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Abstract

The reaction of hydrazine vith copper(II) chloride in acidic aqueous solution

has been shiown to produce at least four distinct complexes. Hydrazine behaves as

a reducing agent, leading to the white, diamagnetic copper(I) complex (N2 H4 )CuCl

and the black paramagnetic mixed-valence copper(IIII) complex (N2 H5 )2 Cu3Cl 6.

Blue and green copper(II) complexes (N2H5 )2CuC1 4 *2H2 0 and (N2 H5 )CuC1 3 are also

formed. Infrared spectra establish the presence of roordtnated hydrazinium ions

in the b'Ie, green, and black compounds. Structures are proposed for all of these

materials based on spectroscopic and magnetic measurements. Significant exchange

interactions are present in the chloride-bridged linear chain complex (N2H5 )CuCl 3 .

The structure of the complex (N2H5)CuCl 3 has been determined from single crystal

X-ray counter data. The complex crystallizes in the orthorhontmic space group Pnma

with 'uur molecules in a cell of dimensions a - 14.439(2), b 5.705(1), and c =

6.859(1) A. The structure has been refined by full-matrix least-squares techniques

to a conventional R-factor (on F) of 0.042 using 538 independent observations.

The entire formula unit (with the exception of some of the hydrogen atoms) is

constrained to lie on a mirror plane. The structure consists of infinite chains of

dlchloro-bridged dimers, in which one chloride ligand serves to propagate the chain in

both directions while the other two chloride ligands do not. Thus, one chloride

ligand is .oordinated to three copper atoms with an in-plane distance of 2.297(1) A

and two out-of-plane separations of 2.8560(5) A, while the other two chloride ligands

are each coordinated to only a single copper center with bond lengths of 2.280(1)

and 2.298(2) A. The Cu-Cu' separation and bridging Cu-Cl-Cu' angle in the chain
0

are 3.751(1) A and 92.79(3)0, respectively.
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Introduction

Hydrazine, like other polybasic ligands, offers the possibility of several

different types of coordination behavior toward transition metals. It can, of

course, function as a monodentate ligand, but may also serve as either a bridging

or chelating biJentate ligand. -Although numerous examples of both monodentate

and bridging hydrazine have been demonstrated crystallographically, no verified

examples of chelatively bound hydrazine have been reported. 2 Another coordination

possibiliiy exists*'as well. The mono-protonated hydrazinium cation, N2H5 +, retains

a basic site, and should be capable of coordination. Although postulated in certain

cases, the only adequately characterized complexes containing coordinated hydrazinium

ion are the series [MII(N 2H5 ) 2 (SO4 ) 2]n, M = Cr, Co, Ni, Cu, or Zn.3 A further

complication, or possibility exists for the interaction of hydrazine with

transition metals; hydrazine is a potent reduc'ng agent in aqueous solution, so that

depending upon the particular metal ion involved, various redox reactions are possible

* in addition to the coordination possibilities.

We have been interested in the relationship between the structural properties

and magnetic exchange interactions in chloride-bridged dimeric copper compounds. 4

Since the number of chloride-bridged copper dimers is rather small, we have attempted

to prepare new examples of this structural type. The complex di-u-chloro-bis[dichloro-

(guaninium)copper(II)] dihydrate is known to be a chloride bridged dimer, 5 and it is

also one of the few structurally characterized examples of a transition-metal complex

containing a positively-charged ligand. We reasoned that complexes of similar

stoichiometry, and possibly comparable geometry, might be available from the

reaction of copper salts with a variety of polybasic ligands under conditions where
L

monoprotonation of the ligand Is expected. We report here our results on the

reactions between hydrazine and copper(II) chloride in acidic nedia, reactions which

appear to involve redox reactions as well as coordination of both neutral and

r protonated hydrazine. -
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Experi mental

Preparation of Complexes

In general, it appears that most of the complexes discussed in this work may

be formed under a wide variety of reaction conditions, and in fact most reactions

led to mixtures of products. The preparative details outlined here are those which

we believe to be the most facile routes which lead reproducibly to pure products.

Hydrazinium trichlorocupratRe(II). Addi.tion of 4.6 g (44 mmoles) of.N2 44.'2HCI -

to a solution of 7.5 g (44 mmoles) of CuCl 2 .2H2 0 in 25 ml of 3M HCl produced an

immediate light green precipitate which was filtered from the solution. Upon

refrigeration the filtrate deposited bright green crystals of product.

Anal. Calcd. for (N2H5 )CuCl 3 : Cu, 31.31; N, 13.80; H, 2.48. Found: Cu, 31.19;

N, 13.52; H,-2.52.

Bishydrazinium tetrachlorocuprate(II) dihydrate. The initially formed light

green precipitate (see above) was added to 40 ml of 3 M HCN and heated to 45WC for

a few minutes. Following filtration the solution was refrigerated; shiny blue

crystals deposited.

Anal. Calcd. for .N2HS) 2CuCl 4'2H2 0: Cu, 20.66; N, 18.22; H, 4.59; Cl, 46.12.

Found: Cu, 20.42; N, 18.24; H, 3.68; Cl, 46.20.

Bishydrazinium hexachlorotricuprate(I1,,II). A solution of 3.5 g (20 mnoles)

of CuC1 2 .2H20 and 2.2 g (20 mmoles) of N2H4 *2HCI in 30 ml of 3M HCI was heated to

750, with stirring, for approximately five minutes. Upon cooling to room temperature

black crystals forfied which were filtered, washed with 3M HCl and acetone, and

air-dried. (If the solution is allowed to remain in contact with the air prior to

isolation of the product, a green crust forms on the surface).

Anal. Calcd. for (N2 H5 .12 Cu3 Cl6 : Cu, 40.61; N, 11.94; H, 2.15; Cl, 45.31.

Found: Cu, 40.39; N, 11.58; H, 2.18; Cl, 45.40.
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'4ydrazinechlorocuprate(I). A sclution of 8.0 g (47 mmoles) of CuC12'2H2 0

4-• and 4.8 g (46 nrnoles) of N2H4 .2HCl in 45 ml of I M HCI was heated to near boiling

for approximately 10 minutes. Upon standing at room temperature the solution

deposited shiny white crystals. The solution was filtered in a nitrogen-filled

glove bag and washed with water to remove traces of a black impurity which was

- - -commonly present.

Anal. Calcd. for N2H4 CuCI: Cu, 48.49. Found: Cu, 48.42. The instability of this

.compley..(see text) preclided-other.mean4ngful microanalyses. -

Meas urements

Magnetic susceptibilities as a function of temperature and applied field were

measured as has been described previously. 6 Data were corrected for diamagnetism

of the constituent ions and for temperature independent paramagnetism, (TIP),

estimated to be 60 x 10-6 cgsu for Cu(II).

Electronic spectra in the visible and near-infrared regions were obtained

using a Cary 14 spectrophotometer. Samples were prepared as Nujol mulls on filter

paper. The quality of the spectra was limited by thermal decomposition of the

materials in the spectrometer light path.

Infrared spectra for samples prepared as both KBr pellets and Nujol mulls on

KBr plates were obtained using a Beckman IR-20A spectrophotometer. Low-frequency

(500-100 cm-I) spectra of Nujol mulls on polyethylene plates were obtained using

a Digilab FTS-14 FT interferometer.

Room-temperature EPR spectra were obtained using a Varian E-3 spectrometer.

The magnetic field was determined directly from the calibrated chart paper. This

technique was checked with a Magnion G-502 precision gaussmeter, a Hewlett-Packard

5245 L frequency counter, and a DPPH sample; the results Indicated that the accuracy

was better than 1%.

Analyses were performed by Integral Microanalytical Laboratories, Inc.,I I ~~Raleigh, N. C. -- -
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Results and Discussion

There have been a number of reports of the reaction of copper complexes with

hydrazine. In aqueous solution, reaction of copper(II) salts with hydrazine

hydrate leads to complexes Cu2 (N2H4 ) X2 , which have been characterized as con-

taining bridging hydrazine by analogy to the Mr+ 2 and Zn+2 analogs.2 Distinct

dihydrates 7 '8 (for X2 . S04
2 - and X - Br-) and two monohydrates 7' 9 (for X - I- and

X - Ci1) of this general formula have also been reported, and solution equilibrium

measurtinents have indicated the existence of Cu(N 2H4 )y+2 , y+ - 1,2,3,4,5.10 if

copper chloride is neutralized to pH - 7 prior to reaction with hydrazine, a

diamagnetic complex, presumed to be a diimidr -omplex of copper(l), Is formed. 1

Oxidation of substituted hydrazines by cupric -alts in aqueous solution leads to

isolable and well-characterized diazine complexes, 12-14 e.g., (CH3N-NCH3 )Cu2 Cl2.

15,16
Distinct hydrazine complexes of copper(I) , as well as mixed-valence copper(I,II)

complexes with substituted hydrazlnes,17.18 have also been reported. There has

apparently been only one report of the reaction between copper([I) complexes and

hydrazine in acid solutions. 19 Although no characterization other than analytical

formulations was provided, three of the complexes reported (the blue, green, and

black complexes)appear to be identical to those found in our study.

The course of the reaction between hydrazine hydrochloride and copper(II)

chloride in hydrochloric acid solution, and hence the identity of the products

isolated, is highly dependent upon the specific conditions used - reagent and acid

concentrations, reaction temperatures, duration of reaction, and crystallization

temperatures. In fact, in a typical reaction all of the products (hereafter

referred to as the blue, green, black, and white complexes) to be discussed are

formed, but in varying yields and purity. The conditions outlined in the experimental

section are simply those which we have found to be most likely to lead to the pure

complexes in reasonable yield. In investigations of the kinetics of oxidation of

hydrazine by various reagents, it has been claimed that cupric ion does not react

- ___
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20
at an appreciable rate with hydrazine in acid solution. However, under the

conditions of high concentration and elevated temperature used in our preparative

work, redox reactions are facile, as judged by both the extensive gas (presumably

nitrogen) evolution observed and the isolation of distinct copper(I)

containing products.

Although all of the products are sufficiently stable that they may be

readily isolated and characterized, color changes indicate that, over long periods

of time, most undergo some reaction. The variety of color changes which do occur

suggest that several more stable copper-hydrazine phases may exist. Indeed,

instability is not surprising for complexes containing both oxidizing and reducing

agents. The white complex, (N2H4 )CuCl, is readily air-oxidized, and unless it is

isolated in an inert atmosphere the resulting product is gray or black in color.

Based on EPR spectra, the black material which forms upon exposure of the white complex

to air is not thý black mixed-valence complex discussed in detail below. Over

long periods of time, the formation of a green color is observed as well. The

specifics of the color changes obser% ,d for the Cu(II) complexes are somewhat

unexpected. Upon standing open to the air for a period of several months, the

green complex (N2H5 )CuCl 3 turns black, although samples in closed vials retain

their green color. In contrast, the blacked mixed-valence complex (N2H5 ) 2 Cu3CI6

develops a green color upon standing in closed vials over a period of a few weeks.

Of the complexes examined in this work, only the color of the blue (N2H5 )2 CuC1 4 "2H20

appears to be unchanged with time. It should be emphasized that, based on EPR

measurements, these decomposition products do not represent simple interconversions,

e.g., the green product derived from decomposition of the black (N2H5 )2 Cu3 Cl6 is

not equivalent to the green complex (N2H5 )CuC1 3.

The sensitivity of these compounds was further demonstrated during our attempts

to obtain infrared spectra. Although the white and black complexes yielded KBr

pellets readily, grinding the blue complex with KBr produced a green mixture, and

- -
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grinding the green complex with Or produced a light orange mixture which

darkened with time. Although such color changes could be indicative of pressure

induced decomposition, it is more likely that they represent solid state reactions,

either bromide for chloride metatheses or cleavage of bridging halide bonds.

That the proper explanation is halogen exchange is suggested by the observation

that these color changes do not occur upon grinding with potassium chloride.

These materials which we have prepared are sufficiently different that we

will examine them individually in. the discussion 4ich follows.

(N2H4 )CuCI. This white complex is quite air-sensitive, turning grey and

then black upon exposure to air. Air-oxidation is likely, given Its

formulation as a copper(1) complex. Also, the static susceptibility measurements

and epr spectra are in accord with its formulation as a copper(I) complex.

The comound is diamagnetic, and the weak EPR signals, which increase with

exposure to air, may be attributed to copper(ll) oxidation products.

There have been only a few reports of complexes of hydrazines with copper(I).

Reaction of anhydrous hydrazine with anhydrous copper(ll) chloride near O°C gives

the white solid CuC1 2.3N 2H4 (sic), which was formulated 16 as a mixture of

N2 H4 .HCl and CuCI'2N2H4 . The same copper complex CuClI2N2H4 was more simply

prepared from reaction of copper(I) chloride with anhydrous hydrazine. Based

on an observed conductivity in hydrazine which is appropriate for a 1:1 electrolyte,

the complex was postulated to be the linear cationic species [Cu(N 2 H4 )]+CI'. 16

This formulation is somewhat suspect, however, since the reported nitrogen

infrared stretching frequency, 959 cm 1, is in the range expected for either

bridging hydrazine or monoprotonated hydrazine.21 More closely related by

empirical formula to the present compound is a white complex of phenylhydrazine,

(C6 H5NHNH 2 )CuI, which may be prepared from the copper(1) salt. 12 Perhaps the

best model for the expected structure of (N2H4 )CuCI is the analogous species

-: 4
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(N2 H4 )CuCN, a material whose structure has been determined crystallographically.15

In this complex infinite zigzag chains of cyanide bridged copper ions are bridged

by hydrazine, forming inf nite puckered layers which nest together. We propose

a similar structure for (N2H4 )CuC1, based on the following reasoning. First, the

physical properties of the crystals are correct. As initially formed, the crystals

of (N2 H4 )CuCl have the appearance of mica. This is compatible with a layered

structure as observed for (N2 H4 )CuCN. Infrared spectra are also compatible with

this formulation. Previous work21 has shown that VN-N for unidentate hydrazine

falls in the range 931-936 cm-l, whereas vN.N for bridging hydrazine falls in the

range 948-980 cm"I. The value of 960 cm"I observed here for (N2H4 )CuCI clearly

establishes the presence of bridging hydrazine. This result is again compatible with

the proposed structure.

The synthesis of this compound is undoubtedly the least predictable of all

the materials examined, and the preparation is very sensitive to reaction conditions.

Upon occasion, efforts to synthesize (N2H4 )CuCl have led to the isolation of CuCl,

which was identified by analysis, crystal morphology, and lack of air sensitivity.

Attempted preparation of the complex in more dilute acid (0.01 M) led to a complex

of apparent composition (N2 Hs)CuCl 2 . This white, diamagnetic, solid decomposes

thermally in vacuo to produce hydrazinium chloride. Efforts to reproducibly prepare

this material in pure form were unsuccessful.

(N2 H) 2Cu3C16. One of the most surprising materials formed in these studies

is (N2 H5 ) 2Cu3C16, a compound which appears as opaque black crystals. This formula-

tion, which involves protonated hydrazine as either ligand or counterlon, requires

that copper be present as a ml.(ture in the +1 and +2 oxidation states. Analytically,

the only d istinction between this formulation and one involving neutral hydrazine

(and hence a singly-valent copper(II) complex) would be the hydrogen content. I
Although it might be argued that the accuracy of the analyses is insufficient to

A
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distinguish these possibilities, the mixed-valence formulation is clearly favored,

and a variety of magnetic and spectroscopic evidence provides firm support for the

existence of both oxidation states.

Infrared spectra demonstrate the existence of hydrazinium cations and thus

provide confirmation of the mixed-valence nature of the complex. The N-N stretchin

frequencies of hydrazine and its salts and complexes are generally sufficient to

distinguish the various roordination possibilities. 2 1 The uncoordinated hydrazini,7m

ion has VNN in the range of 958-965, depending on the counterion, and this may be

contrasted to free hydrazine, which has VNN - 885 cm" 1 . Although the free hydrazinium

ion may be distinguished from ,,-didentate hydrazine (VNN - 931-936 cm- 1 ), there

is some overlap with bridging hydrazine ("NN - 948-980 cm-1 ). However, coordinated

hydrazinium cation may be distinguished from all other possibilities 22 by Its high

N-N stretching frequency near 1000 cm1. (N2 Hs) 2Cu3C16 exhibits VNN - 1000 cm 1 in

Nujol mulls, atid a doublet VNN - 1000, 992 cm- 1 in KBr pellets. Although the

splitting of the band in KBr pellets may reflect either low symmetry in the complex,

solid-state effects, or reaction with KBr, it should be noted that the complexes

M(N2H5)2 (S04 )2 , which have symmetrically disposed hydrazinium ligands, also

apparently exhibit a doublet near 1000 cm" 1 . Thus, the existence of a coordinated

hydrazinium ion In (N2H5)2Cu3C16 is fairly well established by the infrared spectra.

More direct evidence for the existence of a mixed-valence copper complex

comes from measurements of the magnetic susceptibility. Over the temperature range
0

2-600K, the susceptibility exhibits Curie-Weiss behavior with a molar susceptibility

Ym, corrected for diamagnetic effects, given by

a0.446
Xm T +-.

wiere the susceptibility Is calculated per formula unit, e.g., for three copper ions.

This susceptibility leads to a room temperature magnetic moment peff295 . 1.88 B.M,

per formula unit. This value Is in the range typically found for Isolated copper(II)

KI
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ions, and demonstrates that of the three copper ions in the formula unit, only

I one is copper(Hi). By comparison, the magnetic moment calculated per copper ion

is Pef295 - 1.08 B.M. Such a value is much too low for non-interacting copper(Il)

ions, and since the linearity of the reciprocal susceptibility versus temperature

plots rules out significant exchange interactions, It must be concluded that two

of the three copper ions are present as copper(l), rather than copper(H).-

A large number of mixed-valence copper complexes are known.23 With both

amine and halogen ligands, the most commonly encountered formulations are species

of the sort [Cu A4. Cu X 2 , We propose that the complex (N2 H5 )2 Cu3C16 is a
similar species which is most appropriately formulated as LCuHl(N 2H5) 2 CI2 ]uCl 2 ]2 .

Unlike the simple amine complexes where the +2 cation results from coordination of

four neutral ligands to copper(It), in this case the +2 cation arises from the

coordination of two positively charged ligands and two negatively charged ligands

to copper(Il). Although other formulations are possible, the requirement for

coordinated hydrazinium ion, as demonstrated by infrared spectra, the lack of

magnetic exchange interactions between copper(IJ) sites demonstrated by magnetic

susceptibility measurements, and the similarity of the empirical formula to known

species establishes thejs as the most likely formulation. Although such an ionic

formulation could be verified through the measurement of conductivities, its

instability in solution precludes such measurements. The complexes [CuA4 ][CuX2 ] 2 ,

which range In color from dark green to dark blue, are claimed to be Class I

mixed-valence compounds, e.g., to contain noninteracting copper(J) and copper(II)

sites. 23 The deep black color of (N2HS) 2 Cu3Cl6, however, suggests the presence

Sof some 4nteraction, e.g., Class II behavior. Although no specific feature of the

electronic spectrum could be assigned as an intervalence transfer transition, the

very broad absorption through the entire visible region of the spectrunm is

consistent with the presence of several unresolved transitions. Weak interaction

"of copper(I) and copper(II) via bridging chloride seems likely, given both the
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proclivity of copper(II) to attain coordination numbers greater than four and

also the evidence for interaction via bridging cyanide in Cu3(NH3 )4 (CN) 4 . 24

(N2H 5 )CuCl 3 . Part of our initie•l interest In the complexes of hydrazine with

copper lay in the possibility of preparing, and then examining magnetically and

structurally, chloride-bridged-copper(II) dimers. By-analogy to the-structurally

characterized 5_ material di-u-chlorobis[dichloro(guaninium)copper(II)]dihydrate,

the green complex hydraziniumtrichlorocopper(II) appeared to offer the best

possibility for observing such behavior. In fact, the evidence shows that the

complex is a chloride-bridged polymer, rather than a dimer.

Infrared spectra of (N2Hs)CuCI 3 demonstrate the presence of the coordinated

hydrazinium ion. In the N-N stretching region, Nujol mull spectra exhibit a

single absorption at 995 cm" , and KBr pellet spectra exhibit a doublet at 1005

and 992 cm"-1 . As mentioned previously, there is a color change (from green to

orange) upon grinding this complex with IMr, and the apparent substitution

reaction may be responsible for the observation of distinct N-N stretching

frequencies in KBr pellets. As discussed above for (N2HS) 2 Cu3C16 , the observation

of the N-N stretch in this region unambiguously demonstrates the existence of the

coordinated hydrazinium ion.

Although somewhat inconclusive, low-frequency infrared spectra suggest the

presence of chloride bridging in (N2 H5 )CuC1 3 . The complex exhibits doublets at

309 and 300 cm"1 and at 268 and 262 cmo1 . There is only limited precedent for

the assignment of low-frequency infrared spectra of copper-halogen complexes, and

apparently no comparison of terminal and bridging copper-chlorine stretching

frequencies goes without debate. Published data 2 5 for a series of related complexes

suggests that terminal copper-chlorine stretching frequencies fall near 300 cm- 1 .

We have examined the far-infrared spuctra of several complexes known to contain

bridging chlorides, and find that in addition to absorptions near 300 cm-1
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(attributable to terminal Cu-Cl), there are absorptions in the range 260-280 cm 1

Thus. the observed absorptions at 268 anJ 262 cmn1 ir (N2 H5 )CuC1 3 are suggestive

of bridging chloride. For comparison, the complex (N2 HS) 2 Cu3 C16 , which

apparently contains no chloride bridges between copper(II) ions, exhibits no

absorptions in the 200-280 cm" 1 region.

The presence of multicenter spin-spin interactions, and-hence the necessity

of chloride bridges, is clearly demonstrated by the magnetic susceptibility.

Figure 1 is a plot of susceptibility versus temperature in the range 2-74 K.

As can be seen, the susceptibility exhibits a broad maximum centered at 11.4 K,

consistent with the presence of antiferromagnetic Interactions. The data could be

reproduced fairly well using the modified Bleany-Bowers expression26 (eq. 1) for

exchange-coupled copper(Il) dimers;

Xm a No 2 [1 + (1/3)exp(-2J/kT)]" + Na (1)

which results from a consideration of the eigenval-ies of (2), the

H - -2J SfS2  (2)

Heisenberg exchange Hamtiltontan. However, the value of one parameter

obtained from this fitting procedure is unreasonable. Although the values

2J - -6.5 cm"1 and g - 2.12 are in the range commonly encountered for chloride

bridged copper(lI) ions, the value of e - -15.5 K casts doubt on the validity

of the application of the dimer model to this complex. The parameter e is an

indicator of intermolecular Interactions. In this case, then, the results suggest

that the intermolecular exchange interactions are significantly larger than the

intramolecular exchange interactions, a conclusion which is clearly incompatible

with the existence of dimeric (N2 H5 )CuC1 3 .Li)UC3
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In order to understand this unusual magnetic behavior we have carried out

a structural determination by single-crystal X-ray diffraction methods. Green,

hexagonal plate-shaped crystals were obtained as stated above. On the basis of

Weissenberg and precession photographs, the crystals were assigned to the

orthorhombic system. The observed systematic absences- are Okl for (k+l) odd
16and ,ikO for h odd, which suggests that the space group is either Pnma ({2h) or

fPn2la(C2v 9 ). The former (centrosymmetric) choice was verified by the structure

refinement (vide Lnfra). The cell constants,obtained by least-squares methods,
0

are a a 14.439(2), b - 5.705(l), c - 6.859(1) A. The observations were made at
r @

a temperature of 22C with the wavelength assumed as X(MoKa 1 ) - 0.7093 A. A

density of 2.386 g cmn 3 calculated for four formula units per cell is in good

agreement with the value of 2.41(3) g cm 3 observed by flotation in chloroform/

bromoform mixtures. Hence, in space group Pnma, the copper atom and at least one

chlorine atom are constrained to lie on either an inversion center or a mirror

plane; only the latter choice is consistent with the known formulation of the

complex.

Diffraction data were collected from a crystal bounded by planes of the
forms (100), {001) and the faces (01T), (011), (021), (021). The distances between

opposite faces were as follows: (001) to (001), 0.13 mn; (100) to (TOO), 0.09 mm;

(011) to (011), 0.22 mm; (021) to (02), 0.27 mm. The crystal was mounted

approximately parallel to the crystallographic b-axis, and in this orientation

intensity data were collected on a Picker four-circle automatic diffractometer using

MoKa radiation and a graphite monochromator. The mosaicity of the crystal was

examined by means of the narrow-source, open-counter a-scan technique and was

judged to be acceptable.

Twelve reflections, accurately centered through a narrow vertical slit at

a takeoff angle of 1.20, formed the basis of the least-squares refinement of cell
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parameters and orientation using the logic documented by Busing and Levy for

the PDP-8/L computer.27

L Intensity data were collected at a takeoff angle of 3.3o, with a counter

aperture of 5.0 mm x 5.0 mm positioned 32 cm from the crystal. The data were

collected by the e-2e scan technique at a scan rate of 2.00 min1 The peaks

were scanned-from 0M80 to-2e below the calculated Kat peak position to 0.80 -

in-2e above the calculatt Ka2 peak position. Stationary-counter, stationary-

crystal background counts of 4s were taken at each end of the scan. The pulse-

height analyzer was set for approximately a 90% window, centered on the MoKa peak.

A unique data set having 3°<2a<55° was collected; a total of 717 intensities

was recorded. The intensities of three standard reflections, measured after every

100 reflections, showed appreciable decline during the run, and a linear correction

was applied to the data to allow for diminished intensity with cumulative exposure.

Data processing was carried out as described by Corfleld et al. 28  After

correction for background, the intensities were assigned standard deviations

according to the formula

o(1) * [C'+ 0.25(ts/tb) 2 (BH + BL) + (pl) 213/2

where the value of p was selcted as 0.05. The values of I and o(I) were corrected

for Lorentz-polarization effects, and for absorption. The absorption coefficient

for this compound for MoKc radiation is 52.2 cm"1, and for the crystal chosen the

transmission coefficients were in the range 0.31 to 0.44 with an average value of

0.40. Of the 717 data collected, 552 were greater than three times their estimated

standard deviations; in addition to the exclusion of data with I less than 3a,

fourteen data with ccunts greater than lxlO6 , which had flooded the counter,

were excluded. Thus 538 data were used in the subsequent structure analysis and

refinement.

'd•' • i•I I iIIl~jI I~ II~~l" l~lI~ Ii llHIIIIIII• iili I I ••=7=
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The structure was solved by direct methods using the highest 145 normalized

structure amplitudes (E's) in the program MULTAN. 29 '3 The chosen solution, which

had an RKarle of 21.11 and an absolute figure of merit of 1.0557, gave an E map

that clearly revealed the location of the copper and three independent chlorine

all on the crystallographic mirror plane at y - 1/4. A structure factor calculation

followed by a difference Fourier synthesis revealed the positions of the two

nitrogen atoms, also on the mirror plane. Isotropic least-squares refinement of these 6

positions led to values of the conventional agreement factors R1 a ZrIIFoI-(FcIj/rfFoI -

0.189 and R2 - [zw(iFoI-iFc!) 2 /WFo 2 1/ 2 = 0.276. All least-squares refinements in

this study were carried out on F, the function minimized being Zw(IFol-IFcl) 2, where

the weights w were taken as 4F0
2 /o 2 (F0

2 ); In all calculations of Fc, the atomic

scattering factors for nonhydrogen atoms were from International Tables 31 while

those for hydrogen were from Stewart et al. 32 Subsequent anisotropic least-squares

refinement on these atoms gave R1 - 0.062 and R2 - 0.077. The hydrogen atoms were

then located in a difference Fourier map. Attempts to refine these hydrogen atom

parameters were not successful. An attempt to refine the structure in the non-

centrosymmetric space group Pn2la Can alternate setting of the conventional Pna2 1

(No. 33)] was also unsuccessful in that the y-coordlnates of the heavy atoms and

their ass)eiated thermal parameters oscillated wildly. Least-squares refinement

was therefore continued in the centrosymmetric space group Pnma, with the hydrogen atoms

assigned fixed Isotropic thermal parameters which exceeded the Isotropic thermal para

meter of the atom to which they were bonded by 1.5 A2. In the final cycles of least-

squares refinement, no hydrogen parameter was varied, non-hydrogen atoms were refined

anisotropically and the data were corrected for secondary extinction, 3 3 ' 4 yielding

final values for R1 and R2 of 0.042 and 0.059, respectively. In the final cycle of

least-squares refinement, no parameter experienced a shift of more than 0.03a,, which is

taken as evidence of convergence. The positional parameters, along with their standard

deviations as estimated from the inverse matrix, are listed in Table 1. The

thermal parameters and a compilation of
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of observed.and calculated structure amplitudes are available as supplementary

material. The final value of the extinction coefficient was 7(2) x 10-8.

Description of the Structure

The complex is polymeric in the crystal, the coordination around each copper(II)

center being the commonly observed tatragonally elongated (4+2) octahedral. The

four In-plane (short) bonds are to the three chloride ligands, Cl(l), Cl(2), and

Cl(3) and to the nitrogen atom N(O) of the hydrazinium cation. The out-of-plane

(long) bonds are to the basal Cl(l) atoms of the copper atoms above and below.

The coordination around a single copper atom is shown in Figure 2, and views

of the bridging network and consequent chain structure are shown in Figures 3 and 4.

Since the copper and all the In-plane atoms in the complex lie on a crystallographic

mirror plane, these five atoms are strictly coplanar. This polymeric structure in

which one halide ligand is bound to three adjacent copper atoms while the others

are terminal is uncommon, but has been observed before in the bromide-bridged

polymers dlbromo[2-(2-amlnomethyl)pyridineJcopper(II) and dlbromo(2-methyl-I,2-
diamnnnt~nn~cnn~rIfl 35

daminopropane)copper(II);5 this present complex represents the first such example

involving chloride bridges, however.
The interatomic distances and angles observed in the complex are listod in

Tables II and III. The in-plane Cu-Cl bond lengths of 2.280(l). 2.297(1), and

2.298(2) A are similar to those found in a varletyof other chloro-brldged copper(II)

complexes. 36,37 The Cu-N bond of 2.061(5) A is longer than those of 1.971(2) and
1.984(2) A in and in most other copper-amine complexes, 39 but is

0

consistent with the reported length of 2.08 A in the zinc hydrazinlum complex

Zn(N 2H5 ) 2 (S04 )2 3

The Cu-Cu separation in the chain is 3.751(1) •, the out of plane Cu-Cl(l)'

and associated Cu-C'(l)'-Cu' angle being 2.8560(5) A and 92.79(3)*, respectively.
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Thus, the bridging geometry here Is different from that in the analogous bromide-

bridged chains referred to earlier 35 in that the bridging angle here Is obtuse
" while in those earlier structures it was acute. Indeed, in the present case

the out-of-plane interaction is stronger than those of 3.109(2) and 3.260(6) A
0

in the bromide-bridged species (allowing for a difference of 0.15 A between the

radii of Br and Cl) but the larger bridging angle causes the Cu-Cu separation to

be comparable with those of 3.866(2) and 3.737(6) A in these complexes.

The N(1)-N(2) bond length of 1.457(7) A is not significantly different from
0 40

the value of 1.451(5) A in neutral hydrazine and in neutral dimethyihydrazine.

The Cu-N(l)-N(2) bond angle is 119.l(3)*, apparently larger than the value of 1100

in the zinc complex.3 Since the hydrogen atom parameters were not varied, it is

difficult to make many conclusions concerning the hydrogen bonding in the crystals.

It is apparent, however, that there is a strong hydrogen bond between N(2) [which

has the additional proton] and the terminal atom Cl(3) of a neighboring chain;

the N(2)....Cl(3) distance and associated N(2)-H ... Cl(3) angle are 3.111(5) A and

1740.

(N2H2)2CuC1 4 2H2 0. This bright blue crystalline complex forms upon

recrystallization of the green (N2H5 )CuCl 3. Unlike the other materials, it

appears to be stable indefinitely. Although nitrogen, copper, and chlorine analyses

are quite good for the formulation given, the value for hydrogen is approximately

20% low. Similarly low, but variable, results were found for other preparations of

this material and probably reflect some decomposition pathway which complicates

the microanalysis.

Magnetic susceptibility measurements are consistent with the existence of

non-interacting copper centers. Over the temperature range 2.4 to IO0K the plot

of reciprocal susceptibility vs. temperature is linear, with an intercept of -2"K.

ji
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The data provide an excellent fit to the Curie-Weiss law, the susceptability being

given by
* 0.4605Sxm T- •1r cgsu.

The effective magnetic moment, 1.92 B.M., is normal for copper(II).

"Infrared spectra are again consistent withthe presence ofcoordinated

hydrazinium ion in (N2H ) 2 CuC1 4 2 H2 0. Observation of a single N-N stretching

-1
frequency at 1008 cm in KBr pellets (1016 cm 1 In Nujol mulls) rules out

- uncoordinated hydrazinium ion such as Is observed in (N2H5)2CdC14.

Based on the similarity in color and In empirical formula, it is tempting

Sto expect similar structures for this material and the previously characterized

(N2H5 ) 2 Cu(S0 4 ) 2. This latter complex has a linear chain structure with bridging

bidentate sulfate groups and trans hydrazinium ligands. Although magnetic exchange

* 42
interactions are extremely weak in (N2 Hs5)2Cu(S0 4 )2 , an analogous structure

involving chloride bridges would be expected to show magnetic behavior comparable

to (N2H5 )CuCI 3. Since the complex appears to follow the Curie-Weiss law down to

very low temperature, the magnetic measurements appear to preclude such a structure.

On the basis of the available evidence, then, we suggest that the most probable

Sstructure for (N2H5 ) 2CuC1 4 .2H 20 involve 6-coordinate monomeric copper complexes

trans-bis(hydrazinium)tetrachlorocopper(II).

Conclusion

We have demonstrated that the reaction of hydrazine with copper(II) chloride

In acidic solutions gives rise to a range of products differing significantly from

those obtained In neutral solutions. The results indtcate that protonated hydrazine

reacts as both a reducing agent and as a ligand, the specific products formed being

sensitive to conditions. Experiments designed to determine if this behavior is also

Ii
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characteristic of substituted hydrazines have just been initiated; preliminary

evidence suggests that a series of complexes is formed.
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Table I. Positional Parameters for [(N 2H5 )CuC1 3)

Atom x y z
c a 0,4S32( 1) 0.2500 0. 141"77 1)

CLt 0. 539 1( 1) 0.2500 -0.1341 ( 2)

CL2 0.37S1( 1) 0.2500 0.43701 2)

CLO 0.3191( 1) 0.2500 -0.03291 2)

II 0.5706 j 3) 0.2500 0.3166 7)

M2 0.6611( 3) 0.2500 0.2245( 1)

to.Ila 0.575 0.130 0.375

5121 0.663 0.397 0.216

U123 0.711 0.250 0.309

a Hydrogen atom positions were not varied



i Table I1. Interatomic Distances (A) In (N2Hs)CuC1 3

Bond Distance

Cu-Cu 3.751(1)

Cu-CLl 2.297(1)

Cu-CL1' 2.856(1)

Cu-CL2 2.280(1)
Cu-CL3 2.298(2)
Cu-Ni 2.061(5)

Nl-N2 1.457(7)

r,

i
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Table IIl. Interatomic Angles (Deg) In (N2 H5 )CuC1 3

Atoms A!ngle

Cu-CL1-Cu' 92.79(03)

CL1-Cu-N1 91.95(14)

N1-Cu-CL2 84.84(14)

CL2-Cu-CL3 93.12(06)
CLI '-Cu-CL2 92.74(03)

CLI' -Cu-CL3 90.87(03)

CLI'-Cu-Ni 89.23(03)

CL. '-Cu-CL1" 174.15(07)

N2-Nl-Cu 119.06(31)

! .
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CAPTIONS FOR FIGURES .

Figure 1. Magnetic susceptibility as a function of temperature for Cu(hydrazinlum)-

Cl3. The solid line was calculated from the modified Bleaney-Bowersc-1
equation with the parameters 2J - 6.5 cm , g - 2.12, and e - -15.50K.

Figure 2. View of a single formula unit of Cu(N 2H5 )C13. Thermal ellipsoids are

drawn at the 50% probability level; hydrogen atoms are omitted for

clarity.

Figure 3. View of the bridging network in Cu(N 2 H5 )Cl3. The unlabeled atoms are

nitrogen atoms.

Ir* Figure 4. View of the packing of the formula units in the polymeric Cu(N 2 Hs)Cl 3

structure.
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SUPPLEMENTARY MATERIAL

Observed and calculated structure amplitudes ( electrons X 10) for t(N 2H )CuCl 3 ]2

I
C
I

S

1f



H K L FO PC H KOL FC H K L PC PC

0 0 2 199 124 1 5 6 126 124 3 0 5 427 414
0 0 4 744 687 1 6 1 232 202 3 0 6 466 452

0 0 6 416 389 1 6 3 326 285 3 0 7 280 275

0 0 8 83 83 1 6 4 195 178 3 0 8 340 335

0 1 3 45 37 2 0 1 389 337 3 1 1 160 155

0 1 5 329 318 2 0 2 606 546 3 1 2 499 527

0 1 7 88 84 2 0 3 687 643 3 1 3 698 679

0 2 2 129 134 2 0 4 1093 1018 3 1 4 362 349

0 2 4 556 589 2 0 5 415 384 3 1 5 157 144

0 2 6 347 341 2 0 6 416 392 3 1 6 242 224

0 2 8 78 75 2 0 7 70 77 3 1 7 298 295

0 3 1 593 554 2 0 8 225 236 3 1 8 292 290

0 3 3 35 46 2 1 1 359 397 3 2 1 343 371

0 3 5 201 220 2 1 2 767 813 3 2 2 722 777

0 3 7 69 73 2 1 3 222 229 3 2 3 690 723

0 4 2 91 95 2 1 4 73 71 3 2 4 500 520

0 4 4 389 393 2 1 5 181 176 3 2 5 335 351

0 4 6 236 234 2 1 6 56 40 3 2 6 390 393

0 4 7 60 0 2 1 7 308 296 3 2 7 236 242

0 5 1 291 264 2 1 8 165 161 3 2 8 295 298

0 5 5 118 113 2 2 1 348 382 3 3 1 87 92

0 6 0 818 720 2 2 2 430 449 3 3 2 362 378

0 f; 2 66 53 2 2 3 495 506 3 ,3 3 437 453
0 6 4 254 226 2 2 4 807 846 3 3 4 227 242
0 7 1 130 107 2 2 5 332 332 3 3 5 117 119
1 0 2 46 21 2 2 6 340 341 3 3 6 180 187

1 0 4 668 602 2 2 7 58 71 3 3 7 202 220
1 0 5 69 63 2 2 8 202 211 3 3 8 206 223
1 0 6 516 504 2 3 0 571 638 3 .4 1 236 236
1 0 7 748 712 2 3 1 273 289 3 4 2 458 464
1 1 1 235 250 2 3 2 450 451 3 4 3 470 466
1 1 2 84 72 2 3 3 129 132 3 4 4 337 337
1 1 3 38 29 2 3 4 48 146 3 4 5 223 237
1 1 4 618 572 2 3 5 111 111 .3 14 6 260 272
1 1 5 238 208 2 3 7 225 235 3 4 7 162 173
1 1 6 322 299 2 3 8 124 127 3 95 1 63 60
1 1 7 258 255 2 4 0 507 529 3 5 2 197 191
1 1 8 128 126 2 4 1 268 273 3 5 3 249 242

1 2 1 621 636 2 4 2 275 271 3 5 4 146 148
1 2 3 794 830 2 4 3 317 308 :-3 5 5 78 78

1 2 4 499 515 2 4 4 547 549 3 . 5 6 126 125
1 2 5 73 67 2 4 5 220 222 3 6 1 142 127
1 2 6 427 434 2 4 6 231 234 3 6 2 269 250
1 2 7 624 634 2 4 7 49 54 3 6 3 279 250
1 3 1 154 148 2 5 1 147 143 3 6 4 198 182

1 3 2 41 47 2 5 2 251 239 3 6 5 131 132
1 3 4 396 408 2 5 3 68 61 3 7 2 87 77

1 3 5 165 168 2 5 5 54 51 4 0 0 159 151

1 3 6 212 225 2 6 0 302 282 4 0 2 417 380
1 3 7 180 193 2 6 1 164 144 4 0 3 615 571
1 3 8 94 97 2 6 2 156 140 14 0 14 498 471

1 4 1 407 392 2 6 3 177 162 4 0 5 461 419
1 4 3 550 535 2 6 4 330 303 4 0 6 382 358
1 4 4 341 334 2 6 5 128 121 f4 0 7 149 145
1 14 5 50 55 2 7 0 170 146 4 0 8 310 309
1 4 6 287 295 2 7 1 57 57 4 1 0 78 65
1 4 7 429 449 2 7 2 129 113 u 1 1 231 234
1 5 1 77 72 3 0 1 435 432 4 1 2 578 597
1 5 4 240 232 3 0 3 901 844 4 1 3 254 239
1 C 5 106 103 3 0 4 66A 616 4 1 14 402 370



H K 1. PO FC H K L FO FC H K L FO FC

4 1 5 332 311 5 4 3 48' 48 7 1 3 R3 75
4 1 6 134 130 5 4 4 103 103 7 1 4 136 137

4 1 8 47 46 5 4 6 142 148 7 1 5 117 107

4 2 0 44 32 5 5 1 1il 118 1y 1 6 81 74

4 2 1 814 902 5 5 3 211 220 7 1 7 66 67
ti 2 2 300 327 5 6 1 222 216 7 1 8 99 95

4 2 3 474 510 5 6 2 450 446 7 2 1 368 391
4 2 4 383 400 5 6 4 57 57 7 2 2 761 838
4 2 5 368 376 6 0 0 275 257 7 2 3 91 96
4 2 6 319 313 6 0 1 740 736 7 2 (4 267 275
4 2 7 120 124 6 0 2 278 264 7 2 5 149 156
4 2 8 270 277 6 0 4 330 322 7 2 6 481 481
4 3 0 36 35 6 0 5 1089 1045 7 2 7 86 S8
4 3 1 102 98 6 0 6 81 74 7 1 1 479 520
4 3 2 357 373 6 0 7 179 175 7 3 2 227 244
4 3 3 171 181 6 1 0 167 166 7 3 3 52 60
4 3 4 266 283 6 1 1 207 207 7 3 4 103 98
4 3 5 218 227 6 1 2 238 233 7 3 5 83 91

4 3 6 84 96 6 1 3 308 301 7 3 6 54 57
14 u, 1 510 5414 6 1 4 105 98 7 3 7 149 145

4 4 2 202 207 6 1 6 426 407 7 4 1 237 257
4 4 3 328 341 6 1 7 236 218 7 4 2 521 552
4 i 4 264 265 6 1 8 153 151 7 4 3 72 71
14 4 5 253 263 6 2 0 197 184 7 4 4 176 185

4 a 6 208 215. 6 2 1 572 623 7 4 5 98 108
4 4 7 76 80 6 2 2 213 242 F 4 6 318 339
4 5 1 60 61 6 2 4 251 255 7 5 1 266 282
4 5 2 201 202 6 2 5 913 915 "7 5 2 135 137
4 5 3 119 115 6 2 6 68 63 7 5 3 50 55
14 5 4 153 148 6 2 7 152 157 7 5 4 56 61
4 5 5 124 127 6 3 0 141 140 7 5 5 59 62
4 5 6 50 54 6 3 1 143 156 7 6 1 133 133
4 6 1 285 279 6 3 2 155 166 7 6 2 304 305
4 6 2 109 110 6 3 3 185 191 7 6 4 98 102
U 6 3 195 185 6 3 4 63 64 8 0 0 844 835
4 6 4 159 147 6. 3 6 292 310 8 0 1 562 562
4 "? 2 93 90 6 3 7 165. 171 8 0 2 1814 179
5 0 1 946 923 6 4 0 106 110 8 0 3 327 322
5 0 3 78 72 6 4 1 373 402 8 0 4 273 262
5 0 4 220 212 6 4 2 146 159 8 0 5 670 649
5 0 5 50 49 6 4 4 155 157 8 0 6 484 471
5 0 6 236 225 6 4 5 604 630 9 0 8 237 241
5 0 8 411 404 6 5 0 58 55 8 1 0 235 247
5 1 1 364 384 6 5 1 91 90 8 1 1 261 249

5 1 2 103 103 6 5 2 93 93 8 1 2 4Q 47
5 1 3 651 638 6 5 3 110 110 8 1 3 364 356
5 1 4 50 43 b 6 0 51 54 8 1 4 112 113
5 1 7 45 37 6 6 1 219 216 8 1 5 676 646
5 1 8 119 114 6 6 2 "'6 84 8 1 6 208 192
5 2 1 633 696 6 6 4 79 83 8 1 7 90 94

? 3 69 -72 7 0 1 442 445 8 2 0 6R3 671
5 2 4 157 168 7 0 2 985 977 8 2 1 471 1493
5 2 5 43 42 7 0 3 91 87 8 2 2 135 144
5 2 6 198 202 7 0 4 330 311 q 2 3 250 264
5 2 8 355 361 7 0 5 181 178 8 2 4 212 224
5 3 1 215 240 7 0 6 556 545 8 2 5 569 566
5 3 2 38 44 7 0 7 100 100 8 2 6 409 415
5 3 3 392 421 7 0 8 196 196 P 3 0 179 178
5 4 1 382 407 1 1 739 742 8 3 1 151 154
5 4 2 799 830 7 1 2 302 298 8 3 3 251 272



9 L PO PC R K L Po IPC R K L O PC

8 3 4 614 62 10 0 7 198 194 11 4 S 98 92
8 3 5 458 490 10 1 0 91 92 11 5 1 139 141

8 3 6 146 144 10 1 1 420 410 11 5 2 q7 93
8 3 7 69 69 10 1 2 159 156 11 5 4 76 79

8 4 0 418 414 10 1 3 63 64 12 0 0 708 704

a 4 1 308 329 10 1 4 66 64 12 0 1 A5 R2
8 4 2 85 89 10 1 5 195 194 12 0 3 180 179

8 4 3 163 114 10 1 6 146 135 12 0 4 596 505
q 4 4 145 151 10 1 7 137 135 12 0 6 138 137

8 4 377 392 10 2 0 700 694 12 1 0 71 74
R 4 6 271 289 10 2 1 449 445 12 1 1 216 207

8 5 0 87 84 10 2 2 298 303 12 1 2 203 193
9 5 1 75 78 10 2 3 367 378 12 1 3 321 314
8 ) 3 157 168 10 2 4- 515 .531 12 1 4 305 296
8 5 5 286 2M5 10 2 5 118 118 12 1 S 47 50
8 6 0 219 223 10 2 6 234 231 12 2 0 641 629
8 6 1 185 186 10 2 7 170 173 12 2 1 81 75

a 6 2 51 49 10 3 1 280 285 12 2 3 156 156
8 6 3 90 100 10 3 2 98 106 12 2 4 521 518
q 0 1 890 R87 10 3 3 44 47 12 2 6 125 122
9 0 2 397 388 10 3 5 134 144 12 3 1 163 158
9 1 3 384 365 10 3 6 106 106 12 3 2 151 150
"9 0 4 162 155 10 4 0 470 458 12 3 3 223 235
9 0 5 65 62 10 4 1 290 293 12 3 4 225 232
9 0 6 249 241 10 4 2 188 197 12 3 5 47 47

9 0 7 246 238 10 4 3 245 262 12 4 0 458 441

9 1 1 433 418 10 4 4 347 371 12 4 1 53 50
9 1 6 112 105 10 4 5 74 75 12 4 3 98 105
q 1 7 121 122 10 5 1 147 155 12 4 4 349 J66
9 2 1 746 756 10 5 2 56 61 12 5 1 91 85
9 2 2 341 350 10 6 0 268 254 12 5 2 45 91
9 2 3 308 313 10 6 1 160 16C 12 5 3 133 136
9 2 4 139 138 10 6 2 107 106 13 0 1 370 364

9 2 5 60 62 11 0 1 76 77 13 0 2 2q3 282
9 2 6 223 218 11 0 2 90 09 13 0 3 U48 433
9 2 7 219 215 11 0 3 V'2 862 13 0 4 171 166
q 3 1 291 302 11 0 4 1 !4 115 13 1 1 114 116
9 3 2 262 277 11 0 5 144 145 13 1 3 445 425
9 3 3 151 164 11 0 6 116 110 13 2 1 324 319
9 3 4 103 111 11 ) 7 468 469 13 2 2 248 244

9 3 6 78 80 11 1 1 311 299 13 2 3 3R8 383
9 4 1 472 417 11 1 2 273 258 13 3 1 q3 94

9 4 2 230 245 11 1 3 83 78 13 4 1 230 222
9 4 3 19S 209 11 1 4 181 171 13 4 2 166 165
a 4 4 95 96 11 1 5 75 72 13 4 3 273 273
9 4 6 15s 160 11 2 1 70 67 13 4 4 91 101
9 5 1 179 190 11 2 2 70 71 13 5 1 59 58

9 5 2 145 149 11 2 3 761 754 14 0 0 576 573
9 5 3 A2 86 11 2 4 100 99 14 0 1 441 426

9 5 4 58 62 11 2 5 131 129 14 0 2 137 137

9 6 1 260 268 11 2 6 103 102 14 0 3 241 233
9 6 2 139 139 11 3 1 230 226 14 1 0 556 543

9 6 3 118 117 11 3 2 180 179 14 1 1 48 51
10 0 0 819 820 11 3 3 64 63 14 1 1 121 117
10 0 1 543 539 11 3 4 127 131 14 2 0 520 510
10 0 2 373 361 11 3 5 51 53 14 2 1 3R2 370
10 0 3 414 432 11 4 1 SS 49 14 2 2 123 121
10 0 4 607 601 11 4 2 45 42 15 0 1 140 334

10 0 5 137 136 11 4 3 499 519 15 1 1 212 204
10 0 6 26S 260 11 4 4 71 67
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