de methanol 
anhydre, on fait barbotter sous agitation magnetique de l'ammoniac jusqu'a satu- 
ration (environ 4 heures). On laisse reposer une nuit et sature de nouveau. On 
repete une troisieme fois cette operation, puis porte a 0' pendant 48 heures. Par 
filtrations, concentrations successives on recupere un rendement quantitatif en 
amide brut. 

F (alcool-ether) 171'; IR (nujol) vcm-' 1680 et 1710 (C =O)  3150-3325 (NH) 
RMN (deuteriomethanol) 6pp, 1,8 a 2,7 (multiplet) (4H) 3,70-3,95-4,95-5,20 

(quadruplet J =  15Hz) (2H), 4,05 (multiplet) (lH), 7,35 (singulet) (5H). 
Analyse pour C 12H 14N 202 

Calcule Trouve 

On additionne au goutte a goutte et sous agitation magnetique 9 ml d'oxy- 
chlorure de phosphore a un melange de 10 g (0,046 mole) d'amide 10 et de 30 ml de 
chloroforme excempt d'ethanol place dans un bain froid. On porte a leger reflux 
pendant 2.30 heures, laisse revenir a la temperature ambiante et hydrolyse avec 100 
ml d'eau sous agitation pendant une heure. 

On extrait au chlorure de methylene, lave avec une solution de bicarbonate de 
sodium, puis a l'eau et seche sur sulfate de sodium. Le produit est distille sous vide 
et le distillat cristallise dans un melange ether-ether de petrole. 

Rendement : 81% F = 21,523' 
E0,3 = 170' IR (film) v cm-' : 2275 (C N), 1700 a 1720 (C =O), 1675,1600,1505, 
1450 aromatiques. 

Analyse pour C 12H 12N20  
Calcule Trouve 
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Para chloro benzyl-1 hydroxymethyl-2 pyrrolidine 12 (R =para chloro) 

Dans une suspension de 0,19 mole d'hydrure de lithium et d'aluminium dans 
120 ml de tetrahydrofurane anhydre, on ajoute au goutte a goutte et sous re- 
froidissement une solution concentree de 0,0748 mole d'ester 3 (R =para chloro) 
dans le meme solvant. On porte pendant 5 heures a reflux, detruit l'exces d'hydrure 
par addition de 7 ml d'eau, 7 ml de soude a 15% et 21 ml d'eau (methode Stein- 
hardt20). On filtre le precipite, le lave au chloroforme, seche, evapore et distille 
sous pression reduite. 

Rendement : 80% E = 125 
IR (film) v cm-' : 3400 (OH) 1600 et 1500 (aromatiques). 
RMN (deuteriochloroforme) Sppm 1,4 a 2,5 massif (6H du cycle), 2,5 a 3,2 

(multiplet) (1H:H5), 3,22-3,45-3,92-4,14 (quadruplet J = 14 Hz), 335  (singulet) 
(N-CH2), 3,60 (IH disparait par addition d'eau deuteree), 3,65 (doublet J =3Hz) 
(2H: CH20),  7,4 (singulet) (4H). 

Analyse pour C 12H hNOC1 

Calcule Trouve 

C 63,86 63,80 
H 7,10 7,11 
N 6,21 6,22 

En travaillant d'uge maniere semblable on obtient les aminoalcools suivants : 

Ortho chlorobenzyl-1 hydroxy methyl-2 pyrrolidine 12 (R z o r t h o  chloro) 

Rendement 74% Eo,, = 106 - 108 O. 

Para methyl benzyl-1 hydroxy methyl-2 pyrrolidine 12 (R : para methyle) 

Rendement : 65% Eo,oi = 83" 

Benzyl-1 hydroxy methyl-2 pyrrolidine 12 (R = H) 

Rendement 80% Eo,, = 90". 

Summary 

Synthesis of N-(aryl methyl) 5-0x0 pyrrolidine 2-carboxyliques acids 

The synthesis of N-(aryl methyl) 5-0x0 pyrrolidine 2-carboxyliques esters was 
achieved using 50x0 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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Summary 

A new series of Ni(I1) complexes with ortho-, meta-, and para- halogen (F-, Cl-, 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  = O  group) and the nitrogen of the -NH2 group as 
the coordination sites. The stoichiometry and conductivity measurements indicate that the 
complexes are cationic of the general formula N ~ ( X B A H ) ~ .  The low-temperature magnetic 
susceptibility measurements and the electronic spectra suggest that the Ni(I1) microsymmetry 
is octahedral. 

Key Words : Benzoyl hydrazine Nickel (11) complexes, preparation, properties spectra, magnetic 
susceptibility. 

Introduction 

The discovery that many complexes with aroylhydrazines as ligands have anti- 
tubercular properties ' and that have been used for psychotic and psychoneurotic 
conditions2 gave new impetus to the study of analogous complexes 324. A review5 
has covered major aspects of the coordination chemistry of substituted hydrazines. 
Complex formation can take place with these ligands acting as monodentates or 
bidentates 9-'6. 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 Chaudhuri7 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 '03" (b), thus forming five-membered chelate 
rings each having a planar configuration about the central atom. 

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 ~ i ~ '  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. 

Chemicals 

Preparation of halogen benzoylhydrazines : Halogen benzoylhydrazines were 
prepared using the general method described elsewhere '?b. 

Preparation of metal complexes : NiC1 2.6S-I 2 0 ,  NiS0 4.6H20 and 
Ni(N03) 2.6H20, A.R. grade were psed throughout this work for the preparation 
of complexes in the following general method: A quantity of the nickel salt ( I  
mmol) was dissolved in 20 cm3 of anhydrous ethanol (EtOH) and the solution was 
added dropwise to 30 cm3 of anhydrous EtOH containing 4 mm01 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 co!d 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 Perkin-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 spectrophotometer. 
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Results and discussion 

Fourteen new complexes of nickel(I1) have been prepared by reacting o-, m-, 
and p- halogen benzoylhydrazines (XBAH) with NiCl 2 .  6H 20, Ni(N0 3) 2 .  6H 20 
or NiSO 4 .  6H 20 in anhydrous ethanol solutions according to the general equation: 

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 '03", 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. a 

The analyses indicate that the moles of the anion (Cl-, NO;, SO:-) 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'8 and quantitative determination by standard 
methodsI9 of the anion present. 

The molar conductivity of the complexes (Table I) was determined in 10% 
ethanol solution and in the cases of Ni(N0-J2 and NiC12 is consistent with 2:l 
electrolytes. It is worth noting that the values obtained are somewhat higher than 
those reportedI4 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 11. The 
base peak at m/e = 139 was attributed to the ( C I C ~ H ~ C O ) +  ion in all cases. The 
peak at m/e = 141 is partly due to the 3 7 ~ 1  isotope as the ratio of peak intensity in 
the o- and m- cases exceeds by far the one corresponding to the 3 7 ~ ~  : 3 5 ~ 1  ratio. 

Infrared Spectra 

Evidence for the form of existence of the ligands as well as the mode of bonding 
to nickel(I1) is provided by infrared spectroscopy? 

The absence of absorption bands at frequencies higher than 3500 cm-' indicates 
that formation of -OH in the free ligand does not occur to any significant extent. 
Similarly, the strong absorption at about 1660 cm-' is a t t r i b ~ t e d ' ~ . ~ ~ ~  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 I : Yield, melting point, molar conductivity and elemental analysis of N~(XBAH)? complexes 

M. Pomt Conductlvlty 

Compound Yield ~ ~ . r n ~ . r n o l - '  Ni96 C % N % H % C1 % 
"c 
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TABLE I1 : Mass spectra of (0-, m-, p)-Chlorobenzoylhydliazine and their Ni(I1) complexes. 

Relative abundance I % 

Ligand Ni(I1) complex 

* trace 

cm", which are associated with the N-H stretching vibration 20, 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 band. The <<amide I,, band is associated 
with a C = O  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 benz~ylhydrazines'~ and at - 1630cm-' 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 l 7  is eliminated 
upon complex formation. In addition to the <<amide I* band the <<amide IIw and 
<<amide IIIn bands are also observed. These are again coupled vibrations. 

The <<amide IIw band22 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 HI,> absorption involving the N-H in-plane 
def~rmation 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 
more 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 analysis20b of the model 

- C - C = O  

I 
I 

M 
H N -  N H ~ ~  

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 '03'2 suggested that the anion of the nickel (11) salt is 
coordinated to the metal. In the case of similar complexes with Ni(I1) and Cu(I1) 
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 attributed23 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(I1) 
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 111. 

The solution spectra show three regions of absorption. In the first region (8000- 
14000 cm-') a weak band C (E - l l mol-' dm cm-') is seen at - 9800 cm-' which 
overshadows a weaker band at - 13000 cm-'. In the second region (14000-20000 
cm-') appears a broad band C2 of similarly weak intensity (E- 12 mol-' dm3 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 tkmperature a magnetic moment of - 
- 3.5 B.M. which definetely rules out the presence of square planar divalent 

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 8  system in an octahedral 
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TABLE 111 : Electronic transitions and interelectronic repulsion parameter B' values for halogen benzoylhydrazine complexes of g 
nickel (11). g 

3 
%i 

3~ 2 g ( ~ )  - 3~ 2 g ( ~ )  B' 3~ - 3 ~ 2 g ( ~ )  3~ - 3~ 2 g ( ~ )  3~ I ~ ( P )  - 3~ 2 g ( ~ )  E 
C o m p o u n d  Calc. C a k  . & 

C /pm-' cm -' C2/pm-' C2/pm-l ~ 3 4 m - l  S 
8 
5 

Ni(o-FBAH) 3C1 2 0.990 962 1.626 1.626 2.787 F m 

Ni(m-FBAH) 3C1 2 0.97 1 970 1.613 1 S97 2.768 ' 3 W 
Ni(p-FBAH) 2C1 2 0.97 1 980 1 h00 1.598 2.782 o W 

Ni(o-ClkAH) 3C1 2 0.971 980 1.600 . 1.598 2.782 X z 
n 

Ni(m-CLBAH) 3Cl 2 0.980 980 1 h00 1.617 2.795 n 

Ni(p-ClBAH) 3C1 2 0.971 980 1.600 1.598 2.782 
Ni(o-BrBAH) C1 2 0.962 960 1.587 1.583 2.734 

Ni(m-BrBAH) 3C1 2 0.97 1 970 1.626 1.597 2.768 
Ni(p-BrBAH) 3C1 2 0.980 980 1 h00 1.616 2.795 
Ni(o-IBAH) 3C1 2 0.97 1 950 1 S75 1.595 2.740 
Ni(m-IBAH) 3Cl 2 0.990 960 1 h26 1.626 2.787 

Ni(p-IBAH)3Cl 2 0.971 980 1.600 1 S98 2.782 
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field. Thus the lowest energy band, c I ,  is attributed to the spin allowed parity 
forbidden transition 3 ~ 2 g ( ~ )  - 3 ~ 2 g ( ~ )  which determines the quantity 10 Dq. 
Consequently the higher energy band c2 is assigned to the transition 3~ Ig(F) +- 

3~ 2g. On the basis of these assignements the position of the c 3 band, corresponding 
to the transition 3~ lg(P) - 3~ 2g, is estimated to lie at 28000 cm-'. The c3 band 
maximum was calculated from standard equations 2! 

The 3~ I g ( ~ )  - 3~ 2g 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 26a3b. It 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(0H2)?, i.e. B'  = 870 b) 
similarly the coordinated -NH group causes the same ligand-field spliting as does 
NH in N~(NH 3)62', i.e. B' = 1 0 8 0 ~ ~  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-Q-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-Q-&NHNH 2 group. However, it should 
be borne in mind that electronic effects do not always account 29 for the ligand-field 
spliting ability of the ligands. As was pointed out by Drago and coworkers 30, the 
Dq values for various amides with Ni(I1) 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 l6  

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 formedI4 at high pH values (pH > 10). 
Further support on the form of the Iigands comes from a study '" on the hydrolysis 
on halogen benzoylhydrazines. 

Magnetic Susceptibility 

The magnetic moments, peff, of the halogen benzoylhydrazine complexes of 
Ni(1I) 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 X M  with temperature for the 
Ni(XBAH) 3C12 complex 
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The diamagnetic susceptibility of the ligand X L  was measured at  297 K and the 
value obtained was in p o d  agreement with that derived from Pascal's constants 3! 

It was assumed that X L  remained unchanged over the temperature range examined. 
However, corrections for the susceptibility changes of the sample holder were 
applied. 

Plots of the inverse of Ni(I1) molar susceptibility I /X (X ki = X ~i - jl L) against 
temperature (Fig. l) gives curves similar to those in the literature32 for octahedral 
3 ~ 2 g  ground state arising from 3~ 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.I.P. 
contribution is more noticable as it is shown by the pronounced curvature. It appears - 

FIG. I : Plot of //X:, agaimt temperature for Ni(XBArn3C12 complexes. 

that in the case of these complexes there might be a substantial ..mixing-im with 
the higher-lying 3~ states which arise from the 3~ term as it is evidenced by the 
unusually high value of the magnetic moment p - 3.5 BM. Calculation of the T.I.P. 
gives a value ranging from Na = 0.12 m 3mol-' at 150 K to about 0.18 m 3mol-' at 
300 K. This variation may be due to the (uncorrected) value used for the suscepti- 
bility, XL, of the ligand. 
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Conclusions 

Nickel (11) 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 gronp 
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. 

~apCXoK&u&o8qK& pta ~ & t p &  V ~ W V  ~ U ~ E ~ ~ K L O V  Tov Ni(I1) p& 0~60-, p&ta-, -kat 
napa-povoahoyovop6v~~ (F-, Cl-, Br-, I-) o ~ o v  a p w p a ~ t ~ 6  Ga~tGhto P~v<oiihou- 
6paCivq (XBAH). An6 .ra G~6opkva twv cpaop&~wv IR ouvriys~at" ~ T L  ot P~vCoij- 
hoij6pa(ive< Gpouv oav 6 t 6 p a o n ~ 6  ligands ~ p q o t y o n o t h v ~ w  TO 05uy6vo (opri6a 
> C  = O )   at TO &<WTO T ~ S  0p&6q -NH2 y ~ a   qv ovvappoyq. H o ~ o t x ~ t o p ~ s p i a  
rwv ~vhoewv K ~ L  ot ~ 1 p &  T ~ G  a y w y t p 6 ~ q ~ a ~  ~EIXVOUV ~ T L  ~a o6pnho~a  ~ i v a t  
K ~ T I O V L K &   at 6 ~ t  6 x 0 ~  TO Y & G ~ 6  TGKO N~(XBAH)?. Cuv6vaopd~ tcrw npoqyou- 
~ ~ V U V  E V ~ E ~ ~ E W V  p& Ta 6~60pkva an6 TC1 ' T ~ ~ & K T P o v ~ K &  c p & ~ p ~ ( W  KUL Tq ~ C X ~ V ~ T L K ~ ~  

E ~ ~ ~ E K T ~ K ~ T ~ T C X  06qy0bv OTqV n a p a 6 o ~ ~ j  6 ~ t  11 ptKp~oupp&Tpia TwV oupnh6~wv 
~ i v a t  O K T ~ E ~ P L K T ~ .  

References 

1. a) W.O. Foye and R.N. Duvall, J. Am. Pharn?. Ass., Sci. Ed., 47, 285 (1958). 
b) K. Nagano, H. Kinoshita and A. Hirakawa, Chem. Pharm. Bull., 12, 1198 (1964). 

2. J.H. Biel, A. Horita and A.E. Drukker, Phycho Pharmacological Agents Vol. I . ,  Ed. M. 
Gordon, Academic Press, N.Y., 1964. 

3. J. Cymerman-Graig, D. Willis, S.D. Rubbo and J. Edgar, Nature, 176, 34, (1955). 
4. R.J. Baker, S.C. Nyburg and J.T. Szymanski, Znorg. Chem.,lO, 138, (1971). 
5. J.R. Dilworth, Coord. Chem. Rev., 21, 29, (1976). 
6 .  R.C. Paul and S.L. Chadha, Spectvoch. Acta, 23 A 1249, (1967). 
7. A.D. Ahmed and N.R. Chaudhuri J. Inorg. Nucl. Chem.. 33, 189, (1971). 
8. L. Sacconi, J. Am. Chem. Soc., 74, 4503, (1952). 
9. J.D. Miller and D.S. Morton, Inovg. Nucl. Chem. Letters, 11, 1 (1975). 

10. R.M. Issa, M.F. El-Shazly and M.F. Iskander, Z. Anovg. allg. Chem., 354, 90, (1967). 
11. Yu. Ya. Kharitonov and R.I. Machkhoshvill, Russ. J. Inorg. Chem., 16, 1438, (1971). 
12. M.F. Iskander, S.E. Zayan, M.A. Khalifa, and L. El-Sayed, J. Znorg. Nucl. Chem., 36, 

551, (1974). 



330 C. YOURI-TSOCHATZI, C.L. TSIAMIS, G.E. MANOUSSAKIS 

13. L. El-Sayed, M.F. Iskander, J. Inorg. Nucl. Chem., 33, 435, (1971). 
14. a) P.I. Shmanko and S.A. Butsko, Zhur. Fizich. Khim., 49, 512 (1975). 

b) P.I. Shmanko, N.V. Gerbeleu and S.S. Butsko, Zhur. Neorg. Khlm.. 20, 2408. (1975) 
15. A.A. Poepl' and V.A. Shchukin, Zhur. Anal. Khim., 29, 1008 (1974). 
16. P.V. Gogorishvili, Yu. Ya. Kharitonov, M.V. Karkarashvili and R.I. Machkhoshvili, 

Russ. J. Inorg. Chem., 14, 1525, (1969). 
17. a) G.E. Manoussakis, D.A. Haristos, C.E. Youri, Chim. Chron. 1, 182, (1972). 

b) G.X. Manoussakis, D.A. Haristos and C.E. Youri, Can. J. Chem., 51, 81 1, (1973). 
c) D.A. Haristos, PhD Thesis, Aristotelian Univ. of Thessaloniki, 1979. 

18. W.J. Geary, Coord. Chem. Rev., 7, 81, (1971). 
19. A. Vogel, Quantitative Inorganic Analysis, Longmans, London, 1964, p. 449, p. 460. 
20. a) Yu. Ya. Kharitonov, R.I. Machkhoshvili, Russ. J. Inorg. Chem., 16, 638, (1971). 

b) Yu. Ya. Kharitonov, R.I. Machkhoshvili, P.V. Gogarishvili and M.V. Karkarashvili, 
Russ. J. Inorg. Chem., 17, 1059, (1972). 

21. Yu. Ya. Kharitonov and R.I. Machkhoshvili, Zhur. Neorg. Khim., 16, 1203, (1971). 
22. L.J. Bellamy, The Infra-red Spectra of Complex Molecules, Vol. I, 3rd Ed., Chapman and 

Hall, London, 1975. 
23. S.D. Ross Inogranic Infrared and Raman Spectra, McGraw-Hill, London (1972). 
24. B.N. Figgis and J. Lewis, Puog. Inorg. Chem., 6, 37, (1964). 
25. R.S. Drago, Physical Methods in Inorganic Chemistry, Reinhold, N.Y., 1965, p. 410. 
26. a) C.J. Ballhausen, Introduction to Ligand Field Theory, MC Graw-Hill, 1962, p. 261. 

b) B.N. Figgis, Introduction to Ligand Fields, Interscience, N.Y., 1966, p. 236. 
27. ibid., p. 220. 
28. A-.B.P. Lever, Inorganic Electronic Spectroscopy, Elsevier, Amsterdam, 1968, p. 334. 
29. C.L. Kraihanzel and S.C. Grenda, Inorg. Chem., 4, 1037, (1965). 
30. R.S. Drago, D.W. Meek, M.P. Joesten and L.La Roche, Inorg. Chem., 2, 124, (1963). 
31. 3. Lewis and R. Wilkins, Ed., Modern Coordination Chemistry, Intercience Publ. New 

York, 1960. 
32. F.E. Mabbs and D.J. Machin, Magnetism and Transition Metal Complexes, Chapman and 

Hall, London, 1973. 



Short Papers 

Chimika Chronika, New Series, 1 1 ,  331-336 (1982) 

USE OF ATOMIC ABSORPTION SPECTROMETRY IN DETER- 
MINATION OF METAL IONS IN METAL ION-EXCHANGED ZEO- 
LITES 

N.P. EVMERIDES, J. DWYER 
University of Manclzester* Institute of Science and Technology. P. 0. Box 88. Sackville Street, 
Manchester, M60 I QD. 

(Received September 7, 198 1) 

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 
zinc2. Matrix interferences have also been r e p ~ r t e d ~ . ~ .  Furthermore, molecular 
absorption occurs when molecular species formed in the flame absorb some 
of the incident light5. Finally ionization interferences have been reported 't7z8. 

Metal ion exchanged zeolites consist of SiO 2, A120 and the exchanged metal 
ion or ions. 

In cases when the metal ion is Fe(II1) or Fe(I1) Ca(I1) or Mn(I1) 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(II1) 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(III), and Cu(I1) ion exchanged zeolites of type A and X were investigated. 
The Fe(II1) and Cu(I1) ions were exchanged for Na(1) in the X type zeolites, and 
for Na(1) and Ca(1I) in the A type zeolites. 

Atomic Absorption Spectroscopy was used to determine Na(1) and Fe(II1) or 
Na(1) and Cu(I1) in the X type exchanged zeolites. In the A type exchanged 
zeolites, Na(I), Ca(I1) and Fe(II1) or Na(I), Ca(I1) and Cu(I1) coexisted. The Fe(II1) 
or Cu(1I) were determined by AAS and by colorimetry, 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 appropriately with 
distilled water. 

A standard solution of sodium ions was prepared from sodium chloride and the 
standard solution of calcium ions was prepared as follows. A 24% solution of NaCl 
(5 cm 3 ,  was mixed with a 17.4% solution of La Cl, (5 cm') in nitric acid and the 
proper amount of Ca(I1) was added. The resulting solution was diluted to 
100 cm3 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 
concentrated sulphuric acid (Analar). 

Flame charactevistics 

An air/acetylene flame was used for the determination of Fe(IIl), Cu(I1) and 
Na(l), and an N,O/acetylene (5/2) with burner height (red feather) 6 mm was used 
for the determination of Ca(I1). 

Method 

A sample of zeolite (c.a. 0.5g) was dried in an oven for an hour at 550•‹C in a 
platinum crucible fitted with lid. The dry material was moistened with a few drops 
of distilled water. Then concentrated sulphuric acid (3 cm3) was added and 40% 
H F  (10 cm 3). The lid was placed on the crucible and the crucible was heated on a 
steam bath overnight to convert all the Si to S F 4 .  The lid was then removed and 
the crucible was heated until SO3 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 
~olor imet r ic '~  methods were used to determine Fe(II1) and Cu(I1) and flame 
photometry to determine Na(1). However, the flame photometric results were 
variable and not very suitable as a check on AAS. 

TABLE I : Comparison of Atomic Absorption and calorimetric methods for deter- 
mination of Fe(II1) and Cu(1I) in zeolites A and X. 

Results mg/g 
Zeolite Sample Atomic colorimetry 

Absorption 

CaFe5A (I) 5.75 f 0.09 5.64 f 0.07 

(2) 11.45 .. 10.90 ,> 
(3) 13.8 n 13.65 >> 

(4) 27.1 n 27.00 ,, 
(6) 19.4 )* 17.90 ,, 

NaCu 13x(1) 

(2) 

(3) 

(4) 

( 5 )  
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Table I shows compared results for Fe(II1) and Cu(1I) using atomic absorption 
spectrometry and colorimetric methods. In the colorirnetric analyses Fe(II1) was 
complexed with 4, 7-diphenyl -1, 10-phenanthroline and Cu(I1) with neocu'proine. 
Agreement between the two methods is excellent in the majority of cases. 

A measure of the agreement between the determinations of Fe(II1) and Na(1) or 
Ca(I1); Cu(I1) and Na(1) oc Ca(II), can be obtained by summing the concentrations 
expressed as a percentage exchange. The percentage exchange should sum to 100%. 

TABLE I1 : Ions exchanged (q) expressed as equivalent to unit cell. 

Fe(II1) or Cu(I1) , Na(I) Ca(I1) TOTAL 

(a) ( 4  ( 4  

Ca A 

CaFe5A (1) 

CaFe5A (2) 

CaFe5A (3) 

CaFe5A (4) 

CaFe5A (6) 

NaCu5A ( Ic) 

(Ic) 

( 2 ~ )  

( 3 ~ )  

( 4 ~ )  

( 3 4  

( 4 4  

( 5 4  

Na l3x 

NaFe 13x (1) 

(2) 

(3) 

(4) 

(J) 

NaCu 13x(1) 

(2) 

(3) 

(4) 

(5) 

(a) Determined by atomic absorption. 
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Data in Table I1 show that the summations vary between 90% and 110%. Aside 
from any errors in determination, particularly of Na(1) or Ca(I1) low results could 
arise by exchange of Na(1) or Ca(I1) by protons and high results by occlusion of 
Fe(II1) or Cu(1I) salts. 

When Na(1) or  Ca(I1) comprise the majority of the zeolitic cations the per- 
centage exchange in most cases sums to less than 100% 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 coIorimetric and Atomic Absorption measurements is shown in 
Fig. 1,foy Cu(1I) ion-exchanged zeolites. Similar plots for Fe(II1) ion-exchanged 

10 20 30 40 50 60 70 $0 90 100 

C"*' S Exchange ( A . A . S . )  

FIG.  I : Correlation between calorimetric and atomlc absorprlon methods for detern71natron 
of copper in Ca CuSA (0)  and in Na  Cu l ?Y (El) zeolites. 

zeolites gave a linear equation fit : 

y=I.Ox-0.1 
where y = %Fe(III) ion-exchange by colorimetry. 

X =%Fe(III) ion-exchange by AAS 

with correlation coefficient of 0.998. 

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

%Cu(II) exchange = - l .  l l X + 103.00 

%Fe(III) exchange 1 - 0 . 9 7 ~  + 99.41 

respectively where x=%Na(I) exchange. 
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Abstract 

A method for the determination of iron, copper, calcium and 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 calorimetric 
methods used for determination of Fe(II1) and Cu(I1) is excellent. The determination 
of sodium and calcium was found to be fairly good when taking the total ?mount 
of metal ion exchanged into the zeolites as a criterion. 
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