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STIMULATION OF E. COL1 POLY(A) POLYMERASES BY 
CHROMOSOMAL RNA 

D. ANTONIADES and 0 .  ANTONOGLOU 
Department of Biochemistry, Theagenion Medical Institute Thessaloniki, Greece. 
(Received November 25, 1975) 

Summary 

Rat liver chromatin was found to be a potential stimulator of E. Coli poly(A) 
polymerase. Further study revealed that chromosomal RNA was the active constituent of 
chromatin. This RNA has been proved a much better primer, compared to other RNAs for 
poly(A) polymerase activity. The possible role of this fact in the formation of m-RNA is 
discussed. 
Key words: Bacterial poly(A) polymerase, chromosomal RNA, primer specificity 

Introduction 

Poly(A) polymerase activity has been observed in bacteria by Gottesman eta1 
since 1962' and in animal tissues by Edmonds and Abrams since 1960.' The 
function of this activity in bacteria is still uncertain because it is generally believed 
that bacterial mRNA does not contain poly(A) sequences. The synthesized poly 
(A) possibly serves only as a storage for adenylates, a hypothesis which is supported 
by the existence of specific polyadenylases in ba~teria."~ In eukaryotes, however, 
following the discovery that their mRNA contains poly(A)  sequence^,^-^ the 
significance of poly(A) polymerases became evident. 

Poly(A) polymerases need a nucleic acid in order to synthesize poly(A) 
clusters. Studies with labelled end groups showed that there is a primer and not a 
template activity of nucleic acid and that the synthesis of poly(A) starts from the 3' 
end of the nucleic acid. The polyadenylation of RNA is generally considered to be a 
post transcriptional event. This fact, however, does not exclude the possibility that it 
takes place into or near the transcription machinery. In this study we present 
evidence that chromosomal RNA is a much better primer for poly(A) synthesis 
compared to other natural or synthetic polynucleotides. 

Material and Methods 

E. Coli bacteria of K,, strain, used throughout this work, were grown in 
minimal medium and collected at the end of logarithmic phase. The medium 
contained 1.0 gr NH4C1, 1.0 gr (NH4),S04, 41mg MgS04 . 7H20, 1.56mg 
Fe(N&),(SO,),, 1.68mg citric acid and 10gr of glucose per liter of 0.1 Mphosphate 
buffer pH 7.0. Male wistar rats 2-4 months old were used in the experiment. Rat 
liver chromatin was isolated according to Simpson e t  al.'' The mixture of non 
histone protein and chromosomal RNA was obtained from this chromatin by the 
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method of Patel.ll From this mixture, following incubation with pronase (3mg/ml), 
the chromosomal RNA was isolated by the SDS-phenol method, according to Getz 
et al.'* The so obtained crude preparation of chromosomal RNA was then dissolved 
in 0.01 M Tris HCl buffer pH 8.0, containing urea 8M and 0.2M NaCl and loaded 
on to a 2 X 1 Ocm DE 52 column pre-equilibrated with the same buffer. Two peaks of 
chromosomal RNA were obtained with the application of a 0.2-1.0 M NaCl 
gradient (50 m1 each) (fig. 1). The first peak showed a A280/A260 ratio of 0.6, while 
the second one of 0.7. Both peaks were moved to the same position (3-4s) after disc 
electrophoresis in 5% acrylamide and 0.1% agarose gels. We found that they do not 
contain poly(A) sequences, this being supported by the fact that they are not 
absorbed on poly(U) sepharose column. This is an evidence that they are not 
consistent of hnRNA fragments. 

Tube No. 
FIG. 1: Anion exchange chromatography of chromosomalRNA. A 0.2-1 .OM NaCl gradient (50+50ml) 
was applied on a l X lOcm DE 52 column. Fractions of 3ml were collected and absorbance measured at 
260nm. 

E. Coli t-RNA was obtained according to Ehrenstein13 using isopropanol for 
the final fractionation. Ribosomal RNA was obtained from E. Coli, essentially by 
the method of Takanami14 with the only exception that the use of Sephadex G-200 
step was omitted. The RNA of the two ribosomal subunits as well as the rat liver 
DNA were extracted by the SDS-phenol method.15 Single stranded DNA was 
obtained by heating at 100" for 10 min. Histones and acid chromosomal proteins 
were prepared according to Bonner et a1.I6Bovine pancreatic RNase was a product 
of PL Biochemicals, while pancreatic DNase was purchased from Mann Research 
Lab. Sephadex G-100 and G-150 were purchased from Pharmacia, Uppsala. 
DEAE cellulose (0.85meq/g) was a product of Sigma, while preswollen DE 52 of 
Whatman. All radioactive compounds were labelled with tritium and purchased 
from Amersham, England. 
Enzyme assay: the standard assay mixture (55yl) contained 2.5 ymoles Tris HCl 
buffer (pH 9.0), lpmole MgCl,, 40pmoles KC1, 0.lymoles ATP (unlabelled), 
0.25pCi ATP(3H) (27CVmMole) and 2.5pg enzyme protein in 0.50 M Tris buffer 
pH 9.0 5% (v/v) glycerol, O.lmM EDTA and 0.l-mM dithiothreitol. Samples were 
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incubated for 40 min. at 37•‹C and 50yl were loaded on paper discs, washed three 
times with cold 5% TCA containing 1% Sodium Pyrophoshate, twice with ethanol, 
once with a mixture of ethanol and ether and finally with ether. After drying in the 
air, the paper discs were counted in toluene in a Packard liquid scintillator. One unit 
of enzyme is defined as the amount of enzyme that incorporates lpMole of AMP in 
40 min. under the conditions described above. 

Results 

Poly(A) polymerase was purified from E. Coli with ammonium sulfate 
fractionation, anion exchange chromatography and gel1 filtration, according to the 
following procedure: 15gr of wet bacteria were diluted in 10ml 0.05M Tris HC1 
buffer pH 7.5, containing 0.01M MgCl,, 0.2M KCl. O.1mM DTT, O.lmM EDTA 
and 5% (v/v) glycerol. The bacteria were then disrupted with a Branson B-12 
sonifier (4 bursts, 15 seconds each) at setting 8. After centrifugation of the 
homogenate for 10 min at 14.000g, the precipitate was sonicated two more times 
for 15 seconds, followed by centrifugation for 10 min at 14.000g. The two 
supernatants were combined and centrifuged once more at 16.000g for 20 min. The 
new supernatant was centrifuged at 105.000g for 2 hrs and the supernatant was 
treated with DNase (10yg/ml) and fractionated with ammonium sulfate. The 
30-60% fraction was dissolved in 0.05M Tris buffer pH 9.0 containing O.lmM 
EDTA, O.lmM DTT and 5% glycerol, and dialyzed against the same buffer. The 
dialyzed solution was treated with pancreatic RNase (25pg/ml) at 37•‹C for 45 min 
and then was loaded on to a 1.5X30cm DEAE cellulose column previously 
equilibrated with the same buffer. After elution of the column with 2 volumes of 
buffer, a 0-0.3M (NH,),SO, gradient was applied (fig. 2A). Two peaks of 
plymerase activity were obtained from the column, one not retained by the ion 
exchanger and the second eluted with 0.2M (NH,),SO,. Both enzymic preparations 
showed no RNase activity. The fraction of the enzyme eluted with the gradient, was 
used for this study. This fraction was further purified by filtration through Sephadex 
G-100 and G-1 50 (fig. 2C). The enzyme preparation obtained after the Sephadex 
G-150 column, was purified 200 times. This method, including gel filtration, was 
prefered to the earlier ones reported,l.l7 because it separates effectively poly(A) 
polymerase from RNA plymerase. This enzymic preparation was indeed free of 
DNA dependent RNA polymerase and incubation with different concentrations of 
AMP, ADP, UTP, and GTP in the presence of the corresponding labelled 
nucleotides, gave no incorporation at all. On the other hand, alkaline hydrolysis of 
the product obtained in the presence of ATP, gave exclusively AMP. The optimal 
conditions for the action of the enzyme are: pH 9.0,0.4M KCl, 2mM ATP and 2mM 
MgC1,. When MnCl, was used the optimal concentration was 2.4 mM at pH 8.0. 

The poly(A) polymerase showed a characteristic lag period when incubated 
without the addition of exogenous RNA (fig. 3). The more purified the enzyme the 
more extensive this lag period was. The use of rat liver chromatin in the assay 
mixture restored the activity of the enzyme during this period, giving a time 
dependent linearity of poly(A) synthesis (fig. 3). Chromatin fractionation to its 
constituents revealed that chromosomal RNA was the active fraction which 
stimulated AMP incorporation (fig. 3). In fact, as it can be seen in fig. 4, DNA 
(double and single stranded), acid chromosomal proteins and histones were proved 
to be either simply not stimulatory or inhibitory. The hydrolysis of chromosomal 
RNA, on the other hand, in chromatin by ZII(NO,),,'~ or the purified chromosomal 
RNA by RNase resulted in the elimination of their stimulatory activity (fig. 3). 
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FIG. 2: Purification of E. Coli poly(A) polymerase. 
A: DEAE cellulose chromatography. The enzymic preparation from 30-60% ammonium sulfate 
fractionation was loaded on to a 1.5x30cm column. After elution of the column with 2 volumes of 
buffer, a 0-03M ammonium sulfate gradient (50+50ml) was applied and 5ml fractions were collected. 
B: Sephadex G-100 filtration of enzyme fraction obtained after DEAE cellulose chromatography. A 
1 .8~65cm column was used and 5rnl fractions were collected. 
C: Sephadex G-150 filtration of enzymicfractionobtainedfromSephadex G-100column. A 1.8x65 cm 
column was used and 5ml fractions were collected, 
The enzymic activity was measured as described in the materials and methods. -Azso, 0-0 
Enzymic activity. 

Several other RNAs like t-RNA, r-RNA and RNA "in vitro" synthesized by E. 
Coli RNA polymerase showed no considerable activity (fig. 4) or were inhibitory. 
The effect of increased concentrations of different nucleic acids on the enzyme 
activity are presented in fig. 5. 
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Minutes of incubation 

FIG. 3: Poly(A) synthesis in the presence of chromatin and its constituents. m-. No chromatin 
constituent. -0 Chromatin. A-A Chromosomal RNA. A-A Chromatin after hydrolysis of its 
RNA. W-. Histones. D O  Acid chromosomal proteins. 0-0 Native DNA. Final 
concentration of 0.4mg/ml in the case of chromosomal proteins and O.lmg/ml in the case of nucleic 
acids, were used. The standard conditions for the enzyme assay, as described in Materials andMethods, 
were used. 

Discussion 

The considerable AMP incorporation which was observed when the purified 
poly(A) polymerase was incubated for more or less long periods of time, is a strong 
indication that in spite of RNase pretreatment, the enzyme preparation contained 
RNA traces of some kind. The nature of this RNA is not known and no attempt was 

, made during this work to identify its origin. The dramatic stimulation of poly(A) 
synthesis, however, when exogenous chromosomal RNA was added to the reaction 
mixture, is an evidence that this RNA is a very good primer for the enzyme, in spite 
of their different origin, phylogerietically. The function of crRNA is not yet known. 
The fact, however, that it is highly heterogeneous concerning base composition and 
its absence from inactive nuclei, indicates a regulatory activity in chromatin and not 
a structural role. It is generally believed that crRNA plays a derepressor role 
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FIG. 4: Poly(A) synthesis in the presence of different nucleic acids. a---* No additional RNA. -0 
t-RNA. W-. Single stranded DNA. A-A "in vitro" synthesized RNA. A-A Ribosomal RNA. 
Final concentration of O.lmg/ml of nucleic acids were used. The enzyme was assayed as described in the 
Materials and Methods. 

Nucleic acid(bg/m~ ) 

FIG. 5: Effect of the concentration of different nucleic acids on the rate ofpoly(A) synthesis. @-a 
Chromosomal RNA. -0 t - RNA. .-W Double stranded DNA. A-A Single stranded 
DNA. U-U "in vitro" synthesized RNA. A-A Ribosomal RNA. The enzyme was assayed as 
described in Materials and Methods. 
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recognizing specific sites in the genome and hybridizing to the middle repetitive 
sequences of the homologous genome DNA, this way destabilizing the template. 
Concerning its genesis, crRNA could be produced by sensor genes and in this case it 
is originated by the processing of the primary transcripts (HnRNA). Alternatively a 
small quantity of crRNA could be produced by integrator genes and then by 
derepression producing more crRNA. 

In bacteria there are not known any polynucleotide species corresponding to 
crRNA which is considered a unique constituent of eukaryotic cell. The fact, 
however, that this RNA is a good primer for prokaryotic poly(A) polymerase in 
combination with the fact that this enzyme is highly specific towards different 
primers (compare the poor primer activity of rRNA, tRNA and various 
ribohomopolyrners) suggests that there is probably some kind of RNA in E. Coli, 
similar to crRNA. 

In any case, concerning eukaryotes, the localization of crRNA in chromatin, 
makes attractive the idea that it is the primer used by poly(A) polymerase for 
poly(A) synthesis. Following this hypothesis one could expect a regulatory role in 
the adenylation of crRNA. Possibly this adenylation is a first step for the 
derepression activity of this RNA. 

A second assumption is, however, more probable. According to this, 
chromosomal RNA, homologous to one DNA strand, is hybridized to RNA 
synthesized on the other DNA strand, near the 5' end of the latter. After that the 3' 
end of crRNA is used for the synthesis of poly(A) the whole molecule representing 
the hnRNA. This assumption is consistent with the observation of Monckton et all8 
that there is double stranded RNA near the poly(A) cluster of hnRNA and that its 
size is 4-5s. This assumption could also explain the fact that histone mRNA does 
not contain poly(A) sequences if we adopt the hypothesis that histone genes are 
closely linked on chromosomal RNA.19 Indeed in this case the RNA synthesized on 
the strand of DNA containing the histone genes can not be hybridized to an 
heterologous RNA as is the case of crRNA linked to these genes. The answer to 
these questions, of course, may come only from the study of the mode of action of 
nuclear poly(A) polymerase, and this is the direction which will be followed in this 
laboratory. 

Xppaxivq nod b n o p o v w ~ x e  bnb finaxa En~Fr?jwv, f q k I 9 - q ~ ~  6x1 hnoxehei 
iiva t o p @  Eve~yoxo~qxfi t f jg  niihu(A) nohupeehoq~ &nb Escherichia Coli. 
I I e ~ a ~ x i e w  pshitq bniGe~@ 6x1 t b  ~gwpoowpa~~aXi) RNA E ? Y ~ L  ab Eveeyb 
avoxax~xb a f j ~  xewpaaivqg. XIJYXQLZLX~~ pehixq bniGe~@ 6x1 xb RNA adtb E ~ V ~ L  

nohd xahljteeo "primer" &nb G L ~ C ~ O Q C I  RNAs nod &nopovhOqxav &nb Ghhe~ 
nqyig. '0 n ~ 6 a v b ~  ~ 6 h o g  toG yeyov6xog ad-coij oabv oxqpat~opb xoG 
&yye?~iocp6~ov RNA o u < q a ~ i t a ~  oxb tihog. 
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PHOTOCHROMISM OF 2-NITROBENZYLIDENE-HYDRAZIDES 

N. E. ALEXANDROU and J. STEPHANIDOU-STEPHANATOU 
Laboratory of Organic Chemistry, University of Thessaloniki, Thessaloniki, Greece. 
(Received June 7,  1976) 

Summary 

The photochromism of several 2-nitrobenzylidene-hydrazides is studied. The 
rnedhanism and the structure of the photoproducts is discussed on the basis of their spectral 
data. 

Indroduction 

It has been observed previously122 that ultraviolet irradiation of 
2-nitrobenzylidene-isonicotinic hydrazide 1, in the solid state, gives a red product, 
for which structure 2 was assigned. Although for this product structure 3 can be 
proposed as an alternative, it was excluded3 on the basis of the different 
chromatographic behaviour of the normal products and those labeled with I4C in 
a-position. 

~ ~ = " " " C O "  

"/N --COPY 
0" 'OH oe'oH 

However, we think this evidence is not conclusive and this photochromic 
reaction is actually much more complicated. The purpose of this paper is to provide 
more evidence for the structure of the photoproduct(s) and to examine the 
mechanism of this photochromic reaction. For this reason we have prepared4,' and 
studied the photochromic behaviour of several 2-nitro-benzylidene-hydrazides, 
which are given in Table I. 

Results and discussion 

All the hydrazides studied are photochromic like compound 1. The 
irradiation was carried out in methanolic solution 0.02M using an immersion 
medium pressure uv lamp. The photoproducts are red to red brown, but in the 



N. ALEXANDROU - J. STEPHANIDOU / STEPHANATOU 

pl p 
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TABLE I:  Photochromic 2-nitrobenzylidene-hydrazides N02 

Substituents 

R1 R2 X .  

a4-pyridyl 

b ~ n  methanolic solution 

s Shoulder 

visible region of the spectrum there are only tails which, however, are found at 
higher level in respect to those of the starting materials (see Fig. 1). Analogous 
behaviour is shown by several other photochromic  compound^.^ The reactions are 
reversible and the colored products cannot be isolated, since they revert to the 
starting materials by heating for a short time or by leaving in the dark. 

The uv spectra of the hydrazides studied show an absorption maximum at the 
region of 280 nm. The photoproducts of the hydrazides derived from 
2-nitrobenzaldehyde show a new maximum or a shoulder at * 230 nm, whereas 
those derived from 2-nitro-acetophenone continue to show a maximum or a 
shoulder in the same region, as the starting materials (Fig. 1). Assuming that the 
photoproducts have a structure like 2 a hypsochromic shift should be expected in 
the ultraviolet region because of interuption of the conjugation. On the other hand 
in structure 3 there is no significant change in the conjugation of the system, 
therefore in the case of photoproduct 10, where structure 3 seems most probable, 
there is a great similarity between the uv spectra of the photoproduct and its parent 
hydrazide (Fig. 1). 

The substituents as well as the pH and the presence of oxygen do not influence 
remarkably the photo-reaction rate. However in the hydrazides of 2- 
nitroacetophenone the reaction rate is almost decreased by ten and in the 
N-substituted hydrazides the reaction rate is almost increased by ten in respect to 
that of 2-nitrobenzaldehyde. 

The nmr spectrum of 4 in C D a 3  showed a singlet at 1.1% attributed to the 
=CH proton and two multiplets centered at 2~ and 2 . 4 ~  attributed to the aromatic 
protons. During the irradiation the intensity of the =CH peak was progressively 
reduced, with the appearance of a broad peak at 4.34 T. The last peak disappeared 
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FIG.  1: W - V i s  spectra of compounds 4,10 (---) and their photoproducts (-.-.), in methanolic 
solution (c = 5.10.~ moleA). 

after addition of a small amount of D,O. Furthermore the ir spectrum of the 
photoproduct showed a peak at 3500cm-l, which is absent in the starting material 
and which is attributed to the N-OH group. It should be mentioned that similar 
hydrogen transfer has been observed in the photochromism of some o-nitrobenzyl 
 derivative^.^,^ Analogous is the behaviour of hydrazides 1 ,5 ,6  and 8 and especially 
of the N-substituted hydrazides 7 and 9, where the only possible structure for the 
photoproduct is structure 2. All these data are evidence in favour of structure 2 and 
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support the previous aspects.' On the other hand, it is of interest to note that 
hydrazides 10,11 derived from 2-nitroacetophenone are also photochromic and 
this is evidence in favour of structure 3. Both structures 2 and 3 are also found in 
agreement with the fact that nitronic derivatives of this type are unstable9 and this is 
consistent with the mechanism of the photochromic process, which requires the 
photoproduction of an isomer thermodynamically unstable in its ground state1' and 
explains the easy and fast transformation of them to the starting hydrazides. 

It should be noticed that structure 12 or other structures similar to that, could 
be also proposed as alternatives, on the basis of the photochemical transformation 
of o-nitro-ben~aldeh~del~~~~ However, in this case the spectral data should be quite 
different'' (NO absorption at - 670 nm) and mainly the reaction could not be 
reversible. On the other hand many "quinoide" structures like 13, which could be 
formed by a [1,7] hydrogen sigmatropic shift are excluded, mainly because the nmr 
spectra of the photoproducts should be quite different, from those of the parent 
hydrazides, a fact which is not observed. Furthermore, the product 13 should be 
expected to eliminate easily nitrogen.13 

Of great importance are the mass spectra of 2-nitrobenzylidene-hydrazides. 
In a previous study14 on the mass spectra of substituted aroylhydrazones it was 
found that only the 2-nitro derivative 4 gives a peak [M-17]+ fact which suggests, in 
agreement with our observation, that an oxygen from the nitro-group should be 
eliminated with a =CH hydrogen as OH, through a four center transition state. 

A typical example of fragmentation pattern of 2-nitrobenzylidene- 
hydrazides is given below for the compound 1. 

CH= NNHCO aN0 ' -OH > m/e 253 -- m,e 223 

N + 
M' m/e 270 

m/e 240 

I m/e 224 

, O N H , ~  i- c o l  t 
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The same fragment [M-17]+ has been also observed in compounds 5,6, and 9 
(Table 2). This transition, in the case of the N-substituted compound 9, is 
accombanied by a metastable peak at m/e 250. It is of interest to note that in the 
a-methyl substituted compounds 10 and 11 elimination of OH is observed only 
after the cleavage of the C-CH, bond, while the [M-171' ion is not observed. In 
compound 8 (52% deuterated) a correlation of the peaks at m/e 270, with those at 
253,252, corresponding to elimination of OH, OD, shows that the main cleavage is 
that of the OH group, whereas the OD elimination is rare. These data are in 
agreement with the suggestion for the formation of a four membered ring (2). 

In conclusion, the present data show that the photoproducts of 
2-nitrobenzylidene-hydrazides 7 and 9 must probably have a structure analogous to 
2, while the photoproducts of hydrazides 10 and 11 a structure analogous to 3. For 
the photoproducts of hydrazides 1,4,5,6, and 8 an equilibrium mixture of 2 and 3 is 
also- possible. 

Concerning the mechanism of the formation of the photoproduct 2 it can be 
described as a [n2s + o2s1 or [n2a -t o2a1 cycloaddition 14 which is photochemically 
allowed. In the case of the photoproduct 3 the conformation of the starting 
hydrazide must be like 15, which favors the [n2s + o2s1 cycloaddition between the 
nitro- and the N-H group. 

Experimental 

M.p'.s. are corrected and were determined with a Kofler hot-stage apparatus. 
Ir spectra were measured for Nujol mulls with a Beckman IR-4 spectrometer and uv 
spectra for solutions in methanol with a Perkin-Elmer 137 UV or a Beckman DU 
instrument. Nrnr spectra were obtained with a Varian A-60A spectrometer with 
tetramethylsilane as internal standard. The mass spectra were obtained with a 
Hitachi Perkin-Elmer RMU-6L mass spectrometer; the ionization energy was 
maintained at 70 eV. 
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TABLE 11: Mass spectral data of 2-nitrobenzylidene-hydrazides. Mass numbers and rela tive in tensities 
(values in parenthesis). 

Compound Mass numbers (m/e) and relative intensities 

Preparation of 2-nitrobenzylidene-hydrazides. 
All 2-nitrobenzylidene-hydrazides were prepared according to well known 

 procedure^.^,^ Their m.p.'s and uv maxima are given in Table I. 

Preparation of N-acetyl-2-nitrobenzylidene-benzoic acid hydrazide (7). 
A mixture of 2-nitrobenzylidene-benzoic acid hydrazide (2 g) acetylchloride 

(2 ml) and a few drops of pyridine was stirred overnight at room temperature. By 
pouring the reaction mixture into crushed ice the product (100 mg, 4%) was 
separated m.p. 122-123", from methanol; -G (CDCI,) 2.10 (CH, singlet), 1.84-2.55 
(aromatic protons, multiplet), 7.56 (CH,, singlet); v (Nujol) 1655 (CO) and 1530 
and 1340 cm" (NO,). 

Preparation of N-de U tera fed-2-ni trobenzylidene- benzoic acid hydrazide (8). 
A chloroform solution of 2-nitrobenzylidene-benzoic acid hydrazide was 

shaken with deuterium oxide (1 ml) for 12 hrs. The deuteration was 52% as shown 
by mass spectra. 



Preparation of 2-nitroacetophenone-isonicotinic hydrazide (l 1). 
To a solution of 2-nitroacetophenone (4 g) in ethanol (40 ml) a solution of 

isonicotinic acid hydrazide (3.3 g) in water (48 ml) was added. The mixture was 
refluxed (35 hrs) and after removal of the ethanol and filtration a white solid was 
left behind (37%), m.p. 163-165", from methanol; -c (CDCI,) 0.27 (NH, singlet), 
1.14-2.55 (aromatic protons, multiplet), and 7.67 (CH,, singlet); v (Nujol) 3 180 
(NH), 1650 (CO), and 1520 and 1350 cm-' (NO,). 

Analogous was the preparation of 2-nitroacetophenone-benzoic acid 
hydrazide (10). Yield 33%, m.p. 140-142", T (CDCI,) 0.97 (NH, singlet), 1.40-2,63 
(aromatic protons, multiplet), and 7.72 (CH,, singlet); v (Nujol) 3200 ( M ) ,  1650 
(CO), and 1520 and 1350 cm-' (NO,). 

Irradiation of hydrazides. 
A solution 0.02 M in methanol of the corresponding hydrazides was 

irradiated at room temperature with an immersion medium pressure uv lamp. The 
rate of photochromic transformation was examined with a uv spectrophotometer 
and an nmr spectrometer. Samples were examined every 30 mins until the uv 
spectrum remained unchanged. The photoproducts could not be isolated since they 
are very unstable giving the starting materials. 
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@ozox~mp~op&- ~ - ~ ~ z ~ o ~ ~ ~ f u ~ i 6 ~ ~ o - ~ 6 ~ a f ~ 6 i o ~  
&qv Eeyaoia ah4 yiveza~ yB T ~ V  Pofitk~a cpaoykzwv uv, nmr, xai paCI5v 

yehhq TOC cpw~ox~oy~oyoC he~op6vwv bG@a<~Giov rijg 2-v~t~o-Pev~Crh6eu6qg 
xai zijg 2-v~a~oaxetocpa~v6vr~, o2 pe6avoh~xh G~ah6yma. 

"Ohsg oi h h o s y  no6 pahezfii3qxav EGooav p4 &noyovho~pa c p o ~ o ~ ~ m y ~ x h  
neo'i6v~a. 'H cpwzo~~wp~xfi pe~aflohfi 6cp~iheTa~ pCihhov oz4v pe~acpogh TOC 
66~oy6vov ~ i j g  =CH fi ~ i jg  -NH 6p660g oz4v vi~eo-ophba TOC dewpaz~xoC 
Gaxzvhiov y8 dnoziheoya ~ b v  oxqyaz~oyb -c~zeayshoCg (2) fi E~aye?~oC~ (3) 
Gaxzvhiov ZxY-c~o~oi~wg. '0 yqxav~oybs oztv nsein~woq oxqya~~opoC 
-cez@ayehoCg Gax~vhiov ~ E Q L ~ Q ~ ~ ~ E T C I L  ohv [ Z ~ S  + U ~ S ]  fi [n2a + o2a] cpw-coxqp~xh 
& T L ~ Q E ~ Z ~ ~  3~vxhoneoo~xq, &v6 o)v neein-coo~ o ~ q y a ~ ~ o y o C  &xpehoCg 
Gamvhiov o h  [n2s + o2s] cpo~oxqy~xh Enioqg E ~ L Z Q E ~ T ~  x v x l ~ o n ~ o o ~ x q .  
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L26;, 
Ohs5 o i  hhxo6heg E ~ X L  eI36eias h v 6 ~ u x t x f j ~  &hvoiSu~ pb &etto het6pb ht6pwv 

& v 6 e a x o ~  ltui ns~ t6xovv  &nb CZ2 p&et C,,. 2 2  peyuh6aeeq hvuhoyiu fieioxeaut 4 
hhxo6kq pi: Cz8, oi &hxo6heg 62 p8 xui  s h u t  hx6escrasg pb zvu Stnhb Ssop6. 

Z u v y  joeq 
UV-Vis = ultraviolet - visible, NMR = nuclear magnetic resonance, IR = infrared, GLC/MS = gas 
liquid chromatography / mass spectroscopy, m/e = ~6rta / cpoeaio iov~~xo0 6ea6opa~oq, M' = 
po~taxb  i6v, BSA = N,O-6ig (z~~pathhoothuho) -ctxmctpi6to, TMS = a~~psthho-o~h6ht0, R, = 
retention time, vs = very strong 

I. 'Eozkpg 
Th cpaoya.cooxon~xh x a e a x - c q ~ ~ o z ~ x h  ~ 6 v  1 ~ q ~ o G h v  o v m a ~ ~ x 6 v  nod dnoyo- 

vh8-qxav n~e~yQdLcpov.cal naQaxd.cw. 
UV-Vis: A b  Eycpavice~ h,,,, yeyovb~ nod 6 n 0 6 q h G v ~ ~  m)v &nowoia owtuyia~.  
IR: 'Eycpavi&~ &v.cov~g & n o ~ e o c p f p ~ <  3000 (= CH-), 1735 (vs, -COOR), 
1650 (>C = C<) xa i  720 cm-' [-(CH2),-]. 

a f i e e P 6  Y P a  
NMR: H3C-(CH2)x-CH=CH-(CH2)y -CH2-0-C-CH2-(CH2),-CH3 

I I 
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AIAITAMMA 2: GLCZW.9 dv6Lvq to6 piypa~oq t6v  , L ~ ~ ~ L E O T & W Y  02 unjLrj 3% SE 30 
(Chromosorb G-A W-DMCS), p?jxovs 0,37 m xai G~ap6teov 2 mm. I I ~ o y ~ a p p a ~ ~ o p i v q  t k ~ p o x ~ a -  
o h  ox4hy5 120-34O0C, pb -caxir.cq.ca lO0/min. Qieov & ~ Q L O  He, xaeoxq 30 ml/min. 'AVLX~SUT~~S MS 
(Varian CH7). O~epoxeao ia  xheov Cyxiroeo~ 350•‹C. Taxirzy~a x a p o O  0,2 inchhin. 

Koevcpb5 
~ e o l n ~ w ~ a c p y p a ~ o ~  MS Tirjc05 % 

~ L C ~ Y Q & ~ ~ U T O ~  2 m/e * 

1 M+ 270, 241, 239, 227, 
59$ 74, 87, 101, ... 199, 213 x h .  CH3(CH2)14COOH 0,7 

2 M 294 6&v G ~ ~ v x e ~ v i o q x ~  8x6pq 1,o 

3 M+ 326, 297, 295, 283, 
CH3 (CH2)18COOH 0,8 

59, 74, 87, 101, ..., 227 xhn. 
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AIATPAMMA 5 GLC/MS 6v&Avq to17 yiyyatog t&v z~~y~hAoo~AvAu~0L~mv 0.2 4 A y  3% SE30 
(Chromosorb G-AW-DMCS), pClrjov5 0,37 m xui G~ap&eov 2 mm. IIeoy~apya~~oydvq 6sepox~a-  
oia onjhqs 150-35O0C, pQ mx6~qaa 1O0/min. Q t ~ o v  68~10 He, naeoxfi 20 ml/min. 'Avt~v~uf l s  MS 
(Varian CH7). O~eyoxeaoia ~ G e o u  Eyx6osos 350•‹C. T a x 6 q ~ a  xaeztofi 0,l inchlmin. 



1 M" 398, 73, 75, 89, 103, 383 x h .  n-&H4,0H 3,0 

2 M' 426, 73, 75, 89, 103, 411 nhn. I I - C ~ ~ ~ ~ O H  10,5 

3 M' 452, 73, 75, 89, 103 nhn. n-C26H510H 11,l 
M' 454, 73, 75, 89, 103 n h .  n-&6H530H 

4 M' 480, 73, 75, 89, 103, 390, 395 nhn. n-G8H550H 56,7 

5 M+ 508, 73, 75, 89, 103, 418, 423 n h .  n-C30H590H 11,6 

AIATPAMMA 4: GLC &vdAvq zoi7 piypatog z6v /3~mpswpkuv xai prj owluAartWewv, z6v 
MxooA6v zoi7 xqeoi7, 0.2 &Aq 2% SE 30, prjxoug 0,3 m xai GsapLz~ov 3 mm. IIeoyeappattopBvq 
6 ~ ~ p o x ~ a o i a  om!$iqs 100-34O0C, p8 t ax i rq~a  8"/min. C+ov 86po He, naeoxfi 25 mllmin. 
' A Y L X ~ E V T ~ ~ S  iov~opoO (phoyi)~ (F'ID). O~epon~aoia  & V L X V E V ~ ~  350•‹C. O~epoxeaoia xcbeou Eyxdoeo~ 
350•‹C. H2/&6ea5 40/240 ml/min. Tqirtqta xaeztoO 0,25 inch/min. 
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M-(CH30H + HOH) 
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Abstract 

Structure of the wax substances of  the plant Alkanna tinctoria Tausch. 
In the present work is described the isolation and identification of the wax 

substances of the plant Alkanna tinctoria Tausch. 
From the investigation arises that the mixture of wax substances of this plant 

constisted of eleven esters which have from thirty eight to fifty eight carbon atoms. 
From the above esters in a major proportion are found in the folowing order the 
ones having C5,,C,,,C5, and C,,. These esters are constructed from eight acids and 
six alcohols. 

From the acids the six were identified and all of them were found to be 
saturated monocarbonic of unbranched chain and even number of carbon atoms 
having C,,-C,,. In a major proportion were found the ones having G, and G,. 

All the alcohols were found having unbranched chain with a double bond while 
in a major proportion are found the ones having G,. 
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SEMIAUTOMATIC CATALYTIC TITRATION OF AMINOPOLYCAR- 
BOXYLIC ACIDS AND METAL IONS 

E.A. PIPERAKI* and T.P. HADJIIOANNOU 
University of Athens, Laboratory of Analytical Chemistry, Athens, Greece 
(Received August 17, 1976) 

Summary 

A semiautomatic spectrophotometric method is described for the catalytic titrimetric 
determination of aminopolycarboxylic acids, based on their inhibitory effect on the 
manganese (11)-catalyzed periodate - diethylaniline reaction. Microamounts of EDTA and 
DCTA in the 1-7500 pg range (1,2 X 10.~ - 8 X ~ o - ~ M )  were determined with accuracy and 
precision of 1-2%. The method has also been used for the indirect catalytic titrimetric 
determination of several metal ions ( ~ a ~ + ,  pd2+, cu2+, cd2+, pb2+, zn2+, Hg (11), CO'+, 
~ i ' + ) ,  of the solubilities of a large number of their insoluble salts, and for the analysis of 
certain of their mixtures. 

Key words: Catalytic, Titration, Aminopolycarboxylic acids. 

Introduction 

In recent years many kinetic methods of analysis based on catalytic rates 
modified by inhibition or activation have been Inhibition in systems 
involving catalysts other than enzymes is mainly achieved by precipitation or 
complexation, particularly by chelating agents that complex metal ion  catalyst^.'^ 
Catalytic rates modified by inhibition are used in catalytic titrations. The term 
"catalytic or catalymetric titration" was coined by Yatsimirskii and Fedorova,' who 
first pointed out the possibility of using catalytic reactions for endpoint indication. 
Catalytic titrations are ideally fitted for the determination of inhibitors. 

In the present paper a semiautomatic method is presented for the catalytic 
titrimetric determination of aminopolycarboxylic acids, e.g., of ethylenediaminete- 
traacetic acid (EDTA) and 1,2-diaminocyclohexanetetraacetic acid (DCTA), 
based on their inhibitory effect on the periodate - diethylaniline reaction. The 
determination of microamounts of anions of aminopolycarboxylic acids has become 

V important recently in connection with their use in biology, medicine, food chemistry 
etc. The catalytic titrimetric determination of EDTA and DCTA involves two 
consecutive reactions: a) the titration reaction, in which the manganese(I1) titrant 
(catalyst) is added to the sample at a constant rate and reacts rapidly and 
stoichiometrically with EDTA or DCTA, and b) the indicator reaction, that is the 
periodate-diethylaniline reaction, which involves the monitored species and can 
only occur at a noticeable rate once an excess of manganese@) is present in the 
system. Since the excess of titrant at the endpoint does not react stoichiometrically 

*Part of a doctoral thesis, University of Athens, 1976. 
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but catalytically, a small excess of titrant results in large changes in the rate of the 
indicator reaction and therefore in sharp absorbance changes which can easily be 
detected spectrophotometrically, by monitoring the absorbance at 470 nm where 
the yellow reaction product absorbs.16 Actually, the output voltage of a 
photoconductive circuit is monitored. The absolute value of the variable chosen to 
monitor the indicator reaction does not need to be known accurately because only 
the measurement of the relative change of this parameter (absorbance, voltage) 
with time (volume of titrant) is required. Since the manganese(I1) is added at a 
constant rate and the change of potential with time is recorded, the resulting 
titration curve shows a pseudo-induction period0 whose length is proportional to 
the amount of inhibitor (EDTA or DCTA) present. The endpoint is read from the 
plot after the titration is completed. 

The semiautomatic method is very senstitive, simple, rapid, and accurate. 
Microamounts of EDTA and DCTA in the range 1-7500 yg (1.2 X 10-7 - 8 X 10-4M) 
were determined with relative errors and relative standard deviation of 1-2%. 

The method has also been used for the indirect catalytic titrimetric 
determination of several metal ions (Ga3+, Pd2', Cu2+, CdZf, Pb2+, Zn2+, Hg(II), 
Co2', Ni2+). In this case, a known amount of standard EDTA or DCTA solution is 
added to the metal ion solution and the unconsumed excess of the inhibitor is 
back-titrated with a standard manganese(I1) solution. In addition, the method has 
been used for the determination of the solubilities of a large number of insoluble 
salts of the aforementioned metal ions, and for the analysis of certain of their 
mixtures. 

Experimental 

Apparatus 
The titration system described previously16 was used, except that a 470-nm 

second -order interference filter was inserted into the auxiliary holder of the 
Spectro unit and a Heath recorded (Model EU 301VE) was used. 

Reagents 
All reagents were prepared with deionized double - distilled water and 

reagent - grade materials. 
Phosphate buffer, pH 6,O: 10 m1 0.5M H3P04 and 10 d 0 . 5 M  NaH2P04 are 

diluted to 100 m1 and neutralized with 2M NaOH to a pH of 6.0 
Phosphate (0.05M) - citrate (0.03M) buffer, pH 7.0: 10 m1 0.5M &PO4, 10 

m1 0.3M citric acid and about 50 m1 water are mixed, neutralized with 2M NaOH to 
a pH of 7.0 and diluted to 100 ml. 

Potassium periodate, saturated aqueous solution. 
Diethylaniline hydrochloride (DEA), 0.100 M stock solution. 1.49 g of 

diethylaniline are dissolved in 10 m1 of 1 M HCl and diluted to 100 d. 
, EDTA, 0.01000 M, stock solution. Standardized against standard zinc 

solution,17 which is prepared by dissolving reagent grade zinc (>99,9% Zn) in 
hydrochloric acid, Eridchrome Black T being used as indicator; stored in 
polyethylene bottles. 

DCTA, 0.01000 M stock solution. Prepared with recrystallized from hot 
water reagent, neutralized with NaOH and standardized against standard zinc 
solution17. 
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Manganese, 0.0600 M stock solution. Prepared from MnSO, H,O and 
standardized against standard EDTA solution.17 Working composite standards for 
the working curves containing 2 X 10" moles DEAA are prepared by mixing with 
the stock DEA solution and dilution. 

Metal ion stock solutions ((3, Pb, Hg(II), CO, Ni, Cd, Zn, Pd, Ga), 0.01000 
M. Standardized against standard EDTA solution. 

Calcein indicator solution, 0.1% in 0.001 M NaOH. 
Dilute standard EDTA, DCTA and metal ion solutions were prepared from 

the stock solutions daily. The very dilute solutions (<10-5M) were prepared just 
before the measurements. 

Procedure. 
Preparation of equipment. Fill the burette with the appropriate composite 

standard manganese(I1) solution, depending on the EDTA or DCTA 
concentration of the sample. Switch the regulated power supply "ON" and the 
"Spectro-Electro" titrator to the "Spectro" position, throw the polarity switch to 
position 1 and insert a Bosch and Lomb 470-nm second-order interference filter in 
the auxiliary holder. Set the pegs in the base to position the 50-m1 beakers and 
connect 9 stirrer (S-76669-A), a right - angled delivery tip (S-29704) and the 
burette. Turn the lower pH index switch to 250 mV. 

Semiautomatic titration of EDTA or DCTA. Pipet into a 50-m1 beaker a 
25.00 m1 aliquot of the sample, 2,00 m1 of phosphate - citrate buffer pH 7.0 or 

\ phosphate buffer pH 6.0 respectively and 1.00 m1 of saturated potassiumperiodate 
solution. Lock the burette "ON", start the stirrer and turn the function switch to 
"Record" to obtain the titration curve. For the best accuracy, calibrate the recorder 
for each titration, using the burette reading. 

Semiautomatic titration of metal ions. Pipet into a 50-m1 beaker a 10.00-m1 
aliquot of the sample, add an excess of standard EDTA (or DCTA) solution, dilute 
to 25 m1 and continue as in the titration of EDTA from the point of buffer addition. 
To estimate the amount of standard EDTA or DCTA solution to be added, add to 
the metal ion solution a drop of calcein indicator and then slowly the standard 
EDTA (or DCTA) solution until the appearance of the green fluorescence of the 
free indicator1' and 2.0 m1 in excess. In the case of cobalt murexide is substitutedfor 
calcein and the color change is from yellow to red-violet. The excess of back - 
titrated EDTA (or DCTA) is calculated from working curves obtained by titrating 
standard EDTA (or DCTA) solutions with the same manganese titrant. This 
procedure is also used for the determination of the solubility of an insoluble salt by 
titrating a 10.00 m1 aliquot of its saturated solution. 

Determination of metal ions in mixture. Pipet into a 50-m1 beaker a 10.00-m1 
aliquot of the sample, containing mercury(I1) and another ion M"+ at a molar ratio 
of 0.1 : 1 till 5: 1, add an excess X of standard EDTA (or DCTA) solution, dilute to 
25 m1 and continue as in the titration of EDTA from the point of buffer addition. 
Subsequently, pipet into a 50-m1 beaker another 10.00-m1 aliquot of the sample, 
add 3.00ml of 0.0010 M KCN solution and the same excess X of EDTA (or 
DCTA), dilute to 25 m1 and continue as in the titration of EDTA from the point of 
buffer addition. In both titrations, calculate the excess X, and X, of EDTA (or 
DCTA) from working curves and from the values of X, X,, and X, calculate the 
concentrations of mercury(I1) and W+ in the sample. 
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Results and Discussion 

Ions which react with manganese to form precipitates or strong complexes, 
and strong oxidants which could oxidize manganese(I1) should be absent. 

A phosphate - citrate buffer of pH 7.0 and a phosphate buffer of pH6.0 were 
chosen for the titration of EDTA and DCTA respectively, because with these 
buffers the blanks were smaller and the results were more accurate. 

The indicator reaction can be followed spectrophotometrically by monitoring 
the increase in absorbance at 470 nm. During the titration reaction the 
manganese(I1) reacts with.the inhibitor (EDTA or DCTA) and the signal remains 
practically constant (it may change slowly because of the uncatalyzed reaction) until 
the equivalence point is reached, at which point a small excess of titrant results in 
large changes in the rate of the indicator reaction and therefore in sharp changes of 
the signal level which can be easily detected. Recorded curves for the titration of 
EDTA and DCTA with manganese(I1) are shown in Figs. 1 and 2. The endpoint 
was obtained by extrapolating the linear segments of the titration curve. 

There is always a blank which is a function of titrant concentration and 
experimental conditions, such as rate of addition of titrant, stirring, volume of 
titrated solution, etc. However, all these factors can be kept constant, so that 
reproducible working curves were obtained. To miliimize the blank, the 
diethylaniline was included in the titrant. 

FIG. 1: Recorded curves for the catalytic titration of EDTA with Mn (II). 
1 : 25 m1 of 2x10.~ M EDTA titrated with 6x10" M Mn (11) 
2 : 25 m1 of 2x10.~  M EDTA titrated with 6x10.~  M Mn (11) 
3 : 25 ml of 2x10 '~  M EDTA titrated with 6 ~ 1 0 - ~  M Mn (11) 
4 : 25 ml of 2x10.~ M EDTA titrated with 6x10.~  M Mn (11) 
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FIG. 2: Recorded curves for the catalytic titration of DCTA with Mn (H). 
A. 25 m1 of 2 x  1 0 . ~  M DCTA titrated with 6 x  10.' M Mn (11) 
B. 25 m1 of 2 ~ 1 0 - ~  M DCTA titrated with 6~ 1 0 . ~  M Mn (11) 
C. 25 m1 of 2 x  10 .~  M DCTA titrated with 6 ~ 1 0 - ~  M Mn (11) 
D. 25 m1 of 2x10 .~  M DCTA titrated with 6 x 1 0 . ~  M Mn (11) 

Working curves are obtained by plotting the endpoint volumes against the 
amount of EDTA (or DCTA). Working curves were made to read molar 
concentrations or micrograms of EDTA (or DCTA) in the titrated sample (25 ml). 
Working curves were prepared for each of four ranges (1 X 10-7 - 8 X 10-7, 1 X 10.' - 
8 X 10-', 1 X 10-5 - 8 X 10-5, and 1 X 10-4 - 8 X 10-4 M EDTA (or DCTA) with four 
manganese (11) standards (6 X 10-6, 6 X 10-5, 6 X 10." and 6 X 10" M respectively). 
Three standard EDTA (or DCTA) solutions were sufficient for each working 
curve. These plots were linear for all the concentration ranges tested. 

The EDTA (or DCTA) concentration may also be found by the proportional 
method in which the result given by the sample is compared with that given by a 
standard EDTA (or DCTA) solution; conditions and especially the EDTA (or 
DCTA) concentration must then be as similar as possible in both titrations. 

Results for aqueous EDTA and DCTA solutions of known concentrations 
are shown in Tables I and I1 respectively. In the proportional method, the unknown 
and the control had the same EDTA or DCTA concentration. The results point to 
the wide range of EDTA and DCTA concentrations that can be determined as well 
as to the good accuracy and precision afforded by semiautomatic titrations with 
catalytic end-point indication. 

The conditional formation constants of the EDTA and DCTA complexes 
should be much larger for the titrated metal ion M"' than for Mn2+, so that during 
the back-titration of excess EDTA or DCTA with manganese (11) no substitution 
reaction takes place between Mn2' and the EDTA or DCTA complex of M"+. This 
was the case for all the ions titrated (Table 111). 
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TABLE I. Semiautomatic catalytic titration results for aqueous EDTA solutions 

~ n ' +  titrant (M) EDTA taken % Error % RSD 

+ 2 X 10'~ M DEA (pg) range Working Proportional (n = 5) 

curve method 

6 x  10.~ 1.1- 7,4 9.1 2.6 1.9 (3.7pgEDTA) 

6~ 10'~ 11 - 74 1.6 1.7 1.0 (37 pg EDTA) 

6 x 1 0 . ~  110 - 740 0.7 1.5 1.0 (372 pg EDTA) 

6~ 10 .~  1100 -7400 0.7 0.9 0.5 (3720 pg EDTA) 

AV. 3.0 1.7 1.1 

TABLE 11: Semiautomatic catalytic titration results for aqueous DCTA solution 

~ n ' +  titrant (M) DCTA taken % Error % RSD 

+2 X 10.' M DEA (pg) range Working Proportional (n = 6) 

curve method 

6~ 1 0 . ~  1.1 - 7.5 2.3 0.5 0.4 (3.7 pg DCTA) 

6 X 10.~ 11 - 75 0.6 0.6 0.3 (37 vgDCTA) 

6 X 10.~ 110 - 750 1.1 0.8 1.5 (373 pgDCTA) 

6 X 10" 1100 -7500 2.5 0.9 1.1(3730 pg DCTA) 

AV. 1.6 0.7 0.8 

For the titration of gallium the citrate-phosphate buffer was substituted by a 
1% NaHCO, solution to avoid masking of gallium ions by phosphate ions. 

For the determination of palladium and nickel with EDTA, it is necessary to 
let the solution stand for a few minutes before back-titrating the excess EDTA 
because the formation of their EDTA complexes is slow. 

The detectability and the sensitivity are increased for the determination of 
lead (11) and mercury (11) in the presence of aminotriacetic acid (NTA) which 
enhances the catalytic effect of Mn (11) on the indicator reaction. A similar use of 
NTA to enhance the catalytic effect of manganese ions on the oxidation of 
Malachite Green cations has been reported.19 Thus it was possible to extend the 
lower concentration limit to the 10-9 M level. The possibility of determining lead 
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TABLE 111. Semiautomatic indirect catalytic titration results for aqueous metal ion solutions 

Metal ion Range, L% Average error, % % RSD 

Separate Common (R = 5-8) 

standard standard 

A. with EDTA 

~ a ~ +  20 - 50 0.5 

pd2+ 30 - 70 1.7 

cu2' 0.06 - 450 1.1 2.6 0.7 - 1 . 7 ~  

cd2+ 0.3 - 80 0.7 2.0 1.7 - 2.6a 

pb2+ 0.002-1500 2.0 2.0 0.8 - 2.1a 

zn2' 0.07 - 50 1.4 1.7 0.5 - 1 .2~  

Hg (11) 0.006- 140 2.0 1.6 0.5 - 2.2a 

co2+ 0.006- 4 2.1 ' 1.9 1.1 - 1 .2~  

Ni2+ 0.006- 4 3.1 3.0 0.4 - 2.7a 

B with DCTA 

cu2+ 0.6 - 5 0.6 

cd2+ 1 -  8 0.6 

pb2+ 2 - 15 0.8 

zn2+ 0.7 - 5 0.6 

Hg (11) 2 - 14 0.2 
co2+ 0.6 - 4 0.1 

Ni2+ 0.6 - 40 0.8 

1.1 ( 3.2 pg) 

0.5 ( 5.6 pg) 

2.1 (10.4 yg) 

0.3 ( 3.3 pg) 

0.8 (10.0 yg) 

0.7 ( 3.0 pg) 

0.4 ( 2.9 pg) 

% a % RSD range 

and mercury at the nanogram level makes the proposed method especially valuable 
in trace analysis. The possibility of determining microamounts of NTA on the basis 
of its promoting action on the manganese (11) - catalyzed periodate - diethylaniline 
reaction is under investigation. 

In the indirect catalytic titration of a metal ion the proportional method is 
used. The volume of EDTA (or DCTA) found by subtracting the volume of 
unconsumed (back-titrated) EDTA (or DCTA) from the known volume of EDTA 
added to the sample is equivalent to the quantity of the metal ion in 10 m1 of sample. 
To determine the blank either a separate metal ion standard of about the same 
concentration as the sample was titrated for each sample or a series of standard 
metal ion solutions covering a decade of concentration were titrated with each 
standard manganese solution, and the average blank was taken as common blank 
and was subtracted from the titrant volume for each sample. The first approach 
(separate standard) gave more accurate results but it took longer. Accuracy and 
precision were better with DCTA than with EDTA (Table 111). The results indicate 
that microgram and in some cases nanogram amounts of metal ions can be 
determined with an accuracy and precision of about 1%. 
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The proposed method has been successfully applied to the determination of 
vitamin B,,. The method was also used for the determination of the solubilities of 
insoluble salts of many of the ions determined by the back - titrating procedure 
(Table IV). In most of the cases, there is satisfactory agreement between 
experimentally determined and reported values. 

Results for the analysis of solution containing cobalt and nickel, and of binary 
mixtures containing mercury (11) and zinc or lead or copper or cadmium are shown 
in Table V. The analysis of the cobalt - nickel mixtures was made as follows: The 
sum of cobalt and nickel was determined in an aliquot of the sample by the proposed 
method by adding an excess of EDTA and back-titrating the excess of EDTA with 
standard manganese (11) solution. To an equal aliquot of the sample a borate buffer 
of pH 9.3 and dimethylglyoxime (DMG) were added, the Ni-DMG complex was 
extracted with chloroform, cobalt was determined in the aqueous phase by the 
proposed method and nickel was found by difference. 

In the case of binary mixtures containing Hg (11) and a cation M"+, first the 
sum of Hg (11) and W' is determined in an aliquot of the sample by the proposed 
procedure; then in another aliquot of the sample Hg (11) is masked by cyanide, ion 
Mnt is determined by the proposed method and Hg (11) is found by diference. The 
method for the analysis of binary mercury (11) mixtures is simple and fast in 
comparison with time - consuming procedures involving extraction and ion - 
exchange steps. 

In conclusion, we have demonstrated the suitability of the manganese (11) - 
catalyzed periodate - diethylaniline reaction for the development of a rapid, simple, 
accurate and sensitive means of determining trace amounts of aminopolycarboxylic 
acids and of a variety of metal ions. 

TABLE IV. Determination of solubility of insoluble salts by catalytic titration 

Salt Solubility, M Salt Solubility, M 

Found Reported Found Reported 

" DCTA was used 
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TABLE V. Semiautomatic catalytic titration results for mixtures of metal ions 

Cobalt, yg % Error Nickel, yg % Error 

Taken Found Taken Found 

1.178 1.174 - 0.3 1.174 1.178 + 0.3 
1.768 1.850 + 4.6 1.761 1.674 - 4.9 
2.357 1.472 + 4.9 2.348 2.212 - 5.8 

AV. 3.3 AV. 3,7 

Mercury, yg % Error Metal ion, yg % Error 

Taken Found Taken Found 

Zinc 
13.07 12.75 
6.54 6.28 

32.7 33.4 
65.4 65.7 

Lead 
41.4 43.5 
20.7 20.7 

103,6 103.6 
207.2 207.6 

Copper 
12.70 12.70 
6.36 6.04 

31.8 31.8 
63.6 64.6 

Cadmium 
22.48 23.60 
11.24 12.36 
56.2 57.3 

112,4 116.9 
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Summary 

Dithiocarbamate complexes of Molybdenum (V) having the molecular formulae 
Mo(dtcb)Cl,, Mo(dtcb),Cl, and Mo(dtcb),Cl, have been prepared by the reaction of 
molybdenum pentachloride with the appropriate amount of dithiocarbamate ion. The 
complexes are non-electrolytes, monomeric in chloroform. The structure of the complexes 
has been formulated on the basis of the IR, NMR and electronic spectra. 

Abbreviations: 

Mo(detc)C14, diethyldithiocarbamato molybdenum (V) tetrachloride, [(C2H5)2 NCSZ] MoCI4. 

M o ( d e t ~ ) ~ C l ~ ,  bis (diethyldithiocarbamato) molybdenum (V) trichloride, [(C2H5)2NCS2]2 MoCl,. 

Mo(detc),C12, tris (diethy1dithiocarbamato)molybdenum (V) dichloride, [(C2H5)2NCS2]3 MoC12. 

M~(detc)~Cl,  tetrakis (diethyldithiocarbamato)molybdenum (V) chloride, [(C2H5)2NCS2]4 MoC1. 

Mo(mdtc)C14, morpholinedithiocarbamato molybdenum (V) tetrachloride, [ h S ~ ] M o C l 4 .  
V 

A 
Mo(mdtc),Q, bis (morpholinedithiocarbamato)molybdenum (V) trichloride, [O-NCS2]2MoC13. 

A 
M o ( m d t ~ ) ~ C l ~ ,  tris(morpholinedithiocarbamato)molybdenum (V) dichloride [OUNCS2]3MoC12. 

M~(pmtc)~Cl, pentamethylenedith~ocarbamato molybdenum (V) tetrachloride, [ C N C S ~ I M O C ~ ~ .  

M ~ ( p m t c ) ~ C l ~ ,  bis(pentamethylenedith~ocarbamato)molybdeum (V) trichloride, [ C N C S ~ I ~ M O C ~ ~ .  

M o @ m t ~ ) ~ C l ~ ,  tris(pentamethylened~thiocarbamato)molybdeum (V) dichloride, [ C N C S ~ ~ ~ M O C I ~ .  

Mo(tmtc)C14, tetramethylenedithiocarbamato molybdenum (V) tetrachloride, [ D C S ~ ~ M O C I ~ .  

M o ( t m t ~ ) ~ C l ~ ,  bis(tetramethylenedithiocarbamato)molybdenum (V) trichloride, [ D C S ~ ~ ~ M O C I ~ .  

M ~ ( t m t c ) ~ C l ~ ,  tris (tetramethlenedithiocarbamato)molybdenum (V) dichloride, [ ~ N c s ~ ] ~ M o C ~ ~ .  

Introduction 

Heckley and co-workers have prepared the N,N-diethyldithiocarbamato 
complexes of Nb(V), Ta(V) and Pa(V) by reacting the pentahalides of the metals 
with sodium N,N-diethyldithiocarbamate.' Depending on the nonaqueous solvent 
used and more important the ratio of starting materials a variety of complexes can 
be isolated having the stoichiometries M(dtcb),X,, M(dtcb),X, and M(dtcb),X. 
Based on their report and our continuing interest in the dithiocarbamates of the 
transition elements we undertook a study of similar complexes of Mo(V). 
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In a previous paper we reported our study of the complexes prepared by the 
reaction of molybdenum pentachloride with sodium morpholinodithiocarbamate.2 
We have continued our investigation to include the reaction of molybdenum 
pentachloride with diethyl-, pyrrolidino and piperidinodithiocarbamate ions. 
Reaction conditions are important in determining the kind of the products 
obtained. Because the desired products are part of a series of equilibrium 
reactions,, it is possible to prepare both the bis-dithiocarbamato and the 
tris-dithiocarbamato complexes by a proper selection of the stoichiometrie 
amounts of starting materials. 

Experimental 

Physical measurements 
All physical measurements (IR, UV, visible, NMR, conductance, etc) were 

obtained using the same instruments and techniques used in the previous study.2 
Molybdenum pentachloride was purchased from Alfa Inorganic. The sodium 

salts of the dithiocarbamates were prepared according to known procedure., After 
crystallization the salts were dehydrated under vacuum at 40•‹C and were used 
without further purification. 

Preparation of  the complexes. 
The complexes were obtained by the reaction of molybdenum pentachloride 

and sodium dithiocarbamate in different solvents. For example, to a suspension of 
1,4 g (5,12 mmoles) of molybdenum pentachloride in methylene chloride (50 ml) 
the equivalent amount of anhydrous sodium dithiocarbamate was added rapidly 
with stirring. The mixture was stirred for one hour then filtered to remove sodium 
chloride and the product was obtained by evaporating the filtrate under vacuum at 
room temperature. The products were purified by dissolving them in either 
chlorofor or methylene chloride followed by precipitation with petroleum ether - (60"-70"). Table I gives the analytical data for the compounds as well as colour 
melting points and molecular weights. 

Results and Discussion 

The solvent methylene chloride was used for all of the syntheses. Other 
solvents tried included carbon tetrachloride, chloroform, acetone and ethanol. 

Alcohol proved to be unsuitable since only nonstoichiometric redbrown 
meterial formed. Carbon tetrachloride results in low yields and from chloroform the 
only isolable products are the Mo(dtc),CI, and Mo(dtc),Cl, complexes. While 
acetone is the best choice for the preparation of the morpholino derivatives it is a 
poor one for all other since, the complexes appear to undergo side reactions and 
decomposition, as evidenced by many colour changes of the solution during the 
preparation. 

The compounds are relatively stable when dry although, noticeable 
decomposition begins to take place after exposure to the atmosphere and light. In 
the absence of light and air the solutions are stable for at least a period of ca. 24 
hours. 

The complexes of the type Mo(dtcb)CI, are extremely hygroscopic and 
undergo hydrolysis and they decompose rapidly. The other complexes of the 
general formulae Mo(dtcb),CI, and Mo(dtcb),Cl,, while they are air-sensitive and 
hydrolyze they are more stable in the solid state, compared to the Mo(dtcb)Cl, 
compounds. 
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Infrared spectra 
The important band positions in the infrared spectra for the Mo(V) 

complexes are similar to those reported for other dithiocarbamate  one^.^,^ 
Generally, a band appears at ca. 1000 cm" attributed to the dithiocarbamate 

group when both sulfur atoms are bound to the same central atom, i.e when acting 
as a bindentate chelating ligand. However, when both sulfur atoms are not bonded 
equivalently, a splitting results giving rise to another band5 at ca. 950 cm-' for the 
v(C-S) stretching frequency. The data in Table I1 give the positions of the 
observed and show that for the majority of the complexes the ligands are not 
coordinated equivalently to molybdenum. 

The v(C-N) stretching mode is usually found in the range 1480-1560 
cm-" The exact position of the band is effected by the presence of halogen bonded to 
the metal and the geometry of the complexe~.~ As an example the v(C-N) band 
for the mono, bis and tris pyrrolydino complexes appears at 1545 cm-', 1535 and 
1525 cm-' respectively. There is a noticeable shift to higher frequencies as the 
number of chlorine atoms in the complexes increases. This trend is attributed to the 
inductive effect by halogen; thus, with increasing charge transfer from the ligand to 
the metal the multiple bond character of the C-N bond is increasing. This 
behaviour has been observed in the halo compounds of the dithiocarbamates of 
other  element^.^-^ 

Electronic Spectra 
Absorption spectra were obtained for the complexes in both methylene 

chloride and nitrobenzene solutions. The major band positions are the same in the 
two solvents. The log E values were determined accurately only for the nitrobenzene 
solutions, because of the high solubility in this solvent. 

The electronic spectra, Table 111, are typical of those exhibited by the 
dithiocarbamate complexes in general. Assignments of the spectral frequencies to 
particular transitions were made on the basis of a comparison with known species 
and relative spectral intensities. 

In the ultraviolet region, for solutions of the complexes in both solvents, sharp 
and intense bands are observed at about 37000 (270 nm) and 40000 cm-' (250 nm). 
These bands are due to intraligand n # x* transitions.1•‹ In addition to these, a third 
band is observed which is a shoulder at ca. 26000 cm-' (385 nm). This weaker band 
is either an n # n* transition or a charge transfer (ligand # orbital) 

The allowed band at about 23250 cm-' (430 nm) is assigned to a charge 
transfer from the ligand to the metal. The absorption at 37000 cm-' (270 nm) is 
more intense in methylene chloride solutions and a shoulder is present at about 
23250 cm-' (430 nm); however, the later, in nitrobenzene is a very sharp peak of 
greater intensity than the former. 

In nitrobenzene solutions a broad band of low intensity is observed in the 
region 13000-15000 cm-' (765-670 nm) and another broad band, that has no 
distinct maximum, appears in the region 18500 cm-' (540 nm). These are assigned 
to d - d transitions corresponding to 'B,, 4 'Bzg and 'Alg 4 'Bzg respectively. The 
broad band occuring in the lowest frequencies indicates distortion of the symmetry 
from the octahedral configuration.13 The high intensity of the second band is a 
consequence of appreciable covalency in the molybdenum-sulfur bonds.14 

NMR Spectra 
The NMR spectra were measured in chloroform and nitrobenzene solutions. 

The chemical shift values for the ligand protons of the alkyl or hetero ring of the 
complexes were found to shift substantially to lower frequencies from the 
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TABLE 11: Infrared Data for the Complexes 

Band Position cm-' 

Compound " ( C L N )  v(C-S) I Compound v(C=N) v(C=S) 

corresponding proton signals of the free amines. The greater shift occurs for the 
methylene group which is bonded to the nitrogen atom. 

The spectrum of the diethyl derivates consists of two signals. Theregion near 
6 = 1,40 is complex and is probably the result of the overlap of two triplets. For the 
- CH, - group a multiplet signal is observed because of the overlap of two quartets. 
Generally a shift to higher values of 6 is observed of both groups as a result of 
deshielding (A6 = 1,22 ppm for methylene and A 6  = 0,29 ppm for methyl groups 
for diethyldithiocarbamate complexes. This behaviour is readily explained on the 
basis of restricted rotation about the C-N bond, which makes the two alkyl 
groups magnetically nonequivalent. l5 

The chemical shifts of the methylene protons of pentamethyleno and 
tetramethyleno dithiocarbamate complexes are similar to those for the diethyl 
complex but different from the morpholinoderivates. 



TABLE 111: Electronic Spectral Data 
Wavelength, given in nm, for the pl-inciple absorption hands in thc UV-visihlc I-cgion oT sol~ltions o f  the con~plcxcs in nitrobcnzenc and chlot-ofo~m. Thc data 
in parentheses are log e values. 

X *  n or ch. tr. ch. tl-. 

Compound ' CHC13 C6H~N02 

- 

a = high hygroscopic 

b = little soluble 
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Aiikioxa~~aps6ixdr oiqAoxa zoi7 x~vzaoikvot7q poilv~baiviov 
Eig afiv n q o 6 o a v  Egyaoiav pehetdvta~  6g~opkva  6 ~ 6 ~ ~ 0 ~ a g ( 3 a p ~ 6 ~ x h  

ozipn~oxa a06 nevtao6evoGg pohvfi6a~viou t h  BxoZa n~oxl jn touv  Ex tijg 
&vt~6@6Lo&og to6  M O C ~ ~ ~ ~ E T ~  TO; 6k~1~0~~o6~@~ma~flap1613~06 (detc), nu~oh~61v06~0~~3-  
xae f i ap~6~xo6  (pmtc) xa i  n ~ n e ~ ~ 6 ~ v o 6 ~ 6 e ~ o x a ~ f l a ~ ~ x o G  (pmtc) v a t ~ i o u .  T h  
pehety6kvta oljpnhoxa qoav 6 ~ -  TQL- xa i  a s t ~ a x h o g ~ o y i v a  oljynhoxa t d v  
yev~xdv tljnov Mo(L),Cl,, Mo(L),Cl, xa i  Mo(L)Cl, &v-c~otoixo~, (6nou L 
6 ~ 6 e ~ o x a g k q ~ ~ 6 ~ x f i  Bpy&s). n e g a ~ a 6 g o  & v t ~ x a t 6 o t a o ~ g  xhoeiov dnb S L ~ E L O ~ U Q -  
(3ap~Gixdv bp&6ov 68v xaa6o.ty y sv~xds  6cp~xt4, nhfiv to6 o ( ~ ~ q p a t ~ o y 0 6  to6  
6 ~ a ~ 6 u h o x a ~ ~ a p ~ 6 ~ n o 6  oupnh6xou to6  yev~xo6 aljnou Mo(detc),Cl. 

T h  oOpnhoxa 6kv E ~ U L  ~hen tqoh l j t a~ .  'SZg ~ Q O X ~ ~ X Z E L  62 Ex -COG ~ Q O O ~ L O Q L -  
oyo6 toG p o ~ l a x o 6  tcov fidteovg, ~ i v a ~  Evtbg xhcoeocpo~yiov povopegq. 

'H tautonoiyo~g adv Evhoeov a h d v  Eykveto 61h nhfi~ovg ~ T O L X E L O ~ E ~ Q L -  
xfig &vahljcsewg (nivaE I) xa i  61h cpaopatooxon~xijs yehitqg. Zuyxexg~pivog t h  
d n k ~ u 6 p  cp&opata afitdv (nivaE 11) nagouo~&i;ouv t h s  x a ~ a n q ~ ~ o t ~ x h g  
i;hvag &noeeocp.ioeog eig ahg nee~oxhg t d v  1000 cm-' xai  1500 cm-' a i  6noiat 
&no6i6ovta~ eig thg 6 0 ~ f i 0 ~ 1 ~  C z S  xa i  C-N &vatoaoi~os. 

Th  qhexagov~xh cp6Loyata t d v  ovynh6xov (nivaE 111) nagouo~6L~ouv 
&xoe~ocpt@e~g eig thg ~ E Q L O X & ~  37000-40000 cm-' (X - n *  ~ L ~ Y E Q O L S ) ,  23500 cm-' 
(peaacp'oeh cpog-ciou) xa i  eis 13000-15000 cm-' (d - d pet6rntcoo~g). 

Th  cp&oyata NMR yev~xdg 6Bv 6~acpkgouv 6 x 6  dv6Lhoya 6 ~ 1 Y e ~ o x a ~ ~ a p ~ 6 ~ -  
x& oljynhoxa 6hhov oto~xeiov.  
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