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SPECTROPHOTOMETRIC STUDY OF THE IRON(I1) - INDUCED 
PERBROMATE-IODIDE REACTION. AUTOMATIC REACTION RATE 
METHOD FOR THE ULTRAMICRODETERMINATION OF IRON 

L.A. LAZAROU, E.P. DIAMANDIS & T.P. HADJIIOANNOU 
Laboratory of Analytical Chemistry. University of Athens, Athens. Greece. 

(Received December 5,  1978; Revised October 21. 1981). 

Summary 

A kinetic study of the iron(I1) -induced perbromate-iodide reaction was carried out 
spectrophotometrically. Reaction rate constants and activation energies are reported. An 
automatic reaction rate method is described for the determination of 40-600 ng of iron 
(1.8X10-7-2.7x10-hM) with relative errors and standard deviations of about 1%. 

Key words: Perbromate, iodide, iron. kinetic data. 

Introduction 

Since the successful preparation of perbromates', only a limited amount of 
work on perbromate chemistry has been published. The earliest studies indicated 
perbromate to be quite sluggish in its reactions, though not as inert as perchlorate2. 
This inertness of the perbromate ion stands in sharp contrast to its high 
thermodynamic oxidizing power3, which is greater than that of any other 
oxyhalogen that exists in aqueous solution. 

The perbromate - iodide reaction is well known and it was used for the 
detection4,hnd the iodometric6 and kinetic7 determination of perbromate. Iodide 
reduces perbromate to bromate in alkaline or neutral solutions6 according to the 
reaction 

and to bromide in acidic solutions. The reaction proceeds very slowly in alkaline. 
neutral or acidic solutions. However. when iron(I1) is added. it induces the 
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oxidation of iodide. Also, iron(I11) accelerates the perbromate-iodide reaction, but 
only if iodide is present in sufficiently high concentrations so as  to  reduce iron(II1) 
to iron(I1) quickly. 

In this paper the kinetics of the iron(I1) induced perbromate-iodide reaction 
are studied spectrophotometrically. Also. an automated reaction rate method for 
the determination of iron is described. The time required for the reaction to  
produce a fixed amount of triiodide is measured automatically and related directly 
to the iron concentration. Iron in the 40-600 ng range ( 1 . 8 ~ 1 0 - ~ - 2 . 7 ~ 1 0 - ~  M) was 
determined with relative errors and relative standard deviations of about 1%. 

Experimental 

A modified Perkin-Elmer 139 single beam spectrophotometer was usedx. The 
signal from the photomultiplier output is fed to  a logarithmic converter (Pacific 
Instruments Model 1002). and the signal from the converter is driven t o  a chart 
recorder. 

The measurement and control system for the automatic determination of iron, 
assembled from MP-modular units (McKee-Pedersen Instruments. Danville, 
Calif.). consists of an operational amplifier (MP-1006 C)  which was used to  make 
the source impedance negligible. improve the stability and multiply the signal by a 
factor of ten. and a kinetic time switch (MP-1505) which consists of the following 
units: A tabletop cabinet. powered (MP-1036 CP), two operational amplifiers (MP- 
1006 C). a millivolt source (MP-1008 B). a timer-counter (MP-1029). and a plug-in- 
program for measuring the time (At) it takes for the reaction to  produce a fixed 
amount of triiodide. This unit provides the necessary components and intercon- 
nections t o  program the two MP-1006 C amplifiers as  comparators. These 
amplifiers provide switching signals which enable the timer-counter t o  start and 
stop when the input signal reaches the appropriate potentials. The toggle switch on 
the timer-counter should be moved to the "TIME" mode. A parallel connection to  
the output of the logarithmic converter drives a small portion of the current to the 
input of the operational amplifier. OA. and the signal is amplified by a factor of 
ten. The OA output. E,,,, is driven to  the input of the plug-in-program, the lower 
and upper limits El and EII  of which are preset externally using the millivolt 
source. When E,,, reaches the predetermined value EI the timer is activated and the 
time counting starts. When E,, reaches the predetermined value E ~ I  the timer is 
inactivated and the time counting stops. Thus. a time interval is determined the 
reciprocal of which is proportional to  the iron concentration. Fig. 1 shows the 
recording and measurement system. The measurement and control system was 
adjusted to  measure the time required for the recorder pen t o  cross preselected 
positions in the chart. corresponding to  0.10 and 0.20 absorbance unit. 
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Figure I .  Schematic diagrarh of  the record in.^ and measurement system. 

All solutions were prepared in deionized distilled water from reagent-grade 
materials. except where otherwise stated. 

Stock perbromare solution (0.100 M). Dissolve 1.83 g of potassium perbromate 
in water and dilute to 100 ml. 

Stock iodide solution (1.00 M). Dissolve 16.6 g of potassium iodide (Merck 
Suprapur) in water and dilute to 100 ml. 

Stock iron(II) solution (0.1000 M). Dissolve 39.2 1 g of (NH,),Fe(S0,)2.6H,0 in 
50 ml of 2M sulfuric acid (Merck Suprapur) and dilute with water to 11. Standardize 
with standard potassium permanganate solution. Prepare more dilute solutions by 
dilution with 0.0125 M perchloric acid. 

Stock iron(I1I) solution (0.1000 M). Dissolve 40.40 g of Fe(N0,),.9H20 in 50 
ml of 2M sulfuric acid and dilute with water to 11. 

The stock iodide and iron(I1) and (111) solutions should be kept in amber 
bottles. The potassium iodide solution required for each kinetic run was prepared 
by mixing appropriate amounts of potassium iodide and 1.00 M sodium 
perchlorate (Merck Suprapur) so as to obtain an ionic strength of 0.125. 

During measurements all solutions were thermostated at 25 + O.l•‹C. 

Procedure for kinetic studies 

Use the hydrogen lamp and set the wavelength at 287.5 nm, where triiodide 
has an absorption maximumy. Into the thermostated quartz cuvette transfer 4.00 m1 
of the iodide solution, 0.50 ml of 0.125 M perchloric acid solution, 0.50 ml of 
potassium perbromate solution, and 50 pl of the iron(I1) solution. Close the cuvette 
immediately, start the recorder at once and record the change in absorbance for a 
few minutes. 

Procedure for determination of iron (40-600 ng) 

Into the thermostated cuvette transfer 4.00 ml of the standard iron (10.50, 100, 
150 ppb in 0.0125 M HCIO,) or sample solution and 0.50 ml of 0.50 M potassium 
iodide solution. Inject instantaneously 0.50 ml of 2.0X10-3 M potassium 
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perbromate solution and close the cuvette a t  once. The measurement is completed 
automatically and the number on the digital readout (time in tenths of a second) is 
recorded. Press the reset button and empty the cuvette by suction. 

Results and Discussion 

Kinetics qf the iron(II1 -induced perbromate-iodide reaction 

The reaction was found to  be independent of pH in the range 2-7. Using the 
iritial reaction rate method1•‹ it was found that the reaction rate can be expressed as 

where k ,  and k, are the reaction rate constants for the uncatalysed and the - 
catalysed reactions. respectively. Given that the reaction I,+< S 1, , KI=72QY, 
and that during the measurement period the iodide concentration remains 
practically constant we have 

We also have A = (E,,-).b[I,-] + (&l,).b[I,], or  since (&I,-) = 4x10' M-' 
cm-' >> (E,,) = 95". 

A ( E I ~ - ) . ~ [ I ~ - ]  (4) 

Differentiating equation (4) with respect to  time and combining the resulting 
equation with equations (2) and (3) gives 

i 

Since during the measurement period all concentrations remain practical1.y 
constant, the absorbance should vary linearly with time. Therefore, under such 
conditions, dA/dt in equation (5) can be replaced by the term AA/At. which is the 
actual measured quantity. 

Recorded curves for the perbromate-iodide reaction in the presence of iron(I1) 
are shown in Fig. 2. As expected from equation ( 5 ) ,  the curves are straight lines. 
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Time --+ 

Figure 2. Recorded curves of absorbance versus time.for the iron(I1)-induced perbromate-iodide reaction. 
Initial concentrations: 1 . 8 0 ~ 1 0 - h  iron(I1). 0.100 M I-.[B~o,-] is shown on the curves. 

The rate constants k; and k, were calculated to be (1.6 k 0 . 1 ) ~ 1 0 - ~  M-' S-' and 
(240 -t 18) M-' S-' (n=13), respectively. These values were calculated fo; the 
following concentration ranges: [I-] = 10-~ -10-' M, [B~o,-] = 10-~ -5~10-'M, and 
[ ~ e " ]  = 1 0 - ~  -5X10-' M. 

Effect of  temperature 

The rates of the perbromate-iodide and the iron(I1)-induced perbromate- 
iodide reactions increase with increasing temperature in the range 19-34OC. From 
Arrhenius plots of Ink, or  Ink, versus reciprocal of absolute temperature the 
activation energies were calculated to  be (13.7 f 0.3) kcal mol-' and (8.9 + 0.2) 
kcal mol-' (n=4), respectively. 

Effect of  ionic strength 

The rate of the uncatalysed perbromate-iodide reaction increases with 
increasing ionic strength. whereas the rate of the catalysed reaction decreases with 
increasing ionic strength indicating that the slow step in the uncatalysed reaction 
involves ions of the same sign and that the slow step in the catalysed reaction 
involves ions of the opposite signI2. From plots of logk, o r  logk, versus pllZ 
(p=ionic strength), (k , )  ,,=o and (k,) ~ = o  were calculated to  be (1.2 + 0.I)Xlo-' M-' 
- 1 

S and (500 t 28) M-' S-' (n=4), respectively (p=0.1-1). 
Iron(I1) acts as an inductor and not as a catalyst, because it was found 

experimentally that at  the end of the reaction the iron(I1) is oxidized to iron(II1). 
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Iron(II1) accelerates the perbromate-iodide reaction but not a s  strongly a4 iron(I1) 
(under controlled conditions, high iodide concentration and low perbromate 
concentration, iron(II1) and iron(I1) behave identically). Iron(11I) accelerates the 
perbromate-iodide reaction because of iron(I1) produced in the iron(II1)-iodide 
reaction.It was also found that fluoride does not affect the reaction rate. In 
comparison to perbromate. bromate reacts with iodide in the presence of iron(I1). 
only when present in very high concentrations. Therefore, bromate, which is the 
product of the perbromate-iodide reaction, does not affect the rate of the iron(1I)- 
induced perbromate-iodide reaction. 

Automatic kinetic determination o f  iron 

Equation (5) can be written as 

If we keep constant the terms [I-], [B~o,-] and AA, the curve [ ~ e " ]  = f (l/At) must 
be a straight line (working curve) from which iron can be determined. It can be seen 
from equation (6) that the smaller the iodide concentration the smaller the blank. 
However, the iodide concentration must be sufficiently high so  as to  reduce 
iron(II1) to  iron(1I) quickly. so  that total iron can be determined with the proposed 
method. Straight line working curves (ng of iron vs. 1000/At) were determined by 
least squares fit. 

Analysis of aqueous iron(I1) and iron(II1) solutions of krown concentrations 
gave the results shown in Table 1. The data indicate that iron in the range 40-600 ng 
(1.8~10- '  -2.7~10-h M) can be determined with relative errors of about 1%. The 
relative standard deviation of the determination of 7.16~10-' M iron(I1) solution 
was 0.5% ( ~ 6 ) .  

P- 

TABLE I .  Determination of iron in aqueous solutions 

Taken Found'"' % Taken Found'"' 

Error, 

% 

- 0,8 
- 0,4 

+ 0,6 
- 2,1 
- 0,3 

+ 0,5 
+ 1,3 
- 1,2 

Mean 0 3  

+ 1,o 
- 1,2 
- 1,2 
- 2,1 

- 0 6  , 

+ 0,5 
- 0,6 
- 0,2 

Mean 0,9 

I"' Single measurements. Calculated using equation: 
ng iron = - 70.7 + 6.90 (1000/At). 
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Intcrfcrenccs 

T o  investigate the effect o f  various ions that might interfere in the 
determination o f  iron. the measurement step was modified as follows: After the 
addition o f  an iron standard (40 ppb). 100 p1 o f  water or o f  the solution o f  the ion 
being examined was injected into the cuvette. The following ions did not interfere 
with the determination even when their concentrations were several thousand times 
that o f  the iron: calcium. barium. strontium. magnesium, zinc. aluminurn. 
cobalt(l1). chromium(II1). cadmium, manganese(I1). nickel. chloride. bicarbonate. 
sulfate. phosphate and bromide. Copper(11) and lead caused a positive relative 
error o f  about 5% when their concentrations were 40 and 190 times that o f  the iron 
concentration, respectively. 
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Summary 

The reactions of Pd(I1) and Pt(I1) with purine nucleosides possessing an exocyclic C=O 
group at the 6th position. (Ino. Guo, Xao and trino. trguo and trxao) were studied in 
aqueous solutions. The complexes cis-Pd(trino),CI,. cis-Pd(trguo),CI,. cis-Pd(trxao),CI,. cis- 
Pd(trino -H'),. cis-Pd(trguo -H'),. cis-Pd(trxao -H'), and ML (Nucl-H')Cl. where M is 
Pd(I1). Pt(II), L is Py or  Cyd and Nucl is Ino, Guo or Xao were isolated and characterized by 
elemental analyses. conductivity measurements. molecular weight determinations. ir. 'Hnmr 
and e.s.r. spectra. 

The possiple structures of the complexes based on the above experimental data. are 
suggested as N(7)0(6) monomeric chelate and/or N(7)0(6) dimeric or polymeric species. 

Key words: Complexes. platinum. palladium. inos~ne guanosine. xanthosine. triacetylinosine 
triacetylguanosine. triacetylxanthosine. N(7) O(6) chelates. 

Introduction 

Antitumour active complexes like cis-Pt(NH,),CI, or related compounds, most 
probably react in a covalent rather than intercalative manner with DNA'. The 
preferred binding site in such reactions has been found to  be primarily the N(7) 
nitrogen atom of the guanine bases of DNA'-~. However the interaction of only 
N(7) of a guanine base with Pt(I1) is not believed to t5emthe only attact caused to 
DNA'-~ by the platinum drug$. The formation of inter or intra strand cross linksh-' 
or of N(7)0(6) ~helates '~ ."  have been proposed as possible mechanism for the 
antitumour action of cis-Pt(NH,),Cl,. The proposal for the formation of N(7)0(6) 
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chelates was mainly based on the fact. that the antitumour drug cis-Pt(NH:),CI, is 
able to form one. thereby altering interbase hydrogen bonding. while the inactive 
trans-Pt(NH,),CI, is notL l .  

On the other hand. the in vitro studies of the interactions of metals with 
nucleosides are interesting. because they may provide models for the mechanism of 
action of cis-Pt(NH,),CI, itself reacting with DNA. Many such studies"." have 
clearly demonstrated the bonding sites and the properties of such reactions and 
products. In our laboratory3.". we have prepared and studied a number of Pt(l1) 
and Pd(I1) complexes with nucleosides. On the basis of ir. IHnmr spectra. chemical 
reactions and analysis we provided evidence for the bonding sites and general 
reactivity. including the possible formation of N(7)0(6) chelates. 

In continuation of our  studies on such interactions we now present new 
complexes of Pd(l1) and Pt(1l) with Inosine=Ino. Guanosine=Guo. Xanthosine= 
Xao and their acetyl derivatives. triacetylinosine=trino. triacetylguanosinc=trguo 
and triacetylxanthosine=trxao. These bases were chosen because they possess an 
exocyclic keto oxygen a t  the 6th position of the purineskeleton and therefore may 
form N(7)0(6) chelates with metals. 

Results and discussion 

Based on the, lower trans effect of Nucl than that of halogens',14. we have been 
able to  prepare the complexes cis-Pd(trnucl),CI,. where trnucl=triacetylnucleosi- 
des. according to  the following reactions: 

The analytical results agree with the assigned formulae (TABLE I) .  

The keto oxygen of the 6th position is free in these complexes. as  it is shown 
from their ir spectra. since the vC=O vibration of this group remains unshifted on 
passing from the ligands to the complexes a t  about 1700 cm-'. (See Table 11). All 
the complexes and the ligands show also a strong band a t  about 1750 cm-' in their ir 
spectra. due t o  the carbonyl stretchings of the acetyl groups". The complexes also 
show vPd-Cl vibrations in the region of ca. 330 cm-'. The cis-Pd(trino),CI, has two 
bands a t  331 and 344 cm-': the cis-Pd(trguo),CI, a t  330 and 335 cm-' and the cis- 
Pd(trxao),CI, a t  330 and 337 cm-'. in accordance with the assigned cis 
conf ig~ra t ions '~ .  

The ris configuration of the complexes is also confirmed by a Kurnakoff test''. 
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TABLE I :  Analytical and phyricnl clara qf rhr complexes 

Xmol(c.g.s)~10-6 H.W. 

' L 

The values are referred to decomposition points. 

** r 
The analytical ~esults have been given 3c,l7 

The numbers in parentheses correspond to the calculated values. 
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TABLE 11: Characteristic ir bands of the complexes. 

v c=o 
acety l s  

174'8 

1750 

1750 

4 150 

1746 

1745 

1749 

1748 

1740 

- 
- 
- 
- 

- 
- 
- 
- 
- 

v C=O 

6th pos. 

1706 

1706 

1705 

1720 

1704 

1700 

1640 

1622 

1625 

1630 

1630 

1625 

1633 

1630 

1690,1630 

1690 

1722 

1700 

v c=o 
2nd pos. 

- 
- 

1705 

- 

- 

1700 

- 
- 

1690 

- 
- 

1680 

- 

- 
- 
- 

1700 

v(C=C,C=N) 

of the  r ings  

1590, 1550 

1598, 1537 
l486 

1599, 1560 

1592, 1553 
1520 

1590, 1539 
1503 

1615, 1562 
149 8 

1529, 1496 

1524, 1494 

1562, 1525 
1492 

1530, 1495 

1600, 1533 

1572, 1520 

1610, 1535 
1500 

1590, 1530 

1588, 1520 

1584, 1510 

1620, 1530 

1610, 1580 

At pH ca 9 the above cis complexes are easily deprotonized and the following 
possible chelates precipitate: 

p H -  9 
cis-Pd(trino),CI, - cis-Pd(trino -H')2CIz + 2HC1 (4) 
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pH-  9 
cis-Pd(trxao),Cl, .-) cis-Pd(trxao -H')?CI, + 2HCI 

The analytical results agree with the formulae (TABLE I). In the ir spectra of 
these last complexes with v C=O of the 6th position is shown at ca. 1630 cm-', while 
the vC=O of the acetyl groups are unhifted at about 1750 cm-'. 

The cis-Pd(trxao -H+), has one more band at ca. 1680 cm-' which is due to the 
v C=O of the 2nd position of the base. These shifts strongly indicate once again the 
existence of Pd-O(6) Similarly".'4. the v Pd-Cl vibrations disappear in the 
region of 300 cm-'. The 'Hnmr spectra of the initial complexes cis-Pd(tmucl),Cl, 
(trnucl = trino, trguo) reveal the N(7) atoms as bonding sites with Pd(II), since the 
adjacent H(8) protons shift upfield by ca.0.5 ppm3,I4. (TABLE 111). 

This implies this position N(7). as a bonding site also, 

TABLE 111: 'Hnmr chemical shifts o f  trino, trguo and their Pd(I1) complexes. 

Compound H2 NH2 H~ Solvent 

8.33 8.03 t r ina  6 . 1 3 ~  CDC13 
6 .20 

* Doublet 

61 

Doublet showing the  decomposition of 05s-~d(kt uo) C 1  i n  DMSO-d6. 3 2 2  

in the possible chelates cis-Pd(trnucl),CI, together with the O(6) position, revealed 
from their ir spectra. 

We have also carried out reactions of the monobase complexes KIPtLCI,]'X 
and the newly synthesized K[PdLC13]'4, where L is pyridine or cytidine with Ino. 
Guo and Xao in aqueous solutions in order to obtain similar 1:l. possible chelates. 
The reactions taking place are as follows: 
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pH 7.0 - 7.5 
K[MCydCI,] + Nucl M C ~ ~ ( N U C I - H ' ) C I  + KC1 + HCI (8) 

Where M is Pd(I1) or Pt(I1) and Nucl is Ino, Guo or Xao. 
Here again, the tram effect of the nucleosides, comparable to pyridine. provide 

that the first attack of the metal to the N(7) of the nucleosides should be in the cis to 
pyridine or cytidine  position^','^. Chu et al'y.20 have reported the lowering of the 
pK value of the, N(I) imino proton of Ino and GMP in the presence of equimolar 
amounts of the cis-Pt(NH,),Cl, by over 2 and 2.8 log units for the two bases 
respectively, in aqueous solutions. Such a lowering in the pK value of Ino. after Pt- 
N(7) coordination, to the value of neutral water (7). should facilitate the ionization 
of the imino protons and the formation of the N(7)0(6) chelates and/or polymeric 
c o m p o ~ n d s ' , ' ~ , ' ~ , ~ ~ .  Therefore. the pH of the reactions was kept at  ca. 7-7.5 with 
addition of 0.1 N KOH in order to facilitate the possible chelate formation by 
removal of the imino N(l)  proton, which follows the attack by the metal at  the N(7) 
site. The reactions with Pt(I1) were slow and comlete precipitation was obtained in 
2-3 days at room temperature, while those with Pd(I1) took place almost 
immediately. The analytical results of the isolated complexes are included in 
TABLE I. 

The ir spectra of the complexes in the region of 1700 cm-', indicate once again 
that all the complexes have their O(6) keto oxygen involved in bonding with the 
metals"-'4. The band at ca. 1700 cm-' due to vC=O of the free bases. Ino. Guo or 
Xao shifts to about 1625 cm-'. '(See TABLE 11). There is also a weak band at ca. 
330 cm-' assigned to v M-Cl. The shift to lower frequencies of the vC=O band upon 
ionization of the N(l) imino proton in Ino, Guo, Xao and their acetyl derivatives, 
indicates the loss of the double bond character of the G O ,  in the s t ru~ ture~ ' . '~ .  

R=H, Inosine 
NH,. Guanosine 
OH. Xanthosine 

This is possibly more pronounced in the ionic sodium salt of guanosine (shift 
to 1595 cm-')24 and less whenever the metal-oxygen bonding is more covalent, as in 
the case of Pt(I1) and Pd(I1) for example (shift to 1625 cm-')',l4. Certainly, the 
double bond character of the C=O is also lowered when the oxygen interacts 
covalently with a metal without loss of the N(1) imino protonx. Oxygen 
involvement in bonding, following deprotonation of the imino proton, has also 
been found in the crystal structure of cis-diamminoplatinum a-Pyridone blue2', 
where both 0- and N atoms bridge two platinum atoms. Kistenmacher et al" have 
also found an oxygen -Ag(I) interaction in the crystal structure of (Nitrate) (1- 
methylcytosine) silver (I). 

If the O(6) is involved in bonding with the metals. the analytical results of the 
above complexes can only be interpreted as follows: either we have monomeric 
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N(7)0(6) chelates3.", o r  polymeric structures involving the sites N(7).0(6) o r  
N(7)0(6) and N( l )  in a random sequence. like the ones already proposed'". The 
existence of M-M bonds should also be considered in mixed valence states of the 
 metal^^',^'. 

The molecular weight determinations of the complexes performed in D M F  or  
DMSO solutions are summarized in TABLE I. The complex cis-Pd(trino -H'), is 
clearly monomeric in D M F  solutions. The complexes cis-Pd(trguo -H+): and cis- 
Pd(trxao -H+), give experimental values almost double of the calculated ones in 
DMSO solutions, as they are not soluble enough in DMF.  A higher degree of 
stacking which occurs for Guo  and Xao (free bases)",2h could account for the 
double of the calculated M.W values found for their complexes. The zero charged 
complexes ML(Nuc1-H')CI dissolve in DMSO by slight heating in the water bath. 
The found values of the molecular weights are all less than the calculated ones 
(TABLE I), with the best fit for the complex PdPy(Guo-H')CI. 

A partial displacement of the chlorine atoms by DMSO could account for the 
lower values of the molecular weights found. 

ML(NUCI-H')CI + DMSO - [ML(Nucl-H')DMSO]CI ( 9 )  

Although a definitive conclusion from the M.W. measurements can hardly be 
drawn since the experimental values are very approximative, the above repults may 
indicate monomeric complexes rather than polymeric. 

The 'Hnmr spectra of the complexes cis-Pd(trnuc1 -H'), showed broad bands. 
which indicate the presence of paramagnetic species. Indeed, all the complexes with 
O(6) involvement in bonding are slightly paramagnetic a t  room temperature and 
give values of X h l  varying from (+20 to  + 800)X10-~ c.g.s. after the diamagnetic 
corrections (See TABLE 11). The complexes also show distinct e.s.r. signals. In 
FIG. 1. the e.s.r. spectrum of the complex P d ~ ~ d ( G u o - H ' ) C l  is shown. 

FIG. 1: E.s.r. spectrum of' thc complc~ PtlCpl (Guo-p)CI in tlw solid stote (poudw). 
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The existence of strong metal-metal bonds has to be excluded. since this would 
imply characteristic colours of the complexes, depending on the distance of the 
metals2'. The complexes in this study do not have any characteristic color (green, 
blue or purple) not they possess any characteristic electronic spectrum. There is not 
distinct absorption maximum in the visible region, except the strong R-X* 
transition at about 2650 A" of the ligands shifted to higher wavelenghts in the 
c~mplexes '~ .  It should be noted that the paramagnetism of the complexes is kept in 
solution. Complexes prepared under nitrogen show again the same small positive 
XM values, thus excluding oxydation of the metals by atmospheric oxygen. The 
magnetic properties of the complexes are not at  present well understrood. but they 
are under investigation. 

Therefore, only suggestions concerning the structures of the complexes may be 
made. Since a strong metal-metal interaction seems not to be present in the 
complexes, the small values of XM found. and the narrow esr signals observed, may 
be due to some impurities or free radicals present. 

The molecular weights are also in favor for the N(7)0(6) monomeric chelates, 
although polymeric structures may also be considered, like: 

Experimental: 

Materials: The nucleosides were purchased from Raylo Chemicals Ltd.. and 
used without further purification. Potassium tetrachloropalladite (11) and 
potassium tetrachioplatinite (11) were from Fluka A.G. The triacetyl nucleosides 
were prepared according to the method of Bredereck". 

Methods: (a) The ir spectra were recorded in a Beckman 2050 model 
spectrophotometer, in KBr pellets. The positions of the bands are given within 
?2cm-' (b) The 'Hnmr spectra were recorded in a Varian T60 high resolution 
spectrometer, in DMSO- d, solutions, using TMS as internal reference. (c) UV-Vis 
spectra were taken with a Carry 17D model spectrophotometer in D M F  of DMSO 
solutions. (d) Magnetic moments were determined by the Gouy method with 
diamagnetic corrections. (e) Electron spin resonance spectra were recorded by 
using a Varian Y-4502 spectrometer with 100-KC field modulation, operating at  



PLATINUM A N D  PALLADIUM COMPLEXES OF NUCLEOSIDES 19 

9500 MC. (f) Conductivity measurements were performed using an E 365B 
conductoscope, Metrohm Ltd, Herisau, Switzerland. (g) The melting points were 
determined on a Fisher John's apparatus and are uncorrected. (h) The ' 
microanalyses were performed in the Laboratories of the National Hellenic 
Research Foundation (N.H.R.F.) in Athens. (i) The molecular weight determina- 
tions were performed in D M F  or DMSO solutions, by the Alfered Bernhardt 
Mikroanalytisches Laboratorium, West Germny. (ia) Pt and Pd were determined 
by ignition of about 0.1 gr of the samples at  900 C for 30 min. and weighing the 
residues as pure metals. 

Preparation fo the complexes. 
The complexes K[PdPyCI,], K[PdCydCI,] and K[PtPyCI,], K[PtCydCl,] were 

prepared according to known methods14 I X  

The complexes cis-bis (triacetylinosinato) palladium(II), cis-Pd(trino -H'), and 
cis-bis (triacetyguanosinato) palladium (11). cis-Pd(trguo -p),. 

2mmol of each of the triacetyl nucleosides were dissolved or  suspended in 50 
m1 of acetonitrile. l mm01 of potassium tetrachlopalladite(I1) (0.326 gr) was 
dissolved in 15ml of distilled water. The two solutions were-mixed and stirred for 
two hours at  room temperature until complete dissolution. The pH of the solution 
was adjusted to about 10, using 0.5N KOH and the precipitate formed, was washed 
with acetonitrile, hot water, acetone and ether and dried at  60•‹C under vacuum. 
Yield 75-80%. 

The complexes cis-dichloro-bis (triacetylguanosine) palladium (11). cis-Pd(trguo), 
Cl, and cis-dichloro-bis(triacety1inosine) palladium(II), cis-Pn(rrino),CI,. 

lmmol of each of the complexes Pd(trguo -H+): and Pd(trino -H'), were 
suspended in 10 ml of O.5N HCI and stirred for 15 minutes at room temperature. 
Then, l5  ml of acetonitrile were added and the stirring was continued until 
complete dissolution. The solution was then filtered from any undissolved 
materials and the complexes were precipitated by the addition of excess 
isopropano1:ether (1:2) (300 ml). It was then filtered, washed with small quantities 
of isopropanol and ether and dried at  60•‹C under vacuum. Yield 80%. 
The complex cis-dichloro-bis(triacetylxanthosine) palladium(II). cis-Pd(trxao), Cl,. 

2 mm01 triacetylxanthosine (0.8180 gr) were dissolved in 50 ml of 0.5N HCI 
and 1 mm01 of potassium tetrachlopalladite (11) (0.3266 gr) was dissolved in 20 ml 
of 0.5N HCI. The two solutions were mixed and strirred for 2-3 hrs. at room 
temperature. The precipitate formed was filtered and washed with small quantities 
of acetone and ether and dried at  60•‹C under vacuum. Yield 80%. 
The complex cis-(triacetylxanthosinato) palladium(II), cis-Pd(trxao -H+)?.  

1 mm01 (0.9954 gr) of the complex cis-Pd(tr~ao)~Cl, was dissolved in 50ml of 
water and the pH of the solution was kept a t  about 10 for 5-6 hrs. The precipitate 
formed in this way was filtered, washed with acetone and ether and dried at  l 10•‹C 
under vacuum. Yield 80%. 

General method for the preparation of the Pd(II.) chelates. cis-PdL(Nucl-p)CI 
where L is Py or Cyd and Nucl in Ino. Guo, or Xao. 

1 mm01 of each of the nucleosides were dissolved o r  suspended in 50 m1 of 
water and to  that. 1 mm01 of the complexes K[PdLCI,] were added in small 
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portions. by continuous strirring. A yellow precipitate was formed almost 
immediately and the pH of the solution decreased. The pH was kept constant at ca. 
7-7.5, by adding 0.1N KOH and the stirring continued for 2-3 hours at room 
temperature. It was then filtered, washed with small quantities of acetone and ether 
and dried under vacuum in the presence of CaCI, and at 1 lO0C under vacuum. The 
yield was quantitative. . 
General method,for the preparation of Pr(II) chelates. cis-P~L(NUC/-H')CI. where L is 
Py or Cyd and Nucl is Ino o r  Guo. 

1 mm01 of each of the nucleosides was dissolved or suspended in 50 ml of water 
and to that, 1 mmol of the complexes K[PtLCI,] were added in small portions. In 
the case of guanosine the mixture was heated at  ca. 40-50•‹C for 30 to 60 minutes 
until the solution became clear. It was then left at  room temperature for 2-3 days by 
continuous stirring and by adjusting the pH to ca. 7-7.5 with 0.5N KOH. During 
this time the precipitates of the chelates were formed and were collected gradually 
by filtrations. 

The precipitates were washed with small quantities of acetone and ether and 
dried in vacuum at room temperature and 1 10•‹C. Yields: 40-50%. 
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Mshsrtjeqrcav oi  &vtt6p6ostq z8v Pd(I1) ~ a i  Pt(I1) p i  nouptvt~o6q 
v o u ~ h ~ o < i r s ~  (Ino, Guo, Xao ~ a i  trino, trguo, trxao), nod nsptb~ouv E @ B K U K ~ L K I ~  
rcapPovuht~q 6p66a C=O ozqv 6q 0bon 206 X O U ~ L V L K O ~  6 a ~ r u h i o u ,  of. 6 6 a z t ~ a  
6tah6para. ' AnopovhBq~av r6 CSfipTCho~a: cis-Pd(trino),Cl,, cis-Pd(trguo),Cl,. 
cis-Pd(trxao),Cl,, cis-~d(trino-H'),, cis-Pd(trguo-H+),, cis-~d(trxao-H+), ~ a i  ML 
(Nucl -H')Cl, 6nou 26 M ~ I v a t  Pd(I1) q Pt(II), r 6  L ~ I v a t  Py f j  Cyd ~ a i  r 6  Nucl 
&{vat Ino, Guo fj Xao ~ a i  ~ a p a ~ t q p i o z q ~ a v  p6 o t o L ~ ~ t a ~ b q  &vah6ostq, 
psrptjoay popta~fjq  8yoytp6zqza~ ~ a i  p o p t a ~ 6 v  PapQv ~ a i  cp6opaza ir, 1Hnmr 
~ a i  esr. Oi Guvarbq 60pbq ytb .c6 o d p n h o ~ a  a6rd no6 npoz~ivovrat B6ost r 8 v  nt6 
n6vo x s t p a p a r t ~ 8 v  ~ E ~ O ~ ~ V O V ,  ~ I v a t :  Movopspq N(7)0(6) ~ q h t ~ 6  ~ a i / f j  N(7)0(6) 
6 t p ~ p q  fj ~ 0 h u p ~ p q  o d p n h o ~ a .  
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Chimika Chronika. New Series. 11. 23-29 (1982) 

IIAPACKEYH KAI XAPAKTHPICMOZ ZTHPIZOMENSZN OEEIAIKSZN 
KATAAYTSZN KOBAATIOY, YYHAHC IIEPIEKTIKOTHTAC CE 
KOBAATIO, IIANSZ CE y-AAOYMINA TPOIIOIIOIHMENH ME 
IONTA NATPIOY. 

Crrjv Epyaoia a h r j  pshszr j0q~s fi ErciGpaoq rOv i6vrwv vazpiov o r 6  
~ a z a h v r t ~ 6  o6ozqpa C O ~ O ~ ( ~ ~ % ) / ~ - A ~ ~ O ~ - N ~ .  B p 6 0 q ~ s ,  8r1 oz06q 6000C a%,qoq 
zoi.3 rcspts~opkvou o r 6  cpopka vazpiov rcpoKah&i Ehacppci Pshziwoq tqq Staorcop6q 
rfiq ivspy06 (pcioswq ozrjv kntcpbv~ta z06 i)rcoozpOpatoq. 

Zqpavz t~r j  Pshziooq zqq Gtaorcop&q p6 o d y ~ p o v q  pezrircrwoq zo6 CO" h 6  
zqv bKtas8pt~?j ozrjv r s r p a s 6 p t ~ r j  ouppstpia, rcpoa6hsos fi Gtiyspoq z q ~  
BspFo~pao ia<  &n6 rob< 600 oro6q 7000C. 

Zrq B s p p o ~ p a o i a  r 6 v  7000C cphvq~s,  bzt aUcqoq ro6 rc&pte~6psvou vazpiov 
xpoKaho6os aficqoq rqs 6taorcop6q zo6 CO" EvO o u y ~ p 6 v w ~  rcapspn66t<s 26 
o ~ q p a t t o p 6  CO" . ['R< CO," ovppohi<&zat r 6  CO" ok zezpas8pucrj oup- 
pszpia]. 

Ttb  zrjv Eppqvsia rOv rcaparcavo xapatqprjoswv rcpozboosrat Evaq h h 6 q  
p q ~ a v t o p 6 ~  ~ a i  oxohtb<ovtat oi ouvExatq r 6 v  rcaparcbvo ErctGpbosov ozi< 
KazahutlKi< i 6 t 6 z q r s ~  z6v Gstypbzwv. 

Key words Catalysis/Cobalt-Catalysts/Cobalt-surface speciesly-Al,O, doped Na' 



'H odv0aoq t6v  rpononotqptvov cpopiov Eytvs p8 rq  p80060 ro6 SqpoB 
&lnortopofi (dry impregnation). ZuyKs~ptpiva, napaoKaucio0qvav b 6 a ~ t ~ c i  
Gtahdpara NaNO, 6tacp6pov ouycsvrphosov. X' a6rci &ppanrio0qK~ ptk 
bptopbvq noo6tqra y-bhoupiva~ (Ho Houdry, si6tcq knt(p6vsta: 160m2/g, 6yKoq 
n6pov: 0,45cm3/g). '0 d y ~ o q  r6v Gtahupbzov nod ~pqo tpono t t j 0q~av  qrav 
ncivrozs ' i o o ~  np6q 26 ouvoh t~6  6yco r6v n6pwv rqq y-bhoupivaq. 

"Exatra 8x6 efipavoq 12 dp6v orodq 1000C, rci 6siypara Bsppdrv0qcav 
napouoia 8Epo~  orodq, l 6000C, yt8 12 c3pe~. 



ZTHPIZOMENOI KATAAYTEX KOBAATIOY 

'H  Evan6Osoq rfjq CvepyoO cpaoswq orodq rponoxouqpi:vouq cpopeiq iiyuvs 
Exioqq pi: rq pi0060 TOO SqpoO Epnoz~opoO. Xpqo~ponotTjOq~av 66a~tKk 
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tpou Beckrnan Acta IV, EcpoG~aopivou pi: E@tp~qpa D.R.S. ob O ~ p p o ~ p a o i a  
nsptbahhovroq orljv xepto~f i  800-400nm. Arjo K U W E ~ ~ ~ E S  &xd quartz xpqotpo- 
notrjOq~av (35 6noGoxsiq. 

"Exstra 15x6 ~ovtopronoiqoq ~ a i  oupnisoq rhv Gstypbrov ~ a r a o ~ s u b o e q ~ a v  
( d t o ~ i a , ,  GtapSrpou 8mm ~ a i  nh~ouq Imm. Oi perpTjost~ iiytvav 06 Oeppo~paoia 
6opariou ~pqo~ponothvraq  cpaopatocpwr6psrpo X.P.S. (Vaccum Generators 
ESCA 3). ' H  napapaz t~ f i  6ta61~aoia nod & ~ o h o u ~ l j o a p s  iixst &vacpepOei 06 
xpoqyodpeveq Epyaoiaq2,9. ' H  iiv~aoq rqq ypappqq CO?,, 3 1 2  no6 rTj oupPohi<oup~ 
(35 Co.,, perpl j0q~s &vacpop~~ci pi: r f p  iivraoq rqq 6tnhqq ypappqq AI?,, 1/2,1/2 no6 
rq o ~ p ~ o h i < o u p s  (35 Al:,,. Cqpethvoups t 6  hdyo Co?,,/AI?,, (35 R( ,,.P. A6765 dvat  
&vahoyoq tqq 6taoxopbq TOO ~opahr iou  orljv Ex~cpc'~vsta roF c p ~ p i a ~ , ~ .  

' H  ~ i ~ 6 v a  naptor6vst r6  cpciopa~a D.R.S. r6v Na-X-600-CO-700-6 ~ c l i  Na-X- 
600-CO-600-12 pi: X=0,9, 3,6 ~ a i  5,7. 

' H  Eppqvsia r6v cpaophov a b 6 v  orqpi<srat 06 ~ L ~ ~ V ~ O T L K ~  ~p t r l jp ta  no6 
Ppio~oupe orlj ~t~htoYPacpial-" .  Cdpcpova pi: a6r6 Evaq dpoq o ra  = 750 ~ a i  
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6 ~ r a e 6 p t ~ r j  oupparpia. Cuv~n6q i)x06qhhvouv rjlv napouoia CO@,. 'An6 rqv 
6hhq nheupci 4 bpcpdvtoq ptbq tptnhfjq ydpo or6  600nm dLxoGst~v6~1 rljv 
xapouoia CO" o i  rsrpae6p1~tj ouppsrpia. ' H  6xapEq rszpas6p1~06 ~oPaht iou  
I5xoGiGsrat <ire or6 oxqpatlop6 k x t r a ~ t a ~ o 0  oxtvshiou CoAI20,, <irs orfi 
6 tb~uoq  thv  i6vtwv CO" np65 r6 Eoorept~6  rqq y-Al,O, ~ a i  rljv KaTahqtyq 



Ei~dva: 9dupara Graxdrou drva~Admoq r6v  ~araAur6v. xo6 xapau~~udueq~av: ( I )  Nu-X-600-CO-600-12. 
(X:0.9, 3.6 ~ a i  5.7). (2) Nu-5. 7-600-CO-700-6 (3) NU-3.6-600-CO- 700-6. (4) Nu-0. 9-600-CO-700-6 

Zr6v n i v a ~ a  &vaypbcpovzat oi ztpf5 Rcozp ytb zb n~ptoobzspa 8n6 zci 
Ssiypaza rob napao~subo0q~av.  Oi rtpfq adrL< b n o ~  &vacpLpOq~&, dvat pfrpa 
z q ~  staonopfi~ to6 CO'+ ozrjv tatcpbvsta zofi cpopfa. 
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pavoq o r o d ~  7000C 6i:v Bvaptvovrat ~ a i  x p t n ~ t  v6 oxohtao000v. 

"0nwq 6vacpi:pap~ xapan6vo, aiikqoq r f j ~  O~ppo~paoiaq 6x6 rod< h00 oroiq 
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Entrakt~6 ontvi:hto CoA1204 peykhqq 6taonop&5, 

fj/#ai ~ a h 6 q  FtaoxappEvo Co704.  
c0704 

n h & y p a r ~ ~ 6  col2+ 



Abstract 

Preparation and Characterization of high perccnta<qe Cobalt Oxide Camlysrs 
supported on y-A120, modified with the sodium ions. 

The effects of sodium ions on the Co:O, (12%)/y-Al,O:-Na catalytic system 
have been studied. It  was found that an increase of sodium content causes a slight 
improvement in the disperesion of CO" species for the samples heated a t  600•‹C. 

A rise of calcination temperature from 600 to 700•‹C brought about a 
considerable increase of the cobalt dispersion together with a transition of CO:' 

from octahedral to tetrahedral coordination symmetry. 
At 700•‹C, it was observed t h a t  an increase of sodium content provokes two 

effects: An increase of the cobalt dispersion and an inhibition of the formation of 
tetrahedral CO" . 

A mechanism to take into account the above observations has been proposed. 
The practical consequences, from the point of view of catalysis. have been 

mentioned. 
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'H-NMR -SPEKTROSKOPISCHE UNTERSUCHUNC DER 
BINDUNCSVERHALTNISSE IM DIMETHYLBIS(CYCLOPENTAD1E- 
NY L)SILAN. 

H A R T M ~ J T  K ~ P F  U N D  NIKOLAOS KLOIJRAS 
1n.vlirut f i r  Anot::.onirc/7c untl Anoi\.ri.rche Chcntic tlcr Tcchnirchrn Universiral Berlin. 0-1000 Rcrlin 12. 
l~cwrvchluntl 

(Rcccivctl April 6. 1981) 

Summary 

The 'H-NMR spectrum of Me,SiCp, determined at various temperatures is reported 
and discussed in terms of metallotropic and prototropic rearrangements. 

Key words: D,imcthylhis(cyclopentadienyl)silan. synthesis. 'H -NMR spectral da ta .  structure 

Von den Cyclopentadienylsilanen ist Me,SiCp die meist untersuchte,Verbin- 
dung. Das grosse Interesse fiir diese Substanz riihrt von ihren temperaturabhan- 
gigen 'M-NMR-Spektren her. die zur Deutung der Si-Cp-Bindung herangezogen 
wcrdeni-:. Me,SiCp, wurde als erstes Bis(cyclopentadienyl)silan 1953 von K.C. 
Frisch nach dem Grignardverfahren hergestellt4.': . 

Me,SiCI, + 2 CpMgBr - Me,SiCp, + 2 MgClBr 

Eine giinstigere Methode (kurze Darstellungszeit und bessere Ausbeuten) zur 
Synthese von Me,SiCp, stellt sich die Rqaktion von Me,SiCI, mit CpLi oder CpNa 
in Petrolether heraus7: 

Me,SiCI, + 2 CpNa - Me,SiCp, + 2 NaCl 

Von der in der ~iteratur'-" nur sparlich charakterisierten Verbindung 
Me,SiCp, wurde erstmals ein 'H-NMR-Spektrum bei verschiedenen Temperaturen 
vermessen. In der vorliegenden Arbeit werden die Bindungsverhaltnisse im 
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Dimethylbis(cyclopentadienyl)silan mit Hilfe der 'H-NMR-Spektroskopie unter- 
sucht. 

Experimenteller Teil 

Alle Arbeiten wurden unter strengem Ausschluss von Sa~ierstoff und 
Feuchtigkeit durchgefuhrt. Die verwendeten Glasapparaturen wurden ausgeheizt 
und mit nachgereinigtem Argon gespult. Die Entfernung von Snueritoffspuren im 
Argon erfolgte durch einen ca, 140•‹C heissen BTS-Katalysator. vorhandene 
Feuchtigkeit wurde durch Calciumchlorid. Silicagel und Phosphorpentoxid 
beseitigt. 'H-NMR-Spektren wurden an  den Geraten A60 und XLlO0 der Firma 
Varian aufgenommen: angegebene Werte sind auf den Standard SiMe, umgere- 
chnet. 

Ver~~rnclete Abkurzungen. 

R = organischer Rest, Me = C H I .  C p  = C,H< (cyclopentadienyl) M = Metall. E = 
Element. T H F  = Tetrahydrofuran, PE = Petrolether. i.V. = im Vakuum. 

Zu 24.4 g (101.7 mmol-) NaH (+2057 Paraffinol) in 450 ml PE und 50 ml T H F  
werden bei 20•‹C unter mechanischem Ruhren 90 ml (109.5 mmol) durch Cracken 
des Dimeren frisch hergestelltes C p H  innerhalb 1 h lugetropft. Nach Zugabc von 
ca. 20 ml C p H  kommt die Reaktion unter Gasentwickiung und Selbsterwlirmung in 
Gang und wird erfordenlichenfalls durch Kuhlung mit einem Wasserbad gemassigt. 
Die anfanglich graue NaH-Suspension wird durch Bildung von CpNa voluminoser 
und nimmt einen beigen Farbton an.  Zur Vervollstandigung der Reaktion wird 
mehrere Stunden weiter geruhrt und anschliessend mit einem 40"C heissen 
Wasserbad nochmals zum Sieden erwarmt. Nach Abset~enlassen des Niederschlags 
wird die Hauptmenge der uberstehenden Losung abgehebert. Der Ruckstand wird 
auf die gleiche Weise zweimal mit je 200 ml PE gewaschen und im Olvakuum von 
Losungsmittelresten befreit. Dabei wird gegen Ende gelinde erwarmt und der 
Kolben geschuttelt. bis sich die Krusten von der Wand abgelost haben und CpNa 
als feines. leichtbewegliches Pulver vorliegt. das im Schlenkkolben in1 Dunkeln 
aufbewahrt wird. Ausbeute: 86 g (9657) bezogen auf das NaH. 

Dar.stcllun~ von Dimcthylhis(cyc/opcntnrlienyl).silnn 

24 ml (200 mmol) Me2SiCI2 werden bei 20•‹C unter mechanischem Ruhren zu 
35.2 g (400 mmol) CpNa in 400 ml PE in einem Guss zugegeben. Die Mischung 
kommt durch Selbsterwarmung zum Sieden. 

Man lasst ohne aussere Warmezufuhr Ca. 45 min unter Rucktluss kochen und 
noch 2 h bei 20" C weiterruhren. Nach Absetzenlassen des entstandenen 
Niederschlags wird dieser in einer Umkehrfritte abgetrennt. mit 200 ml PE 
gewaschen und das gelbe. klare Filtrat i.V. auf Ca. 60 ml eingeengt. Man destilliert 
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das schwach rote Konzentrat uber eine Mikrodestille und erhalt bei 60-7O0C/10 
Torr 23 g (61% Ausbeute) Me,SiCp? als wasserklare Flussigkeit. 

Diskussion der Ergebnisse 

Me,SiCp, stellt eine hochsiedende Flussigkeit von eigenqrtigem, angenehmen 
Geruch dar,  die nach kurzem Stehen an  der Luft braun und olig wird. Unter 
Schutzgas und bei tiefer Temperatur ist sie fur ein paar Tage stabil. Das  Vorliegen 
von Me,SiCp2 wird durch Siedepunktsvergleich mit LiteraturangabenJ.', negativen 
Cl-Test sowie durch das 'H-NMR-Spektrum gesichert. 

Rein ionisch gebundene Cp-Ringe zeigen wegen der magnetischen Gleichwer- 
tigkeit der funf Protonen im D<,,-symmetrischen C5H5-Anion ein einziges 
Protonenresonanzsignal (z.B. CpNa in T H F  r=4,I ppm). Ebenso fallen beim T- 

komplexgebundenen Cp-Ring auch bei Koordination an ein Zentralatom mit 
unsymmetrischer Umgebung wegen der freien Drehbarkeit um die M-C,H5- 
Bindungsachse die Signale der funf Protonen immer zusammen (z. B. Cp,TiCI, in 
CDCI, ~ 3 . 4 5  ppm). Streng o-gebundene Cp-Ringe ohne Bindungsfluktuation 
weisen hingegen in der Struktur ( Y )  (Abb. 1)  das komplexe Signalmuster eines 
AA"BB'X-Problems auf. das aus den Signalgruppen AA'BB' und X im 
Intensitatsverhaltnis 4:l besteht. so dass diese in den Organoelementcyclopenta- 
dienylen erwartete Bindungsweise NMR-spektroskopisch erkannt werden kann. 

Die Verhaltnisse werden allerdings in Wirklichkeit dadurch kompliziert. dass 
das Element E am Cp-Ring nicht nur wie in (I) in 5-Stellung. sondern auch in 
weiteren tautomeren Formen (TI) und (111) in I -  bzw. 2-Stellung gebunden sein 
kann'.x.'. Die Signalgruppen ABC und X: der hier erwarteten ABCX,-Systeme 
haben hier die relative Intensitat 3:2. 

Fur das Me?SiCp, sind sogar maximal 6 Tautomere (W)-(IX) denkbar: 

Abb. 2. Denkbare Tautomere bei Or~~anoelernenthis(cyclopentariienylen) 
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Als Intensitatsverhaltnis der Signdle von gesattigten und ungesattigten 
Protonen erwartet man fur ( W )  2:8. fur (V) und (VI) 3:7 und fur (VII). (VIII) und 
(IX) 4:6. 

Zuweilen wird jedoch auch fur o-gebundene Cp-Ringe bei 20"C ein 
Koaleszenzphanomen und bei erhohter Temperatur ein einziges scharfes Signal fur 
samtliche Ringprotonen .beobachtet'-','. Dieses Phanomen. das nur beim Tauto- 
meren (I)  auftritt, wird durch eine 1.2-Verschiebung von E am Cp-Ring nach Abb. 
3 erklart (Valenztautomerie, Metallotropie), deren Geschwindigkeit mit der 
Temperatur starker zunimmt als die Umlagerung der Tautomeren (I)-(111) 
ineinander (Prototropie). 

Abb. 4 bringt das 'H-NMR-Spektrum von Me,SiCpz bei 20•‹C (ohne 
Losungsmittel, 60 MHz). das verglichen mit dem entsprechenden von Me,SiCp' 
grundsatzlich die gleichen Signale zeigt. Auffallend ist das Mehrliniensignal der 
Methylgruppen auch im frisch destillierten Produkt. was auf die unterschiedliche. 
chemischen Verschiebungen der Methylgruppen in den verschiedenen Tautomeren 
(W)-(IX) zuruckzufuhren ist. Theoretisch wurde man, entsprechend dem Vorliegen 
von sechs denkbaren Prototropen Formen, sechs Linien fur die Methylgruppen 
erwarten, die im Falle eines 1:1 Mengenverhaltnisses gleicher Intensitat sein 
mussten. In Wirklichkeit treten zwei fast gleich intensive Signale (a und b) auf und 
4 kleinere rechts und links der Hauptsignale. Dies bedeutet, dass im Gleichgewicht 
(Abb. 2) zwei Tautomere bevorzugt gebildet werden. Eine Zuordnung dieser Linien 
zu den einzelnen Isomeren ist. aus den gleichen Grunden wie beim CH,Cp,X, 
schwierig wenn nicht unmoglich. Jedoch kann man in Analogie zu Me,SiCpl 
annehmen, dass der intensivste Methyl-Peak (a)  (Abb. 4) dem Tautomeren (TV) 

Ahh. 4. 'H-NMR-Spektrum von MeJiCp,. 
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gehort, wahrend fur das zweitgrosste Methylsignal (b) das Isomere (V) am 
wahrscheinlichsten ist. 

Bei Temperaturerhohung treten ahnliche Phanomene auf wie im Falle des 
Me,SiCpl (Abb. 5). Ein Teil des Signalmusters e und das breite Signal d verschieben 
sich zu ihrem Schwerpunkt hin und bilden dort bei 1 lO0C das Signal e f d .  Mit 
zunehmender Koaleszenz des temperaturabhangigen Teils des Signals e kommt 
dadurch ein kleineres, temperaturstabiles Signal f ,  mit ausgepragter Feinstruktur 
zum Vorschein (ab 70•‹C). Es ist also anzunehmen, dass das-den ungesattigten CH- 
Gruppen der in 5-Stellung substituierten metallotropen Ringe in den Tautomeren 
( W )  (hauptsachlich), (V) und (VI) zugeordnete - Multiplett e das entsprechende 
Signal f ,  der 1- bzw. Zsubstituierten Ringe in den Tautomeren (V)-(IX) uberdeckt. 
Das triplettartige Signal f ,  das bei diesen Messungen fast unverandert bleibt, ist 
auch den olefinischen CH-Protonen der I-bzw. Zsubstituierten Ringe in (V)-(IX) 
zuzuordnen. Das Signal C bleibt, wie zu erwarten, grundsatzlich unverandert 
(lediglich seine Struktur wird etwas feiner). Bei den Methylsignalen verandert sich 
die Intensitat, so dass bei I IO•‹C die Signale b , ,  b, ,..... fast gleich gross wie a werden. 
was fur eine Verschiebung im Gleichgewicht (Abb. 2) nach rechts spricht. 

Abb. 5 .  'H-NMR-Spektren von MelSiCpl bei vecrchieclenen Temperaturen. 

Zusammenfassend kann man feststellen, dass auch fur das Dimethylbis(cyclo- 
pentadieny1)silan sowohl Silicotropie, als auch Prototropie gleichzeitig stattfinden. 
Die Silicotropie fuhrt durch die Wanderung der Si-C-Bindung zu Molekulen (X)- 
(XII), die untereinander identisch sind; sie zeigt sich durch das reversibel 
temperaturabhangige 'H-NMR-Spektrum an.  Die Prototropie (Abb. 1) verlauft 
nicht rasch genug, um reversibel temperaturabhangige NMR-Ergebnisse zu 
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verursachen. Folglich werden die einzelnen Resonanzsignale von Me2SiCp2 wie in 
Tab. 1 zugeordnet. 

TAB E L L E I. Zuordnung der ' H - N M R - S ~ ~ I ~ I ~  von Me, SiCp, . 

Peak T ~ ~ ~ ~ I  Zuordnung Tautomere (s. Abb. 2) 

a 10.01 Me'Si ([V) 
b 9.68 (V)  
b, .  b' .... 9.47. 9.75 (VI)-(IX) 
C 7.10 gesattigte C H  I-bzw. 2-CiHI(V)-(IX) 
d 6.65 5-C,H, (IV) und (V). (Vl i  
e 3.53 ungesattig. C H  •â W 

fl 3.53 
f  3.17 I-bzw. 2-C,HI (V)-(IX) 

'H-NMR . @ a a , u a z o a ~ o n z ~ ~  Epevva TWV oxEaeov GeopoU an5 B I ~ E ~ V A O G I ( K V K A O -  
nevra~revvAo)cnA~v~o. 

L' a h q  tfiv Epyaaiol EpsuvOvzar p6 zq pofieeta qaoparov X V ~ ~ V ~ K O P  
payvqz i~o6  ouvrovtopo6, hq<p&vzov 06 6tau>opezi~6< @&ppo~paoi&< oi  0 x 6 0 ~ ~ ~  
TOU Geop06 Si-Cp mIjv Evooq Me,SiCp,. Tt6 rqv Eppqveia zOv cpaop6~wv aUrWv 
xpozeivovzai 660 pqxavtopoi: 

CL) 7) petahhotponia ( E ~ K .  31, 7) 6xoia h%p t i j ~  o u v & ~ 0 6 <  p & t a e 6 0 ~ ~ <  706 
G~opoU Si-@ OGqyei 06 zavz6aqpa p6ptn Kai P) 7) xpotorpoxia ( E ~ K .  I ) ,  7) 6xoia 
hapskvet x h p a  r a u z 6 ~ p o v a  p6 -cfl p~zahhorpoxia  bhhk pi: yt~p6.repq 6x6 afizfi 
r a p h q z a  p6 &xozEh~<~pa V& pq n a p 6 p t  ~ a z k  tp6no b v n 0 t p ~ x z O  q60paza 'H- 
NMR E~apzCpeva an6 zIj B q p o ~ p a o i a  6x05 7) pezahhotpoxia. 
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Summary 

The Far-IR spectra (350-50 cm-') of some complexes of the types [Py,H] [ZnX,Py]. 
[Py,H] [Cdl,Py]. [An,H],[CdI,], [Qu,H] [HgT,] (X  = Cl. Br. I. Py = pyridine. An = aniline. 
Qu = quinoline) have been recorded in the solid state at room temperature. Structure-spectra 
correlations have been found for the complexes. The spectra of the pyridine complexes show 

-that pyridinetrihalogenometallate (11) anions possess C3,, symmetry. 
An associated anionic structure is present in HHg13.2Qu. while in the tetraiodocadmate 

(11) the cadmium atom is tetrahedrally coordinated to the iodine. The relationship of the 
numbers of v(MX) and v(ML) vibrations and their frequencies to  the stereochemistries of the 
complex anions is outlined. The spectroscopic results of the pyridine compounds. 
particularly in the 3p region are compatible with. and lend support to. outer spheres 
comprising (N-H---N)' groups. 

Key words: Far-IR Spectra. Pyridinetrihalogenozincate (If). Pyridinetri-iodocadmate (11). Tetraio- 
docadmate (11). Tri-iodomercurate (H). 

Abbreviations 

X = Cl, Br, I 
Py = pyridine 
An = aniline 
Qu = Quinoline 

B = pyridine, aniline, quinoline etc 
M= metal atom of Group IIB 

L= neutral ligand 
R= Me. Et or  Bun 
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Introduction 

Dur ing  the last few years o u r  department 's  interest was centered o n  the 
compounds  of the simple a n d  mixed haloacids of  the G r o u p  IIB metals with Lewis 
organic bases (1-91 (a representative selection o f  references is given). 

Preparative work. vjbrational spectroscopy. electronic spectroscopy. powder 
methods a n d  conductometr ic  measurements  have established the existence o f  these 
complexes. With the  aid of  these techniques. we have shown that .  in the solid state. 
the  compounds  of the simple complex haloacids of  the metal ions of  the  G r o u p  IIB 
have inner spheres of the forms [MX,]-. [MX,B1-. [ M X J a n d  [MX,B212-. where X 
= halogen a n d  B = pyridine, aniline. quinoline etc. As ou te r  spheres appear  the  
cations of  the types BH' o r  (BHB)'. 

However ,  several problems still remain-and there a r e  s o m e  aspects in o u r  
previous work which a re  not wholly satisfactory: 

a )  Because of difficulties in obtaining samples suitable for  single-crystal X-ray 
diffraction. definite structural da ta  o n  these systems a r e  not c o m m o n .  

b )  T h e  completely filled d-sublevel precludes deduct ion of  coordinat ion 
geometry by study of visible spectra o r  magnetic properties. 

c )  SO fa r  we have accepted the  view that  the aforementioned complex anions 
a re  monomers.  Polymeric structures, however. cannot  be ruled out.  since anionic 
complexes of Cd(II).=nd HgfI I ) ,  having in addi t ion t o  others. halogens a s  ligands. 
show a notable  a n d  much varied s t r l lc t~iral  behavior [In-161.' 

d )  Apart  f rom relatively minor  (but  in s o m e  respects still qui te  worrying) 
variations in wavenumbers observed for  corresponding bands by different authors .  
there a r e  some instances of great discrepancy. viz the v (CdN)  assignments FX.9.17- 
211. 

e )  There appears  t o  be a dependence o f  v ( M N )  o n  coordinat ion geometry [19]. 
which requires substantiation. 

f )  T h e  da ta  on  the [ H g I , ]  complexes cast doubt  o n  some of  the v(Hg1) 
assignments [ 11. There a re  evidences for  monomeric  o r  iodine-bridged associated 
anions depending o n  .the cation 1141. 

g)  Nearly all o u r  previous IR studies were restricted t o  the spectral range 
above  250 cm-'.  whereas diagnostic information is t o  be found  in the 250-100 cm- '  
region. 

In o rder  t o  help clarify some of these points,  particularly c,d a n d  f. we have 
undertaken a detailed Far-IR investigation of  the  complexes HZnX,.3Py.  
HCdI, .3Py.  H2CdI,.4An a n d  HHgI, .2Qu.  which may be regarded a s  the  "model 
systems" f o r  the [MX,]-. [MX,Bl- a n d  [MX,12- series. Low-frequency vibrational 
spectroscopy is the most a m e n a b l e -  technique for  determining their skeletal 
structures. 

The  majority o f  L-M-X complexes give rise to  three types of  characteristic 
vibrations. namely. the internal modes of the ligand. metal-ligand a n d  metal- 
halogen vibrations. T h e  degree of  interaction of  these modes will vary f rom 
compound t o  compound.  bu t  separation into these groups  is a reasonable 
generalization. In the majority of  these complexes. the metal-halogen vibration 
gives rise t o  the most intense features of  the  spectrum. T h e  number  of  M-X peaks 
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and their position in the spectrum will be dependent on a variety of factors, such as 
oxidation state. coordination number and mass of the central metal, stoichiometry, 
terminal or bridging bonding and stereochemistry [22-241; withchargedcomplex 
species, there may also be a dependence of v(MX) on the counterion [22]. The 
v(MN) modes in many inorganic systems may not ,involve pure stretching motions, 
because of the possibility of coupling stretching vibrations with bending vibrations. 
and also with other stretching modes of the same symmetry. Metal-halogen 
bending modes occur below 200 cm-' in the main (often below 100 cm-') and are 
thus less likely to be of value to the inorganic chemist than stretching modes, partly 
because of the difficulty in distinguishing them from lattice vibrations. 

In this paper we also include a spectroscopic study of the [ P y , ~ ] +  group.. since 
compounds with (N-H---N)' bonding have attracted the attention of investigators 
recently [25]. 

Experimental 

All the Zn(I1) and Cd(I1) complexes studied in the present work have been 
described previously and were prepared similarly [4, 81. The preparation of the new 
compound HHgI,.2Qu (brown crystalline solid, decomposition range 65-75' C,  
yield 70%) was analogous to that of the corresponding pyridine [5] and aniline [l] 
complexes. 

Analysis [%l for H H K I ~ . ~ Q U  

Calcd H' 0.12 Hg 23.86 I 45.29 Qu 30.73, 
Found M' 0.13 Hg 24.15 I 45.01 Qu 29.97. 
For ca. 10-' M solutions at 25O C: 
An, (C,H,OH) = 42 and AM (CH,NO,) = 97 S cm2 mol-l. 

Far-IR spectra were recorded as Nujol mulls supported between polyethylene 
sheets in Perkin Elmer-Hitachi FIS-3 and Polyjec FIR 30 spectrophotometers, at  
room temperature. The instruments and procedures for the other physicochemical 
measurements have been described in detail [7, 81. 

Results, Assignments and Discussion 

The study of the analytical data, stability tests, IR spectra (4000-250 cm-'), UV 
spectra, X-ray powder spectra and conductometric data [4. 81 brings forth strong 
indications that, in the solid state, the complexes in question may be represented by 
the formulae [P~,H]' [ZnX,Py]-, [Py,H]+ [CdI,Py]-, [A~,H],'+ [c~I,]'- and 
[Qu,Hli [HgI;l-. 

Pyridinetrihalogenozincate(II), pyridinetri-iodocadmate(I1) and retraiodocadmate(II) 
ions 

Two general classes of monomeric tetrahedral Zn(I1) and Cd(I1) compounds 
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are known. The first class includes the truly tetrahedral ones. [MX,12-. where all 
four ligands are the same. The second general class embraces those which may be 
called pseudotetrahedral. The latter have four ligands at about or. perhaps by 
chance, exactly at the apices of a tetrahedron surrounding the M(I1) ion. but two or  
more different kinds of ligands are present. Of the three cases involvning 2 kinds of 
ligands which are in principal possible. viz.. [LMX;]-. (L,MX,l and [L,Mx]'. where 
L is a neutral ligand and X an anion. only the second has previously well been 
realized. 

Pseudotetrahedral complexes A [ZnX,L] have been prepared and studied by 
Far-IR spectroscopy 126. 271 where L is pyridine, cc-picoline. triphenyl phosphine 
and A tetraethylammonium. N-alkylpyridinium. but have not previously been 
reported for cadmium. 

The vibrational representation of an [MX,L]- anion [28] is F, = 3Al + 3E and 
these ions should give rise to six IR-active skeletal vibrations 1261. Assuming that 
the ligand ects as a point mass, the three A ,  modes are designated as  \,,(MX,). 
v,(ML) and the symmetric deformation. while the three E modes are v,l(MX:). 
G,i(MX,) [XMX scissorsl and W,' [wagging of L. perpendicular to the MX: axis] ( S  = 
symmetric. d = degenerate). The C, axis of pyridine cannot. however. be reconciled 
with the C: axis of the MX: group and. therefore. deviations from the predicted 
spectra are to be expected 1261. In addition. since all the complexes were examined 
in the solid state. interaction may give rise to additional splittings. 

The Far-IR spectra of salts of composition [Py,H] [MX,Pyl as  solids are 
reported in Table I. Features a t  < 350 cm-' are listed, since it was clear that 
fundamentals of pyridine occurred above this wavenumber. Assignments have been 
made by noting: (i) the positions of internal modes of pyridine. ( i i )  bands 
principally dependent on  the halogen, ( i i i )  the variation in band position with 
changing metal in the [MI,P<]- ions. and (iv) the reports of references 1 1 ,  15. 19. 
20, 24, 26. 27 and 29. The most characteristic feature of the Far-IR spectra of Zn(I1) 
complexes is the appearance of two high-wavenumber bands which are at lower 
wavenumbers for the bromide and iodide than for the corresponding chloride by 
amounts given by  bromide) / v (chloride) -- 0.76 and  iodide) / v (chloride) 
= 0.65. These ratios are comparable to  those found [23. 301 for other tetrahedral 
complexes of Zn(I1) and imply that the origin of the bands is in vibrations involving 
stretching motion of the halide groups, For the Zn(I1) complexes the metal-halogen 
stretching frequencies are observed to  occur about 25 cm-' lower than those of the 
corresponding diligand complex z ~ x , . ~ P ?  ~ 2 3 .  29. 31. 321 and are in turn about 30 
cm-' higher than the metal-halide asymmetric stretch [30, 33. 341 in the complex 
halide ion [z~x,]'- able 111). The v(ZnX) and v(Cd1) modes are also much higher 
than would be expected for M-X-M bridging frequencies 115.261. It is clear that the 
positions of metal-halide stretching frequencies distinguish between a complex 
[Py,H] [MX,Py] and an equimolar mixture of MX,.2Py and [Py,HII [MX,]. The 
v(ZnN) bands are not significantly shifted when chlorine is replaced by bromine in 
the complexes. so in these cases there is .little coupling with the v(ZnX) modes. 
Three bands. a t  213. 199 and 192 cm-', are observed in the expected region of 
v,(ZnN) in the spectrum of [ZnCI,Py]-. instead of the predicted singlet; we suggest 



Table I. ~ a r - I R ~  assignments (350-50 cm-' ) for pyridinetrihalogenometallate salts 

E - X = C 1  X = Br. X = I  

Other bands 101 sh, 59 m 120 w,57 W 60 wbr 187 m, 97 m, 88 m 

a~ata obtained at room temperature. b ~ o t  observed owing to ghost peak.  ay be Zn-N. 
\ 

d ~ a y  be Zn-I. s = strong, m = medium, W = weak, br = broad, sh = shqulder. 
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Table 111. Comparison of vb4X) IR assignments for Cl", 
C3v and Td complexes of Zn(IIJ and CdCII). 

Complex Structure v (MX) a Reference 
Limit of 

study [cm-'] 

Tetrahedral b 

Pseudotetrahedral d 

Pseudotetrahedral d 

Tetrahedral f 

Pseudotetrahedral d 

Pseudotetrahedral d 

Tetrahedral f 

Pseudotetrahedral d 

Pseudotetrahedral d 

Tetrahedral f 

Tetrahedral d 

Tetrahedral b 

Pseudotetrahedral d 

Tetrahedral d 

Tetrahedral d 

a ~ l l  values refer to data obtained at room temperature. b ~ h e  structures 

of these complexes have been determined by X-ray studies: 2nc12'2Py C401 

and Cd12.2An PI]. C~ssiqnments have been made by multiple isotopic la- 

belling. d~tructure deduced from Far-IR spectral analysis. e~resent 

work. 'A considerable number of salts of tetrahedral tetrahalogenozincates 

has been examined by X-rays; see c341 and references cited therein., 

'structure deduced from v(MX) positions. %ay be v(MN). py-pr = N-n-propyl- 

pyridinim. 
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that this is due to  Fermi resonance between 2w,1 and/or 26,1 (ZnCI,). It is recognised 
that these assignments place v (CdN) as  low as 108 cm-' but. as  Goldstein and 
Hughes [20] pointed out. this is fully compatible with the relatively high values for 
v(Cd1). For [ZnI,Py]- the v(Zn1) come close to the v(ZnN) modes and the 
interpretation of the region around 190 cm-' is not clear. It is interesting that the 
highest v(MN) frequency in a [MX,Py]- ion is always lower than the highest v(MN) 
frequency in a corresponding MX,.2Py (C,,) complex [20. 21. 23. 26. 3 1.  321. This 
has been observed previously in other species. for example O,SF, and FS0,- .  where 
S-F frequencies show a similar relationship 1261. Up  to  three other bands are found 
in the spectra. which do not correlate readily through the series. These bands are 
likely to  comprise G(NMX) and 6(MX) modes. although those at lower 
wavenumbers may involve lattice modes. 

In all the [MX,Py]- complexes examined the Far-IR spectra clearly support 
formulation as  Cl, pseudotetrahedral anions; these species are intermediate in type 
between MX,.2Py complexes and [MX,12- ions. On the 'basis  that local C:, 
symmetry is operative for the [ M X , P y ]  species. the anions are assumed to  be 
sufficiently separated by the large [P~,H] '  ions that intermolecular coupling of 
vibrational motions can be ignored. 

IR and Raman spectra of solid ditetra-alkylammonium tetraiodocadmates 
[R,N],[CdI,] (R = Me. Et or  Bun) have been interpreted on the basis of tetrahedral 
[c~I,]'- ions [ l  l]. Goggin and his co-workers 1151 observed that in some of the 
solid-state spectra of [c~x,]'- there is evidence of splitting of degenerate vibrations 
and environmentally induced IR activity of the symmetric breathing mode. 

The low-frequency tetraiodocadmate spectrum showed similarity with the 
spectra of similar compounds in the solid state [ l l .  15) and the observed 
frequencies have therefore been assigned on the same basis. namely that the 
tetrahedral [ c ~ I , ] '  ion (point - group T,I) is present (Table 11). The normal 
vibrations may be represented by ~ , ( T , I )  = A ,  + E + 2T,. with the A , .  E a!np,T, 
symmetry species being Raman-active. while only the T, modes (one stretchink and' 
one bending) are IR-active. 

The absorption present a t  203 cm-' requires some additional discussion. An 
internal mode of aniline is expected in the spectral region under study. namely. a 
substituent-sensitive mode of the aromatic ring 1191. found in the Raman spectrum 
of the free ligand at 233 cm-' [35]. Whereas this band has been assigned [29] a t  205 
and 225 cm-' in the spectrum of ZnCI,.2An, described as  y (ring), it is not  apparent^ 

in the spectra of M(NCS),.2An species (M = Co. Ni; Cu. Zn) [36]. nor (at least 
above 200 cm-') in the spectia of other halide complexes 121, 37-39]. The band a t  
203 cm-' is clearly too high in wavenumber to  be v(Cd1). We tentatively assign this 
band to  an aniline mode. The alternative of assigning the same feature t o  a 
combination band cannot be ruled out. It might have been expected that the T, 
vibration would be split in the crystal from either o r  both of two possible sources. 

First. any deviations from perfectly tetrahedral symmetry remove the triple 
degeneracy: and secondly. the next nearest (and other) neighbour interactions in 
the crystal which. toge.t.her with the primary coordination sphere, decide the site 
symm-try of the ion will again cause removal of the degeneracy in all but very 



Table 11. Assignmentsa of IR frequencies (350-50 cm-') observed for solid 

[A~~H] [c~IJ On the assumption of tetrahedral symmetry. 

Y (ring) 
b Other bandse 

203 S 149 m 135 S 75 m f 122 wbr 90 W 52 m 

a~ata obtained at room temperature. b~ailay be a combination band (149 + 52). 
'stretching mode. d~ending mode. e~attice vibrations are expected to occur 

<50 cm-' 057 . 'see text. S = strong, m = medium, W = weak, br = broad. 
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The tri-ion'omercurrrte(I!) ion 

The characteristic coordination numbers and stereochemical arrangements of 
the divalent mercury ion are two-coordinate linear and four-coordinate tetrahedral. 
In addition to these. octahedral and five-coordination are also known. Coordina- 
tion number three is rather rare for mercury (11): it is known in some systems. but 
the species are anionic. 

The [ H g I , ]  ion has been known for a long time 142-481. In the only tri- 
iodomercurate(I1) whose crystal structure has been determined. [SMe,] [Hgl,]. 
approximately trigonal planar anions are loosely linked by long iodine contacts to  
give a trigonal - bipyramidal environment for each mercury atom 1491. Hooper and 
James studied the vibrational spectra of crystalline tri-iodomercurate(I1) salts and 
reported bridging modes ~ ( H g l ) ~  [IO]. Goldstein and Barr [l41 carried out a 
systematic study of the Far-IR and Raman spectra. in the solid state. of the salts of  
the type A[HgI,] (A = SMe,. Me,N. Et,N. n-Bu,N). They proved that the weak 
iodine bridging. found in the crystal structure of [SMe,] [Hgl,]  can be disregarded 
in qualitative interpretation of the vibrational data: they interpreted the spectrum 
of [Me,N] [HgI,] in terms of monomeric anionic structure. while the spectra of the 
remaining two were indicative of strongly iodine-bridged anions. In a previous 
paper [ l ] .  we have carried out  a Far-IR study of the pyridine and aniline 
compounds of the acid HHgI,. in the solid state. We are extending this study to the 
quinoline compound. with the purpose of verifying whether in this complcx exist 
monomeric anionic units [ H g I , ]  or  iodine-bridged associated anions. 

There are two possible monomeric structures for the [ H g I , ]  ion. This ion can 
be described in terms of the C;, (pyramidal) o r  D,,, (planar) point groups. The 
selection rules for a planar XY; species of D:,, point group symmetry are A ,  ' + 
A ? ' '  + 2E '  [50]. The symmetrical stretching mode (A ,  ' )  is Raman-active but IR- 
inactive; the XY, out-of-plane deformation mode A, '  ' is Raman-forbidden but IR- 
active. The two E '  modes, v,,,,,(XY) and 6 (YXY). are Raman- and IR-active. The 
selection rules for a pyramidal XY, species of C3, point group symmetry are 2A, + 
2E 1501. The four fundamentals are each allowed both in the Raman and IR. 

All the observed bands in the region 200-20 cm-' are given in Table IV. The 
appearance of ~ ( H g l ) , ,  bands convinces us that the spectrum seems incompatible 
with a p ~ a n a r b r  pyramidal [HgI,]- skeleton. but it can be exnlained on the basis of 
iodine-bridged anions. while the complex still contain terminal Hg-I bonds. The 
band centered on 91 cm-' is very broad and may well be a result in part of some 
type of bridging stretch. The bands a t  101 and 91 cm-', assigned as v(HgI),,. are 
clearly of complex origin. but their wavenumbers warrant such description rather 
than as  translatory lattice modes [14]. The considerable complexity of the Far-IR 
spectrum may well indicate that the bridging interactions are largely ionic in nature 
[IO]. It is probable that the spectrum can be assigned on the basis of a C,, unit in 
which the bridging interaction appears t o  be important. The spectrum of the 
present salt shows four bands in the region appropriate to  HgI stretching (the high- 
frequency bands may be reasonably [ l .  10. l41 assigned to  asymmetric and 
symmetric term-inal stretching vibrations). The same applies to  the corresponding 
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aniline complex [l]. This number of stretching vibrations is, of course. much 
greater than that t o  be expected for a [HgI,]- ion of any shape. but is in accordance 
with predictions for a D.,, dimeric anion [Hg,I,12- which. based on tetrahedral 
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geometry around the metal should show four IR-active (B!,, + + 2Bxu) stretching 
modes [15]. On this basis the bands a t  151. 130. 101 and 91 cm-' in the Far-IR 
spectrum of [Qu,H] [HgI,] are attributed to  the B?,,, B?,,, B',, (bridge) and B?,, 
(bridge) respectively. The possibility of our  [(HgI,),]'- systems being mixtures can 
be ruled out  on the grounds that  they d o  not systematically show bands a t  the same 
wavenumbers as  the other vibrations of [H~I,]'- [10. 511 and HgY,.2L 152.531. The 
Far-IR study of [Qu?H] [HgIx], just described, ascertains the conclusion that the 
trihalogenomercurate (11) salts with large cations acquire associated structures [14]. 

The [PyHPylt ion 

Compounds with (N-H---N)' bonding have attracted the attention of inorganic 
chemists comparatively recently. Following the work of Wood and co-workers 
[54]. in which various salts with (BHB)' cations were considered, where B is a 
heterocyclic amine, the number of analogous reports is rising continuously. The 
range of appearance of the (N-H---N)' vibrations for these substances has been 
examined spectroscopically as  a function of the anion and solvent. the nature of the 
amine and the temperature (see [25] and literature cited therein). 

Most of the investigations were carried out  in solutions and only recently have 
there been reports 155. 561 of the isolation of such compounds in the solid phase. 
Usually, all the compounds studied are substances [BHBIX, where X- is an  acidic 
residue. However. investigations of compounds with amine complexes including a 
metal have been published [25, 57, 581. One of us [4] had proposed. many years 
ago, the existence of cations [ P ~ H P ~ ] '  in the outer sphere of complex compounds 
and this view was established by a series of subsequent publications [5, 7, 8. 17. 181. 
The N H  stretching vibrations were of the greatest interest for finding the nature of 
the hydrogen bonding in B-H---B systems.Publishedviews on the width of v(NH) 
and its structure are not unanimous. The symmetric cations [BHB]'. where B is 
pyridine or  a substituted pyridine, show a doublet for v,(NHN) a t  ca. 2000 and 2500 
cm-'. which is thought to  arise from a double minimum-low-barrier potential well 
[54]. A remarkable view for this problem is that the reason for the band being a 
doublet in hydrogen-bridged complexes could be the Fermi resonance of the N H  
stretch with the overtones o r  with the intramolecular vibrations of the amines [59]. 

Our  results are summarized as  follows: 
a)  In the spectra of the pyridine complexes appears a broad. of medium 

intensity band. a t  ca. 2800 cm-', which we attribute to  v,(NHN); the doublet 
structure was not observed. 
The shoulders and weak side bands, which vary from complex to  complex, can be 
accounted for as  interactions with internal mode combinations. The singlet nature 
of v,(NHN) here perhaps indicates a single minimum. 

b) The spectra d o  include weak bands of the NH vibrations in the region 3220- 
3100 cm-', characteristic of PyH'. The presence of N H  peaks of very low intensity 
above 3100 cm-' suggests that there are some non-associated PyH' groups in these 
complex salts. In the recently determined crystal structure of the complex [HPy], 
[Fe,CI,O].Py [57], there is just one short intermolecular contact. viz. N....N 2.747 
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A, which represents a strong hydrogen bond between PyH' and Py: this complex 
shows an  N H  stretching vibration as a moderately strong. slightly broad band at 
3235 cm-'. It is. therefore, surprising that the v(NH) in the above complex is so little 
affected by hydrogen bonding t o  the pyridine nitrogen. particularly since the 
structural data suggest a strong interaction. 

c) In our  systems there is a broad band of medium intensity a t  525 cm-'. which 
is due t o  the [PyHPyli group [25]. 

d )  We did not observe a well defined Far-IR band a t  ca. 135 cm-'. Wood and 
co-workers [54] reported that this inter-molecular mode v, is characteristic of 
[pyHPy]' groups; the vo band in [PyHPy]' X- systems decreases only slightly in 
frequency on deuteriation, exhibits no  doublet structure and the frequency and 
profiie are independent of counter-ion. 

Final Conclusions 

This work has highlighted some of the problems which arise when seeking to  
make Far-IR spectral assignments for compounds of simple complex haloacids of 
the Group IIB metal ions and has illustrated the types of considerations which need 
to  be made in solving such problems. It is apparent that the Far-IR spectra of the 
[ZnX,Py]- and [CdI,Py]- ions support their monomeric existence in the solid state 
as the discrete C3, pseudotetrahedral species indicated by their formulae. The 
spectrum of [cd1,12- can be satisfactorily understood in terms of a tetrahedral 
structure. For [HgIJ. treatment based on D?,, dimeric structure leads t o  acceptable 
assignments; it is emphasized that  to distinguish between a dimeric and a polymeric 
geometry, very careful analysis of the spectra is needed and we believe that the 
availability of Raman data is important. For the above structural types. more 
bands are found than are predicted for the simple models normally adopted. It is 
clearly desirable to  obtain solution spectra - in order to  be certain that lattice 
vibrations and other solid state effects are not responsible for any of the absorption 
bands or  for their shapes and frequencies: unfortunately. the compounds have a 
negligible solubility in solvents appropriate for IR spectra. If the structures of the 
complexes were exactly known it might be possible to  account for this increased 
complexity of the spectra in terms of factor-group splitting but in the absence of 
any structural information this possibility cannot be further discussed. Our  
investigations also show that the formation and release in the solid phase of 
compounds containing complex [Py,HIi groupings is not limited t o  simple salts of 
pyridine, but includes cation-anion complexes of metals. However. from the above 
study it is concluded that  the location of the proton in [B,H]' systems is still open to  
cluestion. 
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' E v h a ~ ~  r 6 v  ZupzAd~wv 'AAoyovo- ~ a i  Y~vBoaAoyovo- 'O<iwv r&v M~rciAAwv 
trjc 'Opoido~ IIB, M i p o ~  IV @ciapara Aovrjaews ~ E P I K ~ V  ~ ~ ~ ~ I B I v o ~ ~ I ~ A o ~ o v o - ,  TPI- 
fwao ~ a f  T~rpazwBo M~taMoav~dvrwv.  

.'EhljcpOqoav r a  cpaopara r 6 v  o u p n h 6 ~ o v  r6v  rdrcov [Py,H] [ZnX,Py]. [PyH] 
[CdI,Py], [An,H], [CdI,], [Qu,HI] [HgI,] (X = Cl, Br, I ,  Py = nuptSivq, An = 
Bvthivq, Qu = Ktvohivq), rljv a n o  bnkpu0pov n~ptoxl jv  (350-50 cm-'), Ev 
o z s p ~ d  ~ a r a o r i i o ~ t  ~ a i  siq rljv Osppo~paoiav 6 o p a ~ i o u .  Xuoxsrtopoi 6opqq- 
cpciopazo< Bxouv EGpamOsi 6 ~ a  zc5 Ev h6yo odprcho~a. T 6  cpaopara t 6 v  
I T u ~ ~ ~ ~ v I K ~ v  O U ~ ~ C ~ ~ K O V  ~ E I K V ~ O U V ,  6 ~ t  ~d ~upt6t~0~ptahoy0v0-p~rahht~d (11) 
&vt6vta Bxouv CJ, oupp~rpiav.  

Mia ouvscsuypkvq Bvtovrt~lj  6oplj bcpiomrat ~ i q  rljv iivwotv HHg13.2Qu, 
Ev6 26 Bvt6v [C~T,]?- E X E ~  zsrpaa6pt~fiv 6opljv. ' H  oxkot< r 6 v  BptOp6v r 6 v  
6ovljoswv v(MX) ~ a i  v(ML) ~ a i  rGv ou~vorl j rwv ab t6v  np6q t&< orspsoxqp&ia< 
r6v  o u p n h 6 ~ o v  &vt6vrov nsptypdcpsrat, Ev ouvropia. 

Tci cpaoparoo~ont~c i  ttnorshkopaza r 6 v  nupt6tvt~ii)v EvOosov, EI&KQ< ~ i q  
rljv n~ptoxl jv  3p, Evappovicovrat p i  rljv 6napktv ~ @ T E ~ I . K ~ V  ocpatp6v Et 6p66ov 
(N-H---NI+. 
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Summary 

The efficiency of a flotation unit is expected t o  be a function of the residence time 
distribution. so  an  investigation of the hydrodynamics was undertaken. T h e  stimulus- 
response technique was used in this experimentation. The tracer input sign:d was an  
electrolyte and had the form of a step function. Assuming that the flow regime was 
composed of various flow types. a theoretical mixed model was applied. and the 
experimental data were fitted accordingly. 

Key words: Plug. backmix flow. by-pass. deadwater. tracer. model. operation. flotation. 

Introduction 

When a fluid flows through a vessel in plug flow or  backmix flow then 
predictions of performance of the vessel. as  a reactor. can be found in a 
straightforward manner. However. when flow deviates from either of these two 
ideal patterns. performance predictions cannot be made simply. In the latter case 
one approach is to  represent the real vessel by a flow model. determine the 
parameters of this model and then, predict the performance of the real vessel from 
the model. 

The stimulus-response technique has been used for exploring the flow 
characteristics of vessels. providing sufficient information for performance 
predictions when linear processes (such as first order reactions) are taking place. 
The stimulus is a tracer input into the fluid entering the vessel, whereas the response 
is a time record of the tracer leaving the vessel. Any material that can be detected 
and which does not disturb the flow pattern in the vessel can b e  used as  tracer. and 
also. any type of input signal may be used. Although ysually. only two stimuli are 
considered. the perfect step and the perfect pulse input: since they are simplest t o  
treat. 



The dispersion model has been extensively applied. and is well reviewed by 
W e ~ f  and Fan (1) .  However. it is not suitable in our case. Besides that. the tanks - in 
- series model is the other one - parameter model widely- used. In this the actual 
reactor is simulated by n ideal stirred tanks in series. The totzl volume of the tanks 
is the same as  the volume of the actual reactor. Thus for a given flow rate the total 
mean residence time is also the same. The mean residence time per tank is T /n. 

The objective is to  find the value of n. for which the response curve of the 
model would best fit the response curve for the actual reactor. To  d o  this the 
relation between (C/C,,),,,, and n should be developed. Buffham and Gibilaro (2) 
have shown how the model can be used with non integer (but positive) values of n. 

The efficiency of many processes and operations is largely a function of the 
hydrodynamic characteristics of the system in which they operate. The measure- 
ment and analysis of the detention time distribution of a fluid and of the flow 
I-cgime in a system is usually of great importance. in evaluating the systems 
performance. The hydrodynamics theory has been applied in sedimentation basin 
design (3). (4). and also to  froth flotation machines ( 5 ) .  

Degner (6) in his studies of dispersed-air flotation distinguished four hydraulic 
regions. Only a portion of the flotation vessel volume was said to  be utilised in the 
actual gas flotation process. This is represented by the volume contained within one 
of the four regions. in which the effective density and size of the contaminating 
species is modified via attachment to  a gas bubble. to  achieve rapid gravity 
separation from the remaining liquid. It is evident that Stokes law consideration for 
this region is only one of several hydrodynamic design factors. which influence the 
flotation design. 

If the average size of the bubble is reduced signigicantly. in general. the 
required total ingested air flow will be accordingly reduced. because of the more 
favourable surface: volume ratio of the smaller size bubble. However. the 
production of ultra-fine gas bubbles in the mixing zone. is not the dominant 
dispersed-air flotation cell design requirement. Rather. a balance between total air 
flow, mixing region shear turbulence. surface and flotation zone quiescence. liquid 
droplet reemulsification (if applied), and gas bubble size is sought for the final 
design. 

Experimental Part 

The present study was conducted after extensive experiments on the 
application of electrolytic flotation in effluent treatment (7). (8). So. the 
fundamental variables of the process. such as  current density. retention time. 
effluent concentration. percentage removal. etc.. had been established in advance. 

The flotation tank was'l'mtall and had an internal diameter of 146 mm. A pair 
of horizontal' stainless-steel electrodes was flanged on,  while a weir was constructed 
and fitted a t  the top. for the froth layer to  be passed over it.A copper tube. with 12.7 
mm internal diameter. closed a t  the end and with small openings on  the top side 
only. was diametrically entering into the tank. 0.17 m from the edge: there was also 
a bottom drain (with the same diameter) in the centre of the base under the 
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electrodes cell. These two were used respectively as inlet and/or outlet, according 
with the mode of operation. Near the inlet and outlet of the tank were sampling 
points. 

The current density during the tests in continuous flow was a t  100 A/m2 and 
the voltage dropped from 40 V initially to  4 V a t  the end of the process, due to the 
acid. The flow rate was kept steady at 5 mm3/ms, while the vessel volume was 
16.7X10h mm3. Both countercurrent and coccurrent operations were studied; the 
two modes of continuous flow are represented in Figure 1. 

Fig. 1. Modes of continuous flow operation. 

The hydrogen produced by electrolysis was found to be 173 mm3/s for the 
current density of 100 A/m2, with the oxygen volume half that of hydrogen. 
Assuming - and this assumption has been certified - that the bubbles have a 
spherical shape with a diameter of approximately 0.05 mm, the number of bubbles 
evolved was around 4Xl@/s, at  the above current intensity. The bubbles 
measurements in electrolytic flotation was the subject of another group of 
experiments (7c). 

At first a dye was selected as tracer and tried; however, observations a t  that 
stage were made only by flow visualization, as it was realized that the tracer (Congo 
red) was affected by electrolysis, having its optical density changed with time, 
which prevented the analysis. Then, a sulphuric solution was used in a unit step 
input. In this case, acidimetry was the method of analysis. 

The effluent was an oil-water sludge sample, taken from a refinery's 
interceptor; this was treated successfully by electrolytic flotation, while it was only 
mixed by dispersed-air flotation, as the bubbles were insufficiently fine. 
Preparatory tests showed that when the sample was allowed to come to rest in a 
beaker, three layers were apparent: a bottom layer of solids, an oily layer at  the 
surface and a stable one in the middle containing a mixture of oil, suspended solids 
and an aqueous solution. This middle layer was the problem for treatment. A 
representative batch test (at 100 A/m2 and 15 V) gave after 1.8 ks a BOD, removal 
of the order of 96%. as the final was around 15 ppm. 



Results and Discussion 

The tanks-in-series model was applied at first to this study. This is represented 
as Figure 2. The equation was given by Smith (9) as: 

Fa = 1 - e-'YH 1 [ I  +?,g+- ($)2 + ..... + - l (mn-' ] 
- 2! (?,-l)! 

Where the symbols are described in the nomenclature. 

8 

Fig. 2. Studying the flow rexime by the tanks-in-series model. 

The model was splved for the small values of n, which are shown in the figure 
together with the experimental results. From the comparison a conclusion can be 
drawn, which certifies a previous guess, that the process is nearer to a continuous 
stirred tank reactor than to a tubular one. This is why the dispersion model has not 
been tried. 

When one-parameter models are unable to account satisfactorily for 
deviations from the ideals, or cannot give enough information. then more 
complicated models are attempted (10). These usually consider the real reactor to 
consist of different regions (plug, dispersed plug, backmix, deadwater) intercon- 
nected in different ways (bypass, recycle, o r  crossflow). A number of multipara- 
meter models (called mixed models) were described by Levenspiel (1 l), in order to 
represent the flow of fluids through vessels. 

Generally, the number of parameters used in a model is an indication of its 
flexibility in fitting a wide variety of situations and in addition, suggests to some 
extent the complexity of the accompanying mathematics. The parameters of the 
model should have physical meaning and be predicted by independent methods. 

The mixed model that was applied on the experimental results is shown in 
Figure 3 (after Reference 1 l), with its corresponding characteristic response curves. 
The data were drawn in a semi-logarithmic paper shown in Figure 4. as an I-curve 
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Fig. 3.  Multiparameter .flow model (after Levenspiel). 

against 8. The problem is to  find the relative volumes of the various regions, and 
the various types of flow, such that the response curves of the model closely match' 
the response curves for the real vessel. 

The existence of deadwater regions can be found by the area under the I-curve. 
A cut-off paint should be selected, and a s  a reasonable one, the point 8 = 2 was 
proposed ( I  lb). When the area of the age distribution function was measured, it 
was found a V,, of 1% for countercurrent flow, and 13% for cocurrent flow. 
Although this gives a preliminary idea for the two modes of operation, it was 
believed that there was an  inaccuracy, perhaps in the selection of the cut-off point, 
in view of the results that  will be given in the following. 

The magnitude of short-circuiting can be estimated from the rapid initial drop 
in the I-curve. It is believed that by-pass flow, in our  case, is nil, i.e. v, = 0 and v = 
v,. This is apparent from the graph. Further, rough analysis of the flotation tank 
showed that approxiamtely 8% of the volume lay under the electrodes, and around 
17% was between the entering pipe and the top (Fig. 1). 
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Fig. 4 .  Infernal age distribution ,function of effluent. 

The equation of the line in Figure 4, according to the model (Fig. 3, I-curve). if 
rearranged becomes: 

In (l-Fo) = - 1 P .8 + - 
(1 -P)( 1 - 4  l-P 

where the factor (l-d) stands for the effective volume included in 8 (see also the 
nomenclature). The solution gave that the plug flow fraction of the effective part p 
= 12.3% and d -- 0 for countercurrent flow, and for cocurrent p = 12.5% and d = 
6.7% (where d is the dead space fraction of the tank volume). In fact, the value of d 
in the countercurrent operation was negative, but this has no physical meaning and 
was attributted rather to an experimental error, although the experiments were 
repeated. 

Dollfus and Burgaud (12) discussed the mode of operation in an electrolytic 
flotation plant. Elsewhere (13). the counterflow circulation of the Equid was found 
to give a high efficiency "filtration" effect. 

From previous experiments (7). (8). it was found that for a paint system. which 
actually was a solid/liquid separation, cocurrent operation was preferable, while 
countercurrent operation was better for oily effluents (1iquidAiquid separation). 
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Concluding Remarks 

It can be concluded from our experience that disadvantage of the cocurrent 
mode is that the floating solids could be carried out in the exit. which would 
decrease the removal. Advantage of the process, however, is that the feed comes 
first in contact with the electrodes; the importance of the electrochemical effect is 
noted. 

On the other hand, disadvantage of the countercurrent flow, at least for the 
present flotation tank design. is that. for a solid/liquid application. suspended solid 
particles can pass to the outlet while settling. In contrast. particulate matter and 
bubbles have a better possibility of contact between them, and this is one of the 
advantages of this operation. together with a quiescent exit. So, the mode followed 
should be a matter of optimization of the specific application. 

Concluding it can be said that an investigation of hydrodynamics was 
undertaken, as the efficiency is expected to be a function of the residence time 
distribution. The stimulus-response technique was used in this experimentation. 
The tracer input signal was an electrolyte and had the form of a step function. 
Assuming that the flow regime was composed of various flow types, a theoretical 
multiparameter model was applied, and the experimental data were fitted 
accordingly. The advantages of the different modes of operation have been also 
discussed. It was found that the plug flow region during electroflotation was about 
the same for both the modes of operation, while the difference, as might be 
expected, was in the mixed and deadwater regions; there was more backmix flow in 
the countercurrent flow, and in the cocurrent operation deadwater region 
appeared. 

Nomenclature (Units in SI). 

dimensionless output to a pulse input 
concentration at t = 0 
concentration a t  t = t 
dead space fraction of tank volume 
effective fraction of tank volume 
exit age distribution function 
output corresponding to 0 to  I step input 
(measured as  CJC,,) 
internal age distribution function (I = I-F) 
number of ideal stirred tanks in series 
plug flow fraction of the effective part 
perfect mixing fraction of the effective part 
time 
mean residence time 
volumetric flow rate of incoming fluid 
flow rate of fluid passing through the vessel 
flow rate of fluid by-passing the vessel 
volume of the flotation tank 
volume of backmix flow fraction 
volume of dead space fraction 

5 

m's-' 



VP volume of plug flow fraction - 
8 - dimensionless time unit (8 = t/t ) 

0, mean of C-curve 
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Summary 

The adsorption of Vinylchloride monomer (VCM) onto  selected plasticized polyvinyl- 
chloride (PVC) resins. has been studied using Gas  Chromatography. 

Thermodynamic parameters such as  partial molar enthalpy of mixing. partial molar 
entropy of mixing. partial molar free energy and partial molar excess free energy of mixing 
were derived from retention data.  

The concentration dependent specific retention volume of vinylchloride as well as  the 
negative values determined for the above thermodynamic parameters support  the "active 
site" hypothesis. 

It is shown that the high binding energy of "active sites" for VCM is the limiting factor. 
providing an  "essentially 7ero" migration of the monomer into a food cantacting phase 
when its residue in the polymeric matrix is finite but very low ( ( 1 ppm). 

Key words: Adwrption. Vinyl chloride. Polyvinyl-chlor~de. Micgration. 

Introduction 

Polyvinylchloride (PVC)  is being used both in flexible forms (films) a n d  rigid 
forms (bottles) in food packaging applications. Its use has raised serious questions. 
in recent years concerning the possibility of migration of  the monomer  (VCM) from 
the polymer into a contacting food  pha~e ' . ' . ' . . ' .~ .  Preliminary  experiment^^.'.^ o n  
rats have shown carcinogenicity of  vinyl chloride via inhalation. 

The toxicity of  vinylchloride via inhalation in humans  has also been reported 
to  the National Institute of  Occupat ional  Safety a n d  Health of  the U.S.'. 

Finally the migration o f  vinylchloride f rom rigid P V C  forms into alchohol. n- 
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pentane a n d  distilled water  has  been reported in the  literature"'. 
Potential migration of  V C M  into a food  contact ing phase is controlled by the 

following two factors: 
I .  T h e  concentration of  V C M  in the polymer. a s  a residue of  the polymerization 

process. 
2. T h e  chemical affinity of  the monomer  with the specific food  phase in contact  

with the polymer. 
The  concentration of  residual monomer  in the polymer can be related t o  the 

nature of  the polymer (film. rigid plastic) a s  well a s  t o  polymer composition (% 
plasticizer, type of  stabilizer etc). 

The  migration of  a low molecular weight compound f rom a polymer t o  a 
contacting phase can be considered a t  equilibrium as a function of polymer- 
migrant interaction. T h u s  the equilibrium distribution of  the migrant will be 
determined by the thermodynamics of  the interaction while the rate  o f  attaining 
equilibrium will be measured by diffusion. 

Previous studies"," o n  the subject of  V C M  migration. in-which unplasticized 
P V C  resin was used. showed a non-linear relation-ship between concentration of  
V C M  in the polymer a n d  the activity coefficient of  the PVC/VCM interaction in 
favor  of the  polymer. 

These studies resulted in the development of  the "active site" hypothesis. 
which states that  certain regions (active sites) within the polymer network seem t o  
show a higher affinity for  monomer  molecules. than  others  do.  

In this paper  the thermodynamic parameters of  the PVC/VCM interaction a re  
studied. namely free energy. entropy a n d  enthalpy of  sorption using gas 
chromatography.  with the purpose t o  obtain valuable information o n  the nature of  
the above interaction a s  well a s  t o  test the "active site" hypothesis. 

Theory 

Invcrsc phnsr chromatography 

Inverse phase gas chromatography ( I P G C )  has  been successfully used in recent 
years. fo r  both sorpt ion isotherms a n d  the determination of  thermodynamic 
parameters. a s  a means of  interaction evaluation of different polymer/probe 
molecule systems. 

In IPGC.  the polymer powder is the stationary phase of the  G C  column and  
the probe molecule ( m o n o m e r )  is in-jected a s  a gas into the column.  T h e  monomer  
partitions between the  stationary a n d  mobile phase (carrier gas)  and  it is possible 
from chromatographic da ta  t o  calculate the major  thermodynamic parameters  of  
such interaction. 

Calculation of  Thcrmor/l~~nmic paramctcr..~ from gns Chromatographic Data 

The  Clasius-Clapeyron expression of  V"g" is given by  equat ion ( I )  
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where Vog = specific retention volume, or  the apparent retention volume (VR) 
corrected for all oprerational variables. dependent only on the thermodynamic 
variables of the system. 

AH,: partial molar heat of solution of vapor in the column stat. phase. 
The specific retention volume. Vng, is defined by equation (2) 

Where: .I= compressibility factor, which accounts for the pressure drop along the 
column 
$= flow rate of carrier gas (ml/sec) 
tr= time from solute injection to elution (sec) 
tl= retention time of unsorbed indicator (air) 
W,= weight of st. phase (gr). 

The partial molar enthalpy and entropy are related to the column capacity 
coefficient (k) by equation (3). 

Where: AH= partial molar enthalpy of the solute when transferring from the st. 
phase to  the mobile phase. 
(Apparently AH,=- AH) 64) 
AS= partial molar entropy of the solute when transferring from the st. 
phase to  the mobile phase. 
f= ratio of vol. of st. phase to  the mobile phase 

vog k= column capacity coefficient = 

V0 
Vo= dead vol. of the column associated with Igr of st. phase. 

The partial molar entropy of solution of vapor solute in the column stationary 
phase is AS, = - AS.(5) Equations (3). (4). (5) provide: 

Equations ( 1 )  and (6) provide the AH, and AS, values necessary to calculate the 
change in Gibb's free energy (AG,) of the solute/solvent interation by use of 
equation (7) 



A negative sign for  AG,. will indicate that  the interaction takcs place 
spontaneously. while the  sign of  AHs will indicate whether there a re  attractive of  
repulsive forces between the solute a n d  solvent molecules. T h e  sign of AS. will show 
whether of  not the solute/solvent interaction leads t o  a more  ordered system 
(binding of  monomer  o n  specific sites). 

If we define an  "excess" free energy of  mixing (AG,,) for  a real solution in 
comparison with a n  ideal solution then: 

Where: AG,= partial molar  free energy of  mixing of  solute/solvent in real solution 
AG,= partial molar  free energy of  mixing of  wlutc/solvent in ideal 

. solution 
Equat ion (8)  can be written in terms of  the activity coefficient (y)  of the 

interaction: 

AG,,= RTlqy (9)  

Values fo r  y greater than I a re  indicative o f  repulsive forces between solute and  
solvent (positive deviation from Raoult 's Law). 

Values for  y lower than 1 a re  indicative of  attractive forces between solute a n d  
solvent. . , 

Equations ( l ) .  (6). (7). (8 )  a n d  (9)  were used t o  calculate the  thermodynamic 
parameters  of  the PVC/VCM interaction. 

Experimental Procedures 

Three different columns were used in all I P G C  experiments. Each column was 
packed with one  of  the  following three PVC powdered resins: T Y P E  I .  D R Y  
B L E N D  6200 a n d  D R Y  B L E N D  7200 containing 15%. 25% a n d  33% plasticizer 
respectively. All resins were supplied by Borden Chem.  Co..  N. Andover  Mass. 
U.S.A. T h e  P V C  resins were sieved. so  that  particle sizes between 100-150 Mesh 
were used for  column preparation. T h e  aluminum columns of  6 '  X 1/4" O . D .  
were weighed before a n d  af ter  the packing procedure t o  determine the a m o u n t  of  
powdered resin used in each column.  

A series of  gas V C M  in nitrogen s tandard s imples  were prepared by direct 
in-jection of  known volumes of  high purity (99.99%) V C M  into 60ml serum vials 
(Wheaton  vials.'Fisher Sci. Co . )  which were previously flushed with pure nitrogen. 

All retention da ta  were obtained o n  a Hewlett Packard 5750 G a s  
Chromatograph  equipped with a dual  flame ionization detector. Nitrogen was used 
a s  the carrier gas a n d  the flow rate was measured using a s o a p  bubble flow meter. 

The  pressure d r o p  along the column was measured with a mercury manometer  
a t  the injection port  (P,,,,,,,, = l a tm) .  T h e  detector was calibrated prior t o  all 
experiments with a 10% SE-30 column coated o n  ABS 90/100 Mesh. 

The  temperatures selected. for  the different columns used. were the following: 
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TYPE I RESIN 30•‹C. 40•‹C. 55•‹C 
DRY BLEND 6200 RESIN 30•‹C. 40•‹C. 55•‹C 
DRY BLEND 7200 ,, 30•‹C. 40•‹C. 55•‹C 

Operating conditions of the G.C. were the following: 

TA, = 200•‹C 
T,,,, = 30•‹C 
Carrier gas: N,. 60mVmin 

All three columns were insulated from the detector by a 3'  ' column packed 

TABLE I. Specific rentention volume (VUg) as a function of concentration of VCM injected. into 
column TYPE I a t  temperatures: a )  30•‹C h )  40•‹C c )  55•‹C. 

(VCM)v\c (ppb W/W)  

6.0 
12.0 
25.0 
48.5 
74.0 

120.0 



with glasswool. which was connected between the column a n d  the detector  inlct. 
Retention times were determined t o  ? 0.1 sec. T h e  retention time of air  was 

taken t o  be that  o f  a n  undsorbed component .  

Results 

Rrfrntinn Dntn 

Values for  the specific retention volume (V1'g) in ml/g a s  a firnction o f  VCM 
concentration in PVC (W/W) injected at three different temperatures in each of 
the three columns. a re  shown in Tables  1-111 a n d  Figures 1-3. 

T A B L E  11. Specific rentention volume (V"g) as  a function of  concentration of VCM iniected. into 
column D R Y  BLEND 6200 at temperatures: a )  30•‹C b) 40•‹C c)  55•‹C. 
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TABLE Ill .  Specific rentention volume (V1'g) as a function of concentration of VCM in~ected.  into 
column DRY B L E N D  7200 at temperatures: a )  30•‹C h )  40•‹C c)  55•‹C. 

Family regression analysis of this data provided the general formula 
Y=a+blnx to  fit the plots for all PVC columns used. 

In Figures 1-3 the intersept a in each plot was taken as the specific retention 
volume at infinite dilution (V0g m). These values are shown in Table IV. 

The effect of temperature on the specific retention volume (V"g) at a )  infinite 
dilution b)  lowest VCM concentration c) highest VCM concentration in shown in 
Tables V-V11 and Figures 4-6. 

Thermodynamic Parameters 

Values for partial molar enthalpy (AH,) partial. molar entropy (AS,) and 
partial molar free energy (AG,) corresponding to  the dissolution of VCM in the 
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Figure 1. Spectfir rentention voluine (V0g) as a,function of concentration o f  VCM injected into column 
TYPE I at  temprrature.v: a )  30•‹C h) 40•‹C c )  .F.FtlC. 

I 
20 40 60 80 100 120 140 I 

[vcM],~(PP~ Yu) 

Figure 3. Specifir rentention volume ( V g )  as  a funrtion o f  concentration o f  VCM injected into column 
DRY BLEND 7200 at temperaturrs: a) 30•‹C h) 40•‹C c) 55•‹C. 

t 
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TABLE IV. Specific rentention volume at infinite dilution (V0g r )  f or  resins TYPE I. DRY BL.EKl) 
6200 A N D  D R Y  B L E N D  7200 at temperatures: a )  30•‹C h)  40•‹C c )  55•‹C. 

;])resin TYPE I 

V " g r  (ml/g) 

2.95 
2. 60 
2.20 

h)rcsin "DRY BLEND" h200 

c)rcsin "DRY BLEND" 7200 

TAB1.E V. In V"g as  a function o f  reciprical temperature at a )  infinite dilution h )  hpph c )  120 pph for 
column with resin TYPE 1. 

a)  infinite dilution 
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TABLE VI. In Vng as a function of reciprocal temperature at a) infinite dilution b) 6ppb c) 120 ppb 
for column with resin DRY BLEND 6200. 

a) infinite dilution 

In Vng 

TABLE VII. In V0g as a function of reciprocal temperature at a) infinite dilution b) 7ppb c) 130 ppb 
for column with resin DRY BLEND 7200. 

a) infinite dilution 
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PVC columns (solvent/solute interaction). are shown in Table V111 Changes in 
excess molar free energy (AG,,) and activity coefficient values, corres&mding to the 
dissolusion of VCM in the PVC columns are shown in Table IX. 

Discussion 

Results shown in Tables 1-111 and Figures 1-3 indicate that for all three of the 
PVC resins used, the specific retention volume is concentration dependent al all 
temperatures below Tg=81•‹ C increasing exponentially at very low VCM 
concentrations. 

This means that the lower the residual amount of VCM is in the resin. the 
better it is bound by the polymer. These results suppoit the "active site" hypothesis 
which states that certain irregularities or "active sites" exist with in the polymer 
network that tend to thermodynamically bind the monomer, thus reducing its 
possibility for migration in to food. 

For a given resin and concentration of VCM the specific retention volume 
increases with the decrease of temperature. Thus ambient temperature favors the 
retention of the monomer by the polymer. 

Another very interesting point is that the amount of plasticizer seems to 
influence the specific retention volume significantly. The higher the degree of 
plasticization of the resin, the longer the VCM is retended, or the better VCM is 
bound with in the polymer matrix. This is in accordance with previous results". 

-- - 

Figure 4. In VL'g as a ,fumtion of reciprocal temperature at a) infinite riitution h) 6pph r;) I20 pph for 
resin TYPE I. 

The relation of the specific retention volume at infinite dilution, a t  6ppb and 

120 ppb with tempeiature (Tables W-VIE, Figures 4-7) is of the Ar~henius t y p  and 
AH 

the slope of each curve -1 shows the contribution of enthalpy change on the 
- R .  

change of Gibb's free energy (AG,) for the PVCkVCM interactiom. 
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Fkure 5. In V4'g as a.function of  reciprocal temperature at a) infinite dilution h) 6pph c) 120 pph.for 
resin DRY BLEND 6200. m 

Figure 6. In V"g as a .function of  reciprocal temperature at a) infinite dilution h) 7pph c) 1-30 pph,for 
resin DRY BLEND 7200. 

TABLE VI11. Change in partial molar enthalpy (AHr) partial. molar Entropy (AS). and partial free 
energy (AGJ for dissolution of  VCM in the three PVC resins at 30•‹C. 

PVC RESIN AH?(Kcal/mol) AS&al/mol) AG, (Kcal/mol) 

TYPE I -2.08 -4.81 -0.624 
DRY BLEND 6200 -3.42 -7.8 1 - 1 .OS 
DRY BLEND 7200 -3.92 -8.19 -1.44 

Values of thermodynamic parameters shown in Tables V111 and IX are 
indicative of the exothermic character of the VCM/PVC interaction (AH < 0) and 
the binding of the monomer on specific sites with in the polymer network 
(AGs < 0). 
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Results shown in Tables 1-111 and Figures 1-3 indicate that for all three of the 
PVC resins used, the specific retention volume is concentration dependent at  all 
temperatures below Tg=8I0 C increasing exponentally at  very low VCM 
concentrations. 

TABLE IX. Change in excess molar free energy (AG,,) and activity coefficient for dissolution of VCM 
in the three PVC resins at 30•‹C. 

PVC RESIN AG,,(Kcal/mol) 

TYPE I 
DRY BLEND 6200 
DRY BLEND 7200 

y(activity coeff) 

which is indicative of strong attractive forces between VCM, PVC molecules. 
The major significance of these results is that the VCM binding energy on to 

PVC. exhibits a non-liner inverse relation with VCM concentration. Thus at  low 
concentrations ( < Ippm) of residual VCM in the packaging material, the high 
thermodynamic free energy required for desorption is the limiting.factor which 
provides an "essentially zero" migration of VCM to  a contacting food phase. 

Results are in general accordance with previous work conducted with similar 
systems using classical partition1-'. 

Z' ahfi rtjv Epyaoia, pehsrt jeq~s fi npoop6cpqoq ro6 povop~p06q 
Ptvuho~hopt8iou (VCM) oE ostpb dx6 xhaortuoxotqpbv~cj pqriveq nohupt- 
vuho~hopt8iou (PVC). 'H pahErq Eytva pE rfiv 'AEpto Xpoparoypacpia. 
Oepp08uvapt~Eq xap&p&rpot dxwq fi Eveahxia, f) Evrponia uai fi Eh~68epq 
EvEpyeta xpoopocptjoaw~ h o h o y i o r q ~ a v  p6 Pdoq r b  ~poparoypacptud pey88q 
ro6 ~ p 6 v o u  ~ a i  d y ~ o u  ~ararpdrqoqcj.  'H Ec&pr~oq ro6 ei8tu06 dyuoi) 
~ a r a ~ p d r q o q q  roB povopep06q dx6 rtj ouYuEvrpw~q ua0& ~ a i  oi  dpvqrlK8q 
rtp6q no6 pp6equav ytd riq xapaxdvo 8~pp08uvapt~iq  xapapkrpouq, osqpicouv 
rtjv i)x6eeoq TGV EvepyGv K E V T ~ O V  (active site hypothesis). 

'Yxoorqpicarat nhq fi hyqhfi EvEpysta GEopwoqq r6v  <<BvapyGv ~bvtpmv,> 
ytb t 6  povopepiq Ptvuko~hopiGro etvat 6 xsproptortu6q xapbyov no6 xapk~e t  
'<o6otaortuti p~)8&vtutjn p e ~ a v d o s ~ u a q  '606 povopsp06cj h 6  r 6  xhaortu6 
o u o ~ ~ u a o i a q  o r6  rpbcptpo, 6rav 11 ouy~tvrpoot j  tou or6  reheuraio efvat 
xexapaop6vq dhhd xoh6 ~ a p q h i  ( < lppm). 
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SYNTHESIS AND STUDY OF SOME SYMMETRICALLY DIAMINO- 
SUBSTITUTED GLYOXIMES, FUROXANS AND FURAZANS. 
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Summary 

The synthesis of some symmetrically N,N'-substituted diaminoglyoximes. their 
stereochemical study by 'H-NMR spectroscopy and their oxidation ard dehydration to the 
corresponding furoxans and furazans respectively, as well as the deoxygenation of some of 
the prepared furoxans to furazans are reported. 

Key words: Diaminoglyoximu, diaminofuroxans, diaminofurazans. stereochemical study. 

Introduction 

Symmetrically substituted diaminoglyoximes are known since 1893 when 
Holleman' described the preparation of bis-qnilino-glyoxime from furoxan and 
aniline. Several compounds of this type are known today prepared from 
dichlorogilyoximeZ or  its d i a ~ e t a t e ~ , ~  or dicyano-di-N-o~ide~,~ and ammonia or 
primary and secondary mono-amines. On the other hand reactions of dicyano-di- 
N-oxide with 1.2-diamines resulted in a similar way t o  the formation of 2.3-bis- 
hydroxyiminopiperazine and 2,3-bis-hydroxyimino-1,2,3.4-tetrahydroquinoxali- 
ne~'.~. Although the diamino- lyoximes prepared from primary amines can exist in 
several tautomeric forms, it has been suggested that they adopt the dioximino- 
s t r u c t ~ r e ~ , ~ .  Like other a-dio~imes '~ some diamino-glyoximes have b e  : canverted 
to the corresponding diamino-f~razans~,~-while some of-those, f ~ : ;  substituted, 
were oxidized with potassium ferricyanide to the corresponding furoxans4. There 
are indications that the amphi- forms of the dioximes undergo these reactions most 
readily and it may be that other dioximes which yield furazans and furoxans do so 
by a preliminary rearrangement4.I0. 



Table I. Diamino-glyoximes 4(d,e,f), Furoxans 6(a-f) and Furazans 7(a,d,f). .I 
P 

Compound Yield [%l m.p. [OC] Recrystal. Molecular Calcul ated1Found I R 

(Method) (Lit. m.p.) solvent Formula %C %H %N v Ccm-'] 

119-121 

168-170 

181-182 
(181-183)4 
121-123 

93-94 

56-58 

112-114 

oil 

141-142 
(14314 
137-139 

99-100 

151-153 

Methanol 

Chloroform1 
Petr. Ether 
Chl oroforml 
Petr. Ether 

Ether 

EtherIPetr. 
Ether 
Pet+. Ether 

Chloroform/ 

Petr. Ether 

EtherlPetr. 
Ether 

Chloroform1 

Petr. Ether 
Petr. Ether 

Chloroform1 
Petr. Ether 

a:in Nujol b:in Chloroform 
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Table 11. 'H-NMR spectra o f  compounds 4(a-f), 6(a-f), 7(a,c,d,f), 

Compound 6[ppm] 

b 2.50 (S, 6H, N-CH3), 6.65-7.58 (m, 10H, c ~ H ~ ) ~ ;  11.43 (S, 2H, N-OH) . 
0.90 ( t ,  6H, CH3, J=7 HZ), 2.70 (q, 4H, CH2 , 5.7 Hz), 6.50-7.40 (m, 10H, C6H5)a; 

11.27 (S, 2H, N - 0 ~ ) ~ .  

0.90 ( t ,  CH2-g3, J ~ = ~ H Z ) ,  2.30 (S, C6H4-CH3), 2.73' (q, -$-CH3, J'=~-Hz), 

0 . 3  , a o a ;  0.88 ( t .  6H. CH2-CH3, J=7 Hz), 2.25 (S, 6H.-C6H4-m3i 

2.77 (q, 4H, -$-CH3, J=7 Hz), 6.33-7.30 (m, 8H, arom.), 11.20 (S, 2H, N-OH) . 
4.17 (S, 4H,' C6H5-CH2-), 6.37-7.50 (m, 20H, arom.), 11.28 (S, 2H, N - 0 ~ ) ~ .  

b 1-15--2.00 4 m, 22H), 2.70 (S, 6H, N - c H ~ ) ~ ;  8.87 (S, 2H, N-OH) . 
2.92-3.42 (m, 8H, -CH2-N-CH2-), 3.50-3.97 (m, 8H, - c H ~ - o - c H ~ - ) ~ ;  10.22 (S, Z H , N - 0 ~ ) ~ .  

f 2.77 (S, 3H, CH:), 3.32 (S, 3H, CH:), 6.15-7.30(m, 10H, arom.) . 
1.10 ( t ,  3H, - c H ~ - G ~ ,  J=7 Hz), 1.18 ( t ,  3H, -cH~-CH:, J=7 Hz), 3.17 (q, 2H, 

-H~-CH:, J=7 Hz), 3.75 (q, 2H, -$-CH:, J=7 Hz), 6.18-7.30 (m, lQH, arom. )a. 

1.08 ( t ,  3H, - c H ~ - C H ~ ~ ,  J=7 Hz), 1.17 ( t ,  3H, -CH~-CH:, 3=7 Hz), 2.02 (S, 3H, 
d 

C6H4-a3 1, 2.20 (S, 3H, c~H~-=:), 3.13 (q, 2H, -cH,-cH~~, J=7 Hz), 3.73 (q, 2H,, 

-CH -2 - c H ~ ~ ,  J=7 Hz), 6.00-7.18 (m, 8H, a r ~ m . ) ~ .  
d 4.23 (S, 2H, C6H5-m2- ), 4.85 (S, ZH, c ~ H ~ - $ - ~ ) ,  6.18-7.28 (m, 20H, a r ~ r n . ) ~ .  

0.80-2.17 (m, 22H), 2.77 (S, 3H, N - c H ~ ~ ) ,  2.85 ( S ,  3H, N - c H ~ ~ ) ~ .  

3.12-3.55 (m, 8H, -CH2-N-CH2-), 3.62-3.95 (m, 8H, -CH 2- 0-CH 2 -)". 

3.22 (S, 6H, N-CH3). 6.28-7.50 (m, 10H, arorn.)a. 

1.17 ( t ,  6H, CH2-E3, J=7 Hz), 2.15 (S, 6H, -C6H4-CH3), 3.63 (q, 4H, -$-CH3), 
f 6.03-7.17 (m, 8H, arom.) . 

4.72 (S, 4H, C6H5-$-), 6.25-7.42 (m, 20H, a r ~ m . ) ~ .  

3.17-3.48 (m, 8H, -CH2-N-CH2-), 3.68-4.02 (m, 8H, - c H ~ - o - c H ~ - ) ~ .  
P - - - P 

a:in FOCI3; b: i n  DMSO-d6; c: obscure signal because o f  the low s o l u b i l i t y  o f  compound; 

In connection with our recent work on oxidation of some 2.3-bis- 
hydroxyimino-1.2.3.4-tetrahydroquinoxalines with phenyliodine ditrifluoroacetate 
(5) to furoxano-13.4-b]quinoxalines and their subsequent deoxygenation to the 
corresponding furazano-[3.4-b]quinoxalines" we present in this paper the 
preparation of diamino-glyoximes 4(a-f), their oxidation with 5 to the correspon- 
ding furoxans 6(a-f) and further the preparation of furazans 7(a.c.d.f) (Scheme I ). 
as well as a spectroscopic study of all these compounds. 
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Table 111. 'H-NMR spectra of Diamino-glyoximes RRAN-~(=NoH)c(=NoH)-NRR' , 4(f-1) and 
4 Furoxans RR'N-C-C-NRR', reported by Walstra e t  a1 . 

II 0 
N \ O / N ~ ~  

Compound R R' q i p m l  

4f -CH2-CH2-0-CH2-CH5 3.21-3.57 (m, 8H, -CH2-0-CH2-), 3.73-3.95 (m, 8H, -CH2-N-CH2-), - 
4.68 (S, 2H, = N - 0 ~ ) ~ .  b 

CH3 CH3 2.89 (S,  12H, CH3), 5.80 (br .s ,  2H, =N-OH) .' 
4h C2H5 C2H5 - 1.20 ( t ,  12H, CH3), 3.22 (q, 8H, CH2), 7.66 (S,  2H, = N - o H ) ~ .  

4i C H ( C H ~ ) ~  c H ( C H ~ ) ~  1.24 (d, 12H, CH3), 1.36 (d, 12H, CH3), 3.45-3.91 (m, 4H, - 

CH), 4.68 (S,  2H, =N-OH)'. 

3 -(CH215- 1.60 [S, 12H, - ( c H ~ ) ~ ~ ,  3.19 (m, 8H, -CH2-N-CH2-), 4.70 

(S,  2H. =N-OH)'. 

4k H - C2H5 1.15 ( t ,  6H, CH3), 3.17 (q, 4H, CH2), 4.82 (br . ,  4H, N-H 

and =N-OH)'. 

41 H - C6H5 6.77-7.17 (m, 10H, C6H5), 7.45 (br.,ZH, =N-OH), 9.45 (br.,  

2H, N - H ) ~ .  

6f -CH2-CH2-0-CH2-CH1 3.21-3.57 (m, 8H, -CH2-0-CH2-), 3.72-3.96 (h, 8H, -CH2-N-CH2-) b 
- 

& CH3 CH3 2.82 (S ,  6H, CH3), 2.97 [S, 6H, C H ~ ) ~ .  

6h C2H5 C2H5 - 0.97-1.34 F, (two t r i p l e t s ) ,  12H, C H ~ ' J ,  3.D2-3.69 b, (twa 

quar te t s ) ,  8H, C H ~ ~  b. 

6i  CH(CH312 CH(CH3I2 1.13(d,12H,Ck3),1.32(d,12H,CH3),3.50-3.94(m,2R,CH), - 

4.15-4.60 (m, 2H, C H ) ~ .  

U b 1.63 E r . ,  12H, - ( c H ~ ) ~ - ] ,  3.09-3.44 (m, 8H, -CH2-N-CH2-) . 

a: i n  D20; b: l'n CDCl - c: i n  CD30D; d: i n  (CD3)2CO; e: i n  CCS4. ' 3' 

Results and Discussion 

The reactions studied and the compounds prepared are depicted in Scheme 1. 
while their analytical and spectral data are given in Tables I, H. IV. Compounds 
4(a-f) were prepared by the reaction of the appropriate amine with dicyano-di-N- 
oxide ( 2 )  (Meth_od A) or with dichloroglyoxime (3) (Method B). Products from both 
methods were identical to each other and the known 4(a-cF4tf14 to  those reported 
in the literature. 
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- + + - < , 
0-N=C-C=N-0 (2) R-NH-R + R ; ~ - ~ - ~ - ~ < R  

o r  CI-C-C-CI 
( 3 )  

R I I  I I  
I I I 1  

R 

N O H  N O H  
H O N  N O H  

1 (a-f) 4 (a- f 

Scheme 1 

V o m p o u n d s  4(a-fl showed In their IH-NMR spectra in DMSO only one sharp 
singlet peak for both their hydroxyl protons (=N-OH) at 64.87-1 1.43 ppm (Table 
11). This observation is very informative on the stereochemistry of compounds in 
question, which generally may exist in anti- @a), syn- (8b) or amphi -configuration 
@c). 

,R* R; R' R; 
R' 

RC N-C-C-N., N-C-- C-% R,~-~-$-~IR 
R' 1 1  I1 . R R' I 1  ! l  

HO-N N-OH N-OH HO-N N-OH N-OH 

Scheme 2 

Kleinspehn et al.I2 found that most oximes exhibit in their 'H-NMR spectra in 
DMSO a hydroxyl proton resonance signal whose chemical shift value is essentially 
concentration independed and thus characteristic of the liarticular syn- or anti- 
isomer. Similarly Tanaka et al.13 reported that the anti- and syn- forms of benzil- 
and furil-dioxime give one sharp signal for both their hydroxyl protons in different 
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fields, while the non-symmetric amphi- forms give two singlets. These signals were 
not affected by mixing of isomers. Recently, Gozlan et al.I4 and Dignam et al.'' 
prepared the (E)- and (Z)- isomers of some benzamidoximes and found that the 
hydroxyl proton of (Z)- isomers resonates in the 'H-NMR spectra (DMSO) at a 
lower field than that of the corresponding (E)- isomers. Significant and normal 
differences were also observed for the other protons in each pair of all (E)-, (Z)- 
isomers. In addition to these data, it was also reported that in some 
benzamidoximes an equilibrium between the conformers 9a - 9b is established, as it 
was indicated in their IH-NMR spectra, where absorptions for the protons of both 
conformers were ob~erved l~ .~ ' .  

It is obvious from these data that the 'H-NMR spectroscopy is very useful for 
the configurational and conformational study of amidoximes and generally of 
oximes, since the chemical shifts of their protons and especially of hydroxyl protons 
in DMSO are greatly affected by the enviromental differences between the 
structural isomers. In contrast to the reported extensive studies on simple 
amidoximes, diamino-glyoximes have not been srudied systematically up today. 
Walstra et aL4 studied the 'H-NMR spectra of two isomeric bis- diisopropylamino- 
glyoxime diacetates at  different temperatures (-20•‹ to  +65O C). They found that one 
of the isomers showed in all temperatures a multiplet, a singlet and a doublet signal 
for (CH,),CH, -OCOCH, and CH(C_H,), protons respectively, while the other 
isomer gave for these protons at  -20' to +20•‹ C a multiplet, a broad singlet and a 
multiplet respectively, but the last multiplet collapsed at  +65O C into a broad 
unseparated doublet. The authors considered that in the case of the isomer with the 
temperature depended IH-NMR spectrum the rotation about the central C-C bond 
is less sterically hindered and suggested for this isomer the anti-configuration and 
for the other one the amphi-configuration, with the N-substituents in trans 
conformation. Treatment of both isomeric diacetates with dimethylamine resulted 
to the same dioxime 4i (Table 111) for which the authors proposed the amphi- 
configuration. They also prepared the diamino-glyoximes 4(f-1) and proposed for 
all of them the amphi-structure. Oxidation of 4(f-j) with potassium ferricyanide 
gave the corresponding furoxans 6(f-j). The reported IH-NMR spectra of 
compounds 4(f-!), 6(f-j) are given in Table 111. 

It is obvious from the data of Table 111 that, with exception of compound 4i, 
both R, both R'  and both N-OH groups of all diamino-glyoximes 4 are 
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Table I V .  Mass spectra of compounds 4(d,e,f), 6(a-f) and 7(a,d,f). 

Compound m/e ( re la t i ve  in tens i ty  %) 

magnetically equivalent giving in the 'H-NMR spectra one absorption for the same 
protons. This is a strong evidence for a symmetric structure of compounds in 
question and is in disagreement with the suggested amphi-form for these 
compounds. since the corresponding furoxans 6(f-i) with the non-symmetric 
structure exhibited different chemical shifts for 3-N-. and 4-W-substituents. 
Compound 4i, like the corresponding furoxan 6i.gave two doublets for  the methyl 
protons of the isopropylamino-substituents, in agreement with the proposed non- 
symmetric amphi-form, even though this differentiation in chemical shifts was not 
so  clear for the methine (as in furoxan 6i) and hydroxyl protons. 

Although the diamino-glyoximes can also exist in a conformation with the N- 
substituents in trans-position, it is apparent that a structural correlation between 
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the stereochemical forms of a symmetrically substituted dioxime and the 
corresponding furoxan and furazan can be considered, concerning the spatial 
arrangements of N-substituents and the -C=N-0 groups. The amphi-form can be 
related to  the furoxan-structure and the syn-form to  the furazan-structure. while 
the symmetric anti-form of a dioxime can be related t o  the moiety of the 
corresponding furoxan bearing the N-0 bond. The othei  moiety of the furoxan 
is very similar to the corresponding symmetric furazan. Table 111 reveals a 
significant similarity between the 'H-NMR spectra of the amphi-dioxime 4i and the 
furoxan 6i. 

Then we prepared the furoxans 6(a-f) and the furazans 7(a.c.d.f) (Scheme 1 )  
and compared their 'H-NMR spectra with those of the diamino-glyoximes 4(a-f) 
(Table 11) as well as  with those of compounds in Table 111. We also studied the 
spectra of compounds 4(k,l) and of several other similar diamino-glyoximes 
previously prepared by ush. As it has been pointed above, the 'H-NMR spectra in 
DMSO-d, of all studied diamino-glyoximes exhibited one absorption for both 
hydroxyl protons (N-OH). and generally revealed a symmetric molecular structure. 
The same symmetry. as it was expected, was also observed in the spectra of 
furazans. while the 'H-NMR spectra of all furoxans gave the expected two 
absorptions for each pair of non-symmetric N-substituents. R. R ' .  Table I I  showes 
that. in agreement with the 'H-NMR spectra of many other substituted furoxanstx,  
the protons of 3-N-alkyl substituents of the studied furoxans resonate a t  a higher 
field than the same protons of their 4-N-alkyl stbstituents and very close to  that of 
both same N-alkyl substituents of the corresponding diamino-glyoximes. On the 
other hand. the protons of 4-N-alkyl substituents of these furoxans resonate at 
about the same field with that of N-substituents of the corresponding furazans and 
lower than that of both N-alkyl substituents of the corresponding diamino- 
glyoximes. On the base of these observations we consider that the 'H-NMR spectra 
of all diamino-glyoximes 4(a-I) are in favour of the symmetric anti-configuration 8a 
(Scheme 2). with exception of bis-diisopropylamino-glyoxime 4i, where the 
reported 'H-NMR spectrum agrees sufficiently with the proposed amphi-structure. 

The suggested anti-configuration for compounds 4 is also in agreement with 
the proposal that the reaction of primary and secondary amine nucleophiles with 
nitrile-N-oxides in aqueous solution leads to  the (Z)-isomers in which the 
nucleophile and the -OH group are adjacent". The anti-configuration has also been 
suggested for some symmetric derivatives of oxalo-his-thiohydroximic acid. 
prepared by reaction of dicyano-di-N-oxide with thiols'". The recorded mass 
spectra of new compounds 4(e.f.d) (Table IV) showed generally a similar 
fragmentation patern to that reported for compounds 4(a-c) and other diamino- 
glyoximes". giving [M-01' [M-OH]' [M-NOZH,l'. [M-(RNHR ')l'. [RR 'N-C= 
NOH]'. [RR'N-C -- NI'. [RNHR']'. [R-N-R']' as  characteristic fragment ions. 

Treatment of compounds 4(a-f) with one equivalent of phenyliodine 
ditrifluoroacetate (5) at room temperature. gave the corresponding furoxans 6(a-f) 
in good to  moderate yields (88-48%) (Scheme 1. Table l). The reactions were 
completed in less than 5 min. as  it was monitored by T L C  and the produced 
furoxans were generally separated from the reaction mixture by column 
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Scheme 3 

chromatography. The structure of compounds 6(a-f) was confirmed by their 
spectral data ( 'H-NMR, IR, MS) and microanalyses. Compounds 6(a-f) exhibited 
in the IR spectra the characteristicZo bands in the region 1630-1300 cm-' for C=N, 
0-N--2 0 and N - 0  bonds (Table I). The mass spectra of these compounds gave the 
expected molecular ion (M') and most of the fragments reported for the 
fragmentation of other furoxan  derivative^^'.^^. a s  it is shown in Scheme 3. Besides 
these fragments the recorded mass spectra of compounds 6(a-f) gave also several 
other abudant ions which can be easily explained considering the participation of 
the alkyl and aryl groups in the fragmentation reactions as  well as  the expected 
eliminations of amine and nitrile fragments. 

Then we tried to  deoxygenate compounds 6(a-f) to  the corresponding furazans 
by heating them with triethyl phosphite (Scheme l ) .  Although many furazans have 
been prepared in this way in excellent yieldslx. our  efforts resulted in the 
preparation of furazans 7(d.f) only, while traces of furazans 7(a,c) were isolated and 
identified from the other reactions. Generally small amounts of furoxans 6(a,b,c,e) 
were available and used in these reactions. It is possible that the deoxygenation 
procedure depends on  the nature of the substituents, since in contrast to  some 3- 
methyl-4-alkoxy (or alkylthio, o r  their su1fones)-furoxans which were deoxyge- 
nated to  the corresponding furazans in higher than 90% yield, 3-methy1-4- 
pyrrolidino-furoxan gave the corresponding furazan in only 45% yield. Furazans 
7(a,d,f) were also prepared by direct dehydration of diamino-glyoximes 4(a.d.f) 
(Scheme 1)  and were identical to those prepared by deoxygenation of the furoxans. 
The structure of compounds 7(a,c,d,f) was also confirmed by their spectral data 
and microanalyses. The observed general fragmentation pathway in the mass 
spectra of furazans 7(a,d,f) is in good agreement with that proposed for furazan 7cy, 
giving [M-NO]', [RR 'N-C E NI', ERR 'NC]', [R-N-R 'l' as  characteristic frag- 
ments. 

Experimental Part 

M.p.s' are given without correction and were determined with a Kofler hot- 
stage apparatus. 'H-NMR spectra were obtained in different solvents with aVarian 
A-60A spectrometer with tetramethylsilane as  internal standard. IK spectra were 
recorded on a Perkin-Elmer 297 spectrophotometer. The mass spectra were 
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obtained with a Hitachi Perkin-Elmer RMU-BL mass spectrometer; The ionization 
energy was maintained a t  70 eV. 

General Procedure for the preparation of domino-glyoximes 4(oTf3. 

Method A. T o  a cold solution of the appropriate amine (0.02 mol) and 
dichloroglyoxime (0.01 mol) in chloroform (130 ml) a 2N solution of sodium 
carbonate (30 ml) was added dropwise under stirring. The organic layer was 
separated, dried with anhydrous sodium sulfate. concentrated in a rotary 
evaporator under reduced pressure to  50 ml and then was allowed to  stand for 12 h 
at -1  5" C. Part of compounds 4d and 4f was precipitated and isolated while the rest 
of them as well as the other prepared dioximes 4 were separated from their reaction 
mixture by column chromatography on silica. eluting with chloroform. 

Method B. Dichloroglyoxime (0.005 mol) and the appropriate amine (0.02 mol) 
were dissolved in tetrahydrofuran (10 ml) and the resulting solution was refluxed 
for 3 h. The precipitated amine hydrochloride (if any) was removed from the cooled 
reayion mixture. the solvent was evaporated under reduced pressure and the 
residue was dissolved in chloroform. The rest amine hydrochloride was extracted 
from the solution with water and the organic layer was boiled with Norite. After the 
Norite had been removed by filtration,petroleum ether was added to  the filtrate 
until no more product precipitated and the mixture was allowed to stand a t  -15' C .  
The collected crude products were then recrystallized from the solvents given in 
Table I .  

Genrral Proccclurc ,for the preparation o f  ,furoxans 6(aTf3. 

To a magnetically stirred suspension of a diamino-glyoxime 4(a-f) ( l  mmol) in 
dichloromethane (20 ml) a solution of phenyliodine ditrifluoroacetate (5, 1 mmol) 
in dichloromethane (20 ml) was added at 20" C. After 5 min all dioxime was 
dissolved and consumed. as  monitored by TLC. The reaction mixture was treated 
with sodium bicarbonate solution. the organic layer was dried with anhydrous 
sodium sulfate and concentrated under reduced pressure in a rotary evaporator to  a 
small volume. Furoxan 6f was precipitated quantitatively and isolated. Furoxans 
6(a-e) were separated from the concentrated reaction mixture by column 
chromatography on silica eluting with chloroform and were further purified by 
recrystallisation (Table I). 

General Procerlure ,for the Preparation o f  Furazans 7. 

Method A. Deoxygenation of furoxans 6(a-f) with triethyl phosphite: 
A solution of furoxan 6(a-f) (0.5 mmol) in triethyl phosphite (5 ml. excess) was 

heated under reflux for 1 h and then was concentrated under reduced pressure in a 
rotary evaporator up  to  dry. The residue was dissolved in chloroform, washed with 
water and the organic layer dried with anhydrous sodium sulfate and concentrated 
to a small volume. Furazan 7f was precipitated and isolated from the concentrated 
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mixture. The other concentrated reaction mixtures were separated by preparative 
TLC on silica with chloroform. Furazan 7d was isolated in low yield. Furazans 
7(a.c) were isolated in traces and identified by 'H-NMR and mass spectroscopy. 
The expected furazans 7(b.e) were not detected in their reaction mixtures. 

Method B. Dehydration of diamino-glyoximes 4(a,d.f). 
Diamino-glyoxime 4(a.d.f) (1 mmol) was added to  a solution of sodium 

hydroxide (40 mg. 1 mmol) in ethylene glycol (3.5 ml) and the resulting mixtures 
was heated a t  140" C for 5 h. The solution was cooled to 25" C and poured into ice- 
water (10 ml) and was allowed to  stand for 12 h. The precipitated furazan was 
collected by filtration and crystallized (Table I) .  The prepared furazans 7(a.d.f) 
were identical to those prepared by method A.  

'An6  &vstFpciostq 6 ~ u r ~ p o r a y Q v  Bp~vQv pc 6 t ~ u a v o - 6 ~ q - N - 8 ~ s i 6 ~ 0  (2) fi p6 
6t~hwpoyhuokipq (3) n a p a o ~ s u 6 o O q ~ a v  o i  6taptvo-yhuokipsq 4(a-f) (Xxqpa I )  
~ a i  p&h&T1(]@~~& ĵl 60prj TOUS. Oi Evho~ tq  4(a-f) EFooav ~ a t 6  zljv 6ksiFooq zouq 
p6 6 t z p t c p O o p o a ~ ~ r o ~ u - t w 6 0 ~ ~ ~ ( 6 h t o  (5) 06 ~a?& &n066os t~  76 d lv t iozo t~a  
cpoupok6vta 6(a-f) 15x6 r h  BnoZa ~ a z b  z f p  E ~ ~ i 6 p a o q  cpwqcpop06q z p t a t O u h ~ o ~ 6 p a  
n a p a o ~ s u r i o - c q ~ a v  z6  cpoupa(6vta 7(a,c,d,f). T 6  cpoupa(6vta 7(a,d,f) n a p a o ~ ~ u a -  
orqKav Enioqq &n6 zrjv Bcpu6cizwoq rQv & v z t o t o i ~ w v  6 t a p t v o - y h u o ~ t p 6 ~  4(a,d,f) 
p6 ExiSpaoq 66pots16iou TOB vazpiou. M ~ h ~ r l j O q ~ a v  T& cpaopara IR, MS ~ c l i  'H- 
NMR Bhwv tQv Evhoswv. 'An6  zfi ouo-cqparuclj ~ a i  o u y a p t z t ~ l j  pshbzq zQv 
cpaopatwv 'H-NMR zQv Evhoswv 4(a-f), 6(a-f), 7(a,c,d,f) ~ a O h q  cai TQV kvhoswv 
4(f-1) ~ a i  6(f-j) nod Bvacpipovzat or l j  ptphtoypacpia ( I I i v a ~ a S  111) npo~ l jnzs t  8z1 
06 &vziOsoq p t  zrjv npozs tv6p~vq ozfi PtPhtoypacpia dpcpi-60pq yta  rrjv Evwoq 4f 
c a i  y ta  ghhsq &vcihoys~ 6taptvo-yhuokips~, oi  Evhostq 4(a-f) Epcpavi(ovra~ 
o u p p ~ ~ p t ~ 6 q  ~ a i  n p o r ~ i v ~ z a t  yt '  a h 6 <  ̂ jl Bvri-60plj 8a ( X ~ q p a  2). 
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A Preliminary Communication is a brief 
report of work, which will be included in a later 
normal-length paper. Criteria for its publication are 
first, when it is considered that the science would be 
advanced if results were made available as soon as 
possible to others working on the same subject and 
second, for the protection of priority for the author. 
Every endeavour is made in order to publish 
preliminary communications as soon as possible and 
it would help the editors if the authyr, in a covering 
letter, were to give his reasons for believing that 
publication is urgent. Although extensive references 
tq the earlier literature are not usually needed, the 
most recent papers on the same subject should be 
referred to, and sufficient experimental details 
should be given so that those familiar with the 
subject can immediately repeat the experiments. In 

general, preliminary communications should be 
more than an abstract or a summary. 

As Letters are characterized any other types 
of communications, previously included in the terms 
"letter to editor" or "communication to editor", but 
not fulfilling the criteria mentioned above for a 
preliminary communication or a note, or dealing 
with scientific criticism of pulished work in this (or 
other) journals. 

Reviews should be fully comprehensive on a 
narrow field of specialized research, expected to be 
interesting for a broad number of scientists; they are 
invited papers, otherwise submitted after contacting 
the editors. 

Organization of Manuscripts. - Authors should 
submit three copies of the manuscript in double- 
spaced typing on the one side of pages of uniform 
size, with a margin 5-cm wide on theleft; this applies 
also to summaries, references and notes, legends to 
figures etc. 

Every manuscript should begin with a Cover 
Page and attached to it on a separate sheet, the 
Aknowledgments and notice of grant support (if 
appropriate). 

I h e  cover page should contain the title, the 
name(s) of author(s) (first-name in full, middle, 
surname), the name and adrress of laboratory of 
research, the footnotes to the title and/or to an 
author's name (both made with asterisks), and the 
name and address of the galley proofs' recipient. 
It should also contain a Running Title. not exceeding 
40 letters. 

The purpose of this arrangement is to 
facilitate the reviewing procedure, which is based on 
a protective anonymity between reviewers and 
authors, chosen in order to meet the requirements of 
a highly objective selection of papers to be published 
in this jouinal, and to increase the validity of 
criticisms. Cover page and aknowledgements are not 
sent to reviewers and accordingly, sentences in first 
person accompanied by literature references to 
earlier papers of the author(s) should be completely 
avoided in the text. In spite, authors are encouraged 
to suggest possible reviewers for their papers. 

The next pages of the manuscript should be 
numbered in one consecutive series by the following 
sequence: . 

Page 1. - Title followed by a summary in 
the language of the text. The title should consist of 
carefully selected and properly presented key words 
which clearly identify the subjects considered in the 
paper. The summary should be as brief as possible 
but intelligible in .itself, without reference to the 
paper, and containing sufficient information to serve 
as an abstract. 

Every summary should end with up to ten 
key words, necessary to direct the attention of 
abstracting services and readers to subjects in the 
article that are not referred to in the title. 



Page 2. - Abbreviations and Ternunology, 
ie. a list of all abbreviations and unusual terms used 
in the paper; it may include the systematic name of 
any compound, mentioned in the text by a shorter 
"trivial" or "common" name. 

Page 3 and subsequent. - The text divided 
into sections and, if necessary, subsections. The first 
section of a normal-length paper is always an 
Introduction. stating the reasons for performing the 
work, with brief reference to previaus work on the 
subject; the back-ground discussion should be 
restricted to pertinent material, avoiding an 
extensive review of prior work; and documentation 
of the literature should be selective rather than 
exhaustive, particularly if reviews can be cited. 

The arrangement of the text after the 
introduction is left to the author(s). The order 
Materials, Methods, Results and Discus.sion, with 
headings, subheadings and sideheadings chosen by 
the author(s), is usually the most satisfactory. 
However, in lengthy papers (usually, of synthetic 
work) the manuscript may be organized so that the 
principal findings and conclusions are concisely 
presented in an initial section (Theoretical Part), 
with supporting data, experimental details, and 
supplementary discussion in a separate section 
(Experimental Part). 

The pages of the text should not contain 
tables and figures as well as footnotes. The proper 
positions of tables and figures should be indicated by 
an arrow in the margin. The explanatory footnotes, 
will appear together with the literature citations at 
the end of the paper, in the section References and 
Notes (see below). Therefore, they should be 
numbered in one consecutive series by order of 
mention in the text, using reference numbers in the 
form of superscripts (not in parentheses), placed 
after any mark of punctuation. 

Subsequent Pages.- After the text pages 
separate sheets bhould be used for the following: a) 
english summary; b) greek summary; c) references 
and notes; d) tables; and e) legends to figures 
attached to the corresponding figures or illustra- 
tions. 

The english summary, headed by an english 
translation of the title, is needed only when the text is 
not written in english; it should be a translation of the 
summary of page 1. 

The greek summary, headed by a greek 
translation of the title, is needed only in foreign 
papers. In contrast to the rule, this summary should 
be extensive and may refer to literature citations and 
to tables or figures of the paper, in order to give a 
brief but factual account of the contents and 
conclusions of the paper, and of its relevance; for this 
purpose, it may exceed half printedpage. In its place, 
foreign authors may submit an extensive summary in 
english, which will be gladly translated into gee& by 
care of the editors. 

References and Notes, as already mentioned, 
should be brought together at the end of the paper in 
one consecutive series by order of citation in the text 
(not in alphabetical order). Authors should check 

whether every reference in the text appears in the list 
and vice versa. References to papers "in press" 
imply that the paper has been accepted for 
publication and, therefore, the name of the journal 
should be given. References to a "personal 
communication" (never "private") will be accepted 
only when the author submits written permission of 
the worker concerned. References should be listed 
according to the following style: 

For journal articles:' Last name(s) of 
author@) and initials: "Title of article" (desirable, 
but left to author's decision), Name of journal 
(abbreviated according to Chemical Abstrects, 
1961, or to Biological Abstracts, 1968, and their 
supplements), Volume number, First page of article, 
Year in parentheses. 

Example: 1 Smith, J.B. and Jones, A.B.: 
"Synthesis of ethyl alcohol", J. Am. Chem. Soc. 47, 
115 (1945). 

For books and monographs? Author's names 
as above: Title of book, (Number of edition), Page, 
Publisher, City, Year of edition. 

Example: 2 Smith, J.B.: Organic Chemistry, 
(2d edition), p. 57, Wiley, London (1945). 

For multi-author volumes (Articles in  book^):^ 
Authors' names as above: "Title of article" in ... 
Name of editor(s): Name of book, Volume number . 
and, if appropriate, Part number, page(s), Publisher, 
City, Year of edition. 

Example: 3 Smith, J.B.: "Synthesis of ethyl 
alcohol" in Jones, A.B.: Organic Chemistry, Vol. 5. 
Part A, p. 57 (or pp. 46-62), Elsevier, Amsterdam, 
1953. 

Tables should be typed on separate sheets 
numbered with Roman numerals, and provided with 
a descriptive title, making clear the kind of results 
presented in the table and the experimental 
technique(s) used. A legend describing the way the 
particular experiment(s) was carried out, should be 
given below the title. (It is usually preferable to give 
such details here instead of in the text). The units in 
which the results are expressed may be given either 
in the legend, or in the columns' headings. In 
general, the title together with the legend and the 
column headings should make a table intelligible 
without reference to the text. Velxical lines are not 
used to separate columns. Lines or columns largely 
empty should be avoided; details referring to one or 
two isolated items (e.g. an abnormal feature of a 
single experiments) should be given as footnotes to 
the table, indicated by superscript lowercase letters 
or asterisks. Considerable thought should be given to 
the layout of tables (and figures) so that the 
significance of the results can be most readily and 
quickly grasped by the reader. If is surprising 
sometimes how much easier is to understand the 
results presented in a table if it is turned through 90". 

Legends to figures should not be written on 
the figures but should be typewritten, each on a 
separate sheet attached to the corresponding figure. 
The legend should begin with the number of figure in 
Arabic numerals, and provided with a descriptive 
title and experimental details, as for tables. 
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