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PREFACE 

The triplet-mercury photosensitized decomposition of toluene vapor 

was performed at room temperature in a large recirculating photochemical 

reactor, using the 253.7 nm Hg resonance line. The products were 

identified by GC and the major product, bibenzyl, further characterized 

by GC/MS, FT-IR and NMR spectroscopy. Kinetics for product formation 

was determined using both the flow reactor and a static reactor. 

Aerosols, formed as a result of irradiation were attributed to bibenzyl. 

The aerosols were visible when a He-Ne laser beam was passed through the 

reaction vessel, this enabled the rates of aerosol formation and 

deposition to be determined in a laser light extinction spectrometer. 

Finally, ab initio quantum mechanical calculations were done at the 

3-21G level with almost full optimization for ground state toluene, 

triplet state toluene and the benzyl radical, which forms bibenzyl. 
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CHAPTER I 

INTRODUCTION 

Photochemically generated aerosols were first studied by Tyndall 

(1) in 1869. On directing a beam of light through a mixture of air, 

butyl nitrate vapor and hydrogen chloride, he observed a light induced 

chemical reaction resulting in the formation of aerosols. Other 

techniques have subsequently been used to produce aerosols by 

ultra-violet light (2) (3). The irradiation of many vapors should yield 

high molecular weight products which quickly produce a supersaturated 

state, by virtue of their low vapor pressures. The supersaturated 

vapors then condense to form particles capable of coalescing into larger 

aggregates which scatter light. 

In the last two decades, there have been numerous studies of 

light-scattering aerosols produced by the interaction of ultra-violet 

light from the sun with atmospheric pollutants (4) (5). These reactions 

have been simulated in photochemical smog-chambers using hydrocarbons 

and oxides of nitrogen and sulfur which are present in the 

parts-per-million to parts-per-billion range of concentrations as 

pertains in the atmosphere (6). The importance of toluene as an 

atmospheric pollutant cannot be overlooked, as it is one of the major 

components of gasoline and widely used as a solvent in the manufacturing 

industry. Recently, Dumdei et al. (7) have identified as many as 

twenty-seven atmospheric degradation products of toluene using triple 
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quadrupole mass spectrometry (MS/MS). Their products W€re obtained by 

oxidiztng toluene vapor using hydroxyl radicals produced photochemically 

with simulated sunlight. 

In conventional photochemical methods, it is impossible to observe 

the aerosols if they are formed, unless a high intensity beam from say, 

a laser is directed through the reaction vessel. Porter and Wright (8) 

reported the detection of particles during the flash photolysis of 

toluene vapor. A few milliseconds after the flash, they recorded the 

formation of a continuous band in the absorption spectrum which reached 

a maximum after 10-1 sec and then decayed over a period of several 

minutes. Aside from reports like this there has been no attempt to 

characterize the aerosols so formed. 



. CHAPTER II 

LITERATURE REVIEW 

Mercury Photosensitization 

When a chemical reaction does not proceed appreciably under the 

influence of a given wavelength of light, it can sometimes be initiated 

by the addition of a sensitizer which absorbs the light and transfers 

its energy to the substrate in a collision of the second kind. Carie 

and Frank (9) performed the first mercury photosensitized reaction using 

hydrogen with the 253.7 nm Hg resonance line. Since then, mercury 

photosensitization has been used extensively as an important photochem­

ical technique in the study of free radical reaction kinetics (10) (11). 

Mercury vapor is often the choice as a sensitizer because (a) it 

possesses a high vapor pressure at room temperature, (b) it has a large 

absorption coefficient for its resonance line, and (c) the excited 

mercury atom, on collision, transfers sufficient energy (113 Kcal/mol) 

to effect the rupture of most chemical bonds. 

Energies of the lower excited states and some observed transitions 

of the mercury atom are shown on the simplified Grotrian energy-level 

diagram in Figure 1 (12). The two transitions originating from the 

ground state are shown. The first involves a transition of HgC 1So) to 

Hg( 3p 1 ) at 253.7 nm. This transition, called resonance 

phosphorescence, is spin forbidden but, nevertheless, occurs because of 

spin-orbit coupling in heavy atoms like mercury. The forbidden nature 

3 
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of this transition is reflected in the relatively long life of the 

triplet state, 110 nsec, compared to 1.3 nsec for the singlet state 

(13). The transition from Hg(1So) to Hg(1p 1 ) occurs at 184.9 nm 

(resonance fluorescence), giving rise to an absorption coefficient so 

high that effects due to imprisonment of radiation are impossible to 

eliminate, and hence relatively little work has been done with this line 

(14). 

Low pressure Hg lamps emit both the 253.7 nm and 184.9 nm resonance 

lines. With appropriate filters, the latter can be removed. Both lines 

are termed resonance lines because both direct absorption and emission 

occur at these wavelengths. However, 265.4 nm radiation from the 

Hg(3Po) state is simply called phosphorescence since direct absorption 

from the ground state does not occur to that state (15). 

A mercury atom in the 3p1 energy state has acquired 113 Kcal or 

4.86 eV of electronic energy, and in addition to phosphorescence it can 

undergo the following deactivation steps: 

(a) Quenching to the ground c1so) state through a collision of the 

second kind, in which 113 Kcal of energy is transferred to a quencher. 

The efficiency of this quenching reaction is expressed as kq, the 

bi-molecular quenching rate constant, or 02, the effective collisional 

cross section (15). 

(b) Quenching to the metastable 3p0 state (partial quenching), with a 

loss of 5 Kcal of energy. This state being a doubly forbidden state has 

a long lifetime and has been found to be important only in molecules 

like nitrogen, water and carbon monoxide, which have vibrational spacing 

in the ground state close to 5 Kcal (16). 

(c) Activation to the 3p2 state through collision with the acquisition 
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of 13 Kcal of energy. At room temperature, only one collision in about 

1010 is capable of effecting this transition (13). Hence it can con­

veniently be neglected in most photochemical studies. 

Gunning and Strausz (17) have reviewed the factors which affect the 

intensity of Hg resonance lines, ie., natural broadening, Doppler 

broadening, Lorentz broadening, Holtzmark broadening, Stark broadening 

and self-absorption. The last, which is the most significant, occurs 

when radiation from the hot-central portion of the emitting light source 

passes through an outer cooler-layer of the same vapor. The atoms in 

the cooler layer are capable of absorbing the radiation, resulting in 

partial or total absence of the central region of the line. Serious 

self-absorption will.produce a reversed resonance line where the light 

intensity is distributed with a maximum on either side of the center 

line and a minimum at the center, as depicted by the broken line in 

Figure 2. 

During mercury photosensitization a higher light intensity is 

attained if the exciting line is not reversed and broadening kept to a 

minimum. It has been shown that this can best be achieved by use of a 

well-cooled electrodeless-discharge low pressure Hg lamp, operating at 

the minimum power level which is consistent with a steady radiation 

output ( 18). 

Toluene Photolysis 

Over the years, several workers have studied the photochemistry of 

toluene in the gas phase and at different temperatures (19)-(24). Among 

the range of products identified were, hydrogen, methane, ethane, 

benzene, o-, p-, m-xylenes, ethylbenzene, bibenzyl, other dimeric 



Figure 2. 

\)-\)0 

Wavelength 

Effect of Self-Absorption 

7 



8 

products and a polymer. 

Burton and Noyes (20) failed ~o obtain any aromatic or dimerlc 

products at room temperature or even elevated temperatures during the 

direct photolysis at 266.8 nm and 248.0 nm. Photolysis at room 

temperature and wavelengths of 200.0 nm and 184.9 nm by Pitts et al. 

(21) produced only methane, ethane and an unidentified product. 

However, Wilzbach and Kaplan (22) identified all the products listed 

above, after direct photolysis at 35 °c and 250.0 nm using a high 

pressure Hg lamp. They found the major product to be the polymer and 

the rest present in low yields. 

The mercury photosensitized reactions also produced low yields. 

After 48 hri of irradiation in the presence of mercury, Sehon and 

Darwent (23) obtained no products at room temperature, but identified 

hydrogen, methane and ethane at temperatures between 150 °c and 400 °c. 

The quantum yield of hydrogen, their major product, was 5 x 10-4 at 150 

0 c. The whole range of products was also obtained by Yamamoto et al. 

(24) at 25 °c. Their products were identified on a gas chromatograph, 

among other things they reported bibenzyl as their major product and 

identified the methyldiphenylmethanes among the products. 

The disparity in results can be attributed to different methods of 

product analysis. Use of a gas chromatograph or a mass spectrometer 

enabled more of the products to be identified (22) (24). Also, at room 

temperature, mercury photosensitized reactions yield relatively more 

products than direct photolysis. It has been pointed out that 

·irradiation of a mixture of toluene and mercury vapors may result in 

competitive absorptions by toluene molecules and mercury atoms for the 

253.7 nm resonance radiation, resulting in both direct photolysis and 



9 

mercury sensitized reactions (23). Referral to the absorption spectrum 

of toluene vapor in Figure 3 (obtained from reference 25), however, 

depicts only a broad weak band at 253.7 nm (26). Thus contributions 

from direct photolysis at that wavelength will be minimal and there are 

some doubts as to the purity of light used in studies where reactions 

have been observed (27). Additionally, the complete elimination of 

mercury vapor from a reaction vessel is an almost impossible task. 

Main bond scissions that are known to occur during the direct 

photolysis and mercury sensitized reactions of toluene at 253.7 nm, are 

at the C-H bond a to the ring and at the C-C bond S to the ring, 

resulting in the following primary photochemical steps: 

----hv, Hg----> (I) 

--------------> (II) 

--------------> (III) 

The strength of the bond broken in reaction II, has been estimated 

to be 78 Kcal/mol and that in reaction III in the range of 85 - 90 

Kcal/mol (19) (28). In principle, a 253.7 nm photon would put 113 

Kcal/mol into the ~-electrons of the aromatic ring during direct 

photolysis or nearly that much transferred by a (3P1)Hg atom on 

collision. 

Stable product formation can be represented by the following steps: 

-------------> (IV) 
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R· + R• -------------> R-R (V) 

Here, R is any radical produced in the primary steps or by hydrogen atom 

abstraction from a toluene molecule in reaction IV. 

Sehon and Darwent's (23) plot of the rate of hydrogen formation as 

a function of toluene pressure passes through a maximum, which they 

suggest is consistent with the postulation of excited species formation. 

However, they also propose that more than one type of excited species is 

produced in reaction I: one type forms the _methyl and phenyl radicals 

while the other forms the benzyl radical. Their suggestion is supported 

by Yamamoto et al. (24) wfio have shown that the benzyl radical 

concentration has a different pressure dependency from the phenyl and 

methyl radicals. The concentration dependencies of the latter two were 

equivalent and unlike that of the benzyl radical, tended to decrease 

with increasing toluene pressure. The approximate steady-state radical 

concentrations were estimated from product yields. 

In the geometrical structure of the toluene molecule, if a methyl 

hydrogen is constrained in the plane of the ring and the other two 

hydrogen atoms arranged above and below the plane respectively, then the 

molecule possesses a Cs symmetry. Its vibrational modes can be 

classified as 26A' + 13A", where A' and A" are symmetric and 

antisymmetric with respect to the symmetry plane respectively. However, 

if the effect of the methyl group on the ring is taken as a one atom 

substitution, the toluene molecule can be assigned a C2v symmetry. Then 

the 26A' modes decompose into 11A1 + 10B1 ring modes plus five modes of 

the methyl group and the 13A" modes decompose into 3A2 + 6B2 ring modes, 

three methyl group modes and one twisting mode (29). 
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The absorption spectrum of toluene in hexane, depicted in Figure 3, 

can be divided into three main regions. The first with vmax 38,100 cm-1 

and Emax 150, is comprised of sharp bands, the second has Vmax 48,100 

cm - 1 and Emax 7, 000 and the third has Vmax 53, 000 cm-1 and s max 46, 000, 

the last two are diffuse bands. The bands in the 53, 000 cm-1 region 

have been shown by Price and Walsh (30) to fit the Rydberg series: 

vn = 71,180 - R/(n - 0.50)2, n = 4, •••• ,7 ( 1 ) 

Vn = 71,130 - R/(n - 0.95)2, n = 4, •••• ,9 (2) 

where R is the Rydberg constant and vis the frequency in cm-1. Both 

series converge to the first ionization constant limit of 8.77 + 0.05 

eV. The electronic transition in this band is equivalent to the 1E1u 

<--- 1A1g transition in benzene. Likewise the 48,000 cm-1 band is the 

equivalence of the 1B1u <--- 1A1g electronic band of benzene. The bands 

in the 38,100 cm-1 region have been assigned to the 1B1 <--- 1A1 

electronic transition (C2v symmetry), being the equivalent of the 1B2u 

<--- 1A1g transition in benzene (26). Ground state and excited state 

fundamental vibrational frequencies of· liquid toluene are given in Table 

I (26) (31). In the singlet excited state, the 528(b1) frequency was 

the only nontotally symmetric fundamental vibration observed. 

The reaction of a (3P1)Hg atom with a toluene molecule produces a 

triplet state toluene molecule by intermolecular energy transfer: 

(VIj 



TABLE I 

FUNDAMENTAL VIBRATIONAL FREQUENCIES FOR THE 
GROUND AND FIRST EXCITED STATES 

OF TOLUENE (/CM-1) 
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Wigner's spin conservation rule, which requires a correlation of spins 

between reactants and products, is observed. The phosphorescence 

spectra of toluene in EPA and in a cyclohexane matrix at 90 K is shown 

in Figure 4 and triplet-excited state fundamental vibrational 

frequencies are given in Table I (32). The O,O band, which is at 28,920 

cm-1, places a toluene molecule in the 3A1 state, 3.59 eV above the 

ground state. Even though the transition, 3A1 ---> 1A1, is 

spin-forbidden, it is orbitally allowed through spin-orbit coupling with 

the 1B1 state (20). The quenching cross section of toluene with (3P1)Hg 

is expected to be high (59.9 x 10-16 cm2 for benzene) as compared to 

that of some aliphatic hydrocarbons (e.g., ethane: 5.94 x 10-16 cm2) 

(33). On the other hand, these aliphatic hydrocarbons unlike toluene 

and benzene, react appreciably with photoexcited mercury vapor at room 

temperature (34) (35). 

Burton and Noyes (20) obtained the triplet state yield of toluene 
I 

vapor from 266.8 nm excitation and 298 K as 0.70 + 0.03 relative to 

benzene by the technique of Cundall (36). Thus, phosphorescence from 

the triplet state of toluene (reaction VII) and intersystem crossing to 

the higher vibrational levels of the ground state, followed ~y 

vibrational relaxation with accompanying release of thermal energy 

(reaction VIII), could be competing reactions causing the low quantum 

yields of products. 

(VII) 

(VIII) 
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Braun et al. (37) have determined the phosphorescence emission spectrum 

of toluene in the vapor phase and did not observe any emission for 

excitation to either the second or third electronic states for 

excitation in the wavelength region of 160.0 - 280.0 nni. 

Benzyl Radical 

The benzyl radical formed in reaction II as a result of the 

scission of a C-H bond a to the ring is expected to have a resonance 

energy greater than the parent toluene molecule and exist in both the 

benzenoid and the quinonoid canonical forms (8). Figure 5 shows the 

possible resonance structures of the benzyl radical. A resonance energy 

of 19 Kcal/mol is obtained when benzylic C-H bond energy is compared to 

that of methyl. However, resonance contributions from the Kekule 

structures of the benzyl radical and toluene molecule will be the same. 

Bibenzyl should be produced by the recombination of two benzyl radicals 

via the reaction V, however only Yamamoto et al. (24) have reported 

identifying it as a product in the Hg photosensitized decomposition of 

toluene vapor at room temperature. Methyldiphenylmethanes which were 

also. reported in that work will be formed by cross combination of tolyl 

(quinonoid) and benzyl radicals. 

The benzyl radical was first detected by Paneth and Lautsch (38), 

with the mirror technique. Due to its low reactivity and low 

equilibrium concentration at room temperature, it is difficult to detect 

by conventional physical methods. Flash photolysis of toluene vapor by 

Porter and Wright (8) produced a new banded spectrum during the time of 

irradiation. Three peaks at 32595, 32755 and 31700 cm-1 were resolved 

and assigned to benzyl radicals formed. Later theoretical calculations 
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by Longuet-Higgins and Pople (39) placed the two lowest transitions at 

27900 and 33700 cm-1 while Bingel (40) predicted the lower transition to 

be between 21300 and 218'00 cm-1 • 

In recent times it has become possible to measure the time-resolved 

absorption spectra of decaying vibrationally-hot toluene molecules 

produced either directly by laser flash photolysis of toluene vapor, or 

indirectly from cycloheptatriene or benzyl chloride (41)-(44). The 

spectra obtained provide information on the rate of benzyl radical 

formation. The present status of experimental methods in flash 

photolysis, including laser flash photolysis, has been extensively 

reviewed by Rabek (45). Ikeda et al. (41) reported the unimolecular 

formation rate constant of the benzyl radical as (2.4 + 0.2) x 106 

sec-1, at 193.0 nm, from the nanosecond laser flash photolysis of 

toluene vapor. 

The decadic absorption coefficients of toluene vapor at different 

temperatures, 295 - 2800 K, and over the wavelength range of 185 - 280 

nm have been reported by Hippler et al. (42). Values in the temperature 

range 860 - 1800 K were obtaihed from shock wave experiments and at 2800 

K from the UV laser induced photoisomerization of cycloheptatriene 

(CHT): 

-----hv---> CHT(1s1) -------> CHT( 1So*) (IX) 

CHT( 1so*) (X) 

(XI) 
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" * " represents a vibrationally excited (hot) molecule. The rate 

constant for benzyl radical formation (reaction XI) was calculated as 

1.5 x 106 sec-1. 

Molar extinction coefficients of the benzyl radical at three 

wavelengths have been reported (44). The radicals were obtained from 

ArF laser photolysis of benzyl chloride at 193 nm, and the time-resolved 

absorption spectra of the three peaks at 253, 260 and 306 nm showed a 

slight blue shift. 

Object of Research 

The purpose of this research is to obtain substantial amounts of 

the products from the Hg photosensitized decomposition of toluene vapor 

at room temperature and 253.7 nm and characterize them. In particular 

bibenzyl, which should be the major product, will be identified by gas 

chromatography, mass spectrometry, Fourier transform nuclear magnetic 

resonance and infrared spectroscopy. 

The nature of the aerosols formed as a result of irradiation is 

also investigated. These aerosols can be seen visually when visible 

light from a He-Ne laser passes through the photolyzed vapor. Particle 

sizes will be determined from scanning electron micrographs of the 

aerosols deposited on appropriate substrates, and laser light extinction 

measurements will used to determine the rates of formation and deposit­

ion of the aerosols and the particle size distribution. 

Finally, to aid in interpretation of the experimental data, ab 

initio quantum mechanical calculations at the 3-21G level with almost 

full optimization will be done on ground state toluene, triplet state 

toluene and the benzyl radical. 



CHAPTER III 

EXPERIMENTAL METHODS 

Flow Reactor 

In order to obtain large quantities of products for analysis, a 

large all-glass recirculating flow reactor was used to study the triplet 

Hg photosensitized decomposition of toluene vapor at room temperature. 

The reactor was fashioned after that used by Plotkin et al. (46), when 

they investigated the Hg photosensitized reactions of boranes and 

carboranes. 

A diagram of the reactor used is shown in Figure 6. It had a total 

volume of 3 liters and was equipped with a flowmeter, a mercury 

saturater, a mercury manometer, low pressure gauges, Teflon stopcocks 

and a trap --all connected to a mercury diffusion pump. Circulation of 

vapors was done with a glass circulating pump (Fig. 7), first designed 

by Sime et al. (47), which was driven by an external U-magnet attached 

to a motor. The flow rate was pegged at 10 ml/min for all runs. 

The section of the reactor irradiated was a quartz tubing 91.5 cm 

long and 0.4 liters in volume, the rest of the reactor was constructed 

from pyrex. Six low pressure mercury lamps (General Electric G36T6) 

provided the 253.7 nm Hg resonance line, they were of the same height as 

the quartz tubing and were placed concentrically around it~ The Hg 

lamps were cooled with a flow of compressed air and the temperature 

profile along the quartz tube monitored with six chromel-alumel 

20 
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thermocouples attached to an Omega 2166A Multichannel Digital 

Thermometer and placed at different locations on the quartz tube. 

Before introducing the toluene vapor into the irradiated zone via the 

Teflon stopcocks, the Hg lamps were allowed to attain a steady light 

output. This was verifiable by monitoring an illuminated portion of the 

reactor with an Oriel UV photomultiplier tube operating on an Oriel 7010 

radiometer. 

Toluene used was Fisher research grade, redistilled and the 

fraction boiling off from 110 °c to 112 °c collected and stored over 

sodium metal in a glass storage bulb. Triply distilled mercury from the 

Bethlehem Company, meeting the American Chemical ~ociety standards was 

used without further purification. 

A 1/8 inch stainless-steel tubing connected the photochemical 

reactor to the gas sampling valve of a Hewlett-Packard (HP) 571 OA gas 

chromatograph through a Teflon stopcock. The gas chromatograph was 

equipped with a flame ionization detector, and the carrier gas was 

helium flo~ing at 20 ml/min. Analysis of products was done on a 10ft by 

1/8 inch stainless-steel gas chromatograph column, which was packed ~ith 

10% SP-2100 on 100/120 Supelcoport. An isothermal run at 100 °c for 4 

mins, followed by a temperature programmed run to 280 °c at a rate of 4 

OC/min provided a good separation of the products in a reasonable length 

of time (48). Integration of the peaks was done on a 3385A HP 

Automation System attached to the gas chromatograph. 
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Static Reactor 

Non-volatile products could not be properly sampled through the gas 

sampling valve of the gas chromatograph and thus, had to be dissolved in 

a solvent, methanol, and introduced into the gas chromatograph by 

syringe. To facilitate the analysis of these products, a static photo­

chemical reactor was used (Fig. 8). 

The reaction vessel was cylindrical with a diameter of 3.5 cm and 

comprised of two compartments. The top part (7 cm long), was construct­

ed from pyrex and fitted with a Teflon stopcock and a socket type joint, 

by means of which the vessel could be attached to the vacuQTI line. The 

lower part of the vessel (22 cm long), was made of quartz. Both parts 

had a groove for an a-ring seal and kept in place with a screw-type 

pinch clamp. 

Irradiation was made with a four-turn helical low pressure mercury 

lamp, operating from a 5000V ACME transformer. Only the quartz part of 

the reaction vessel was irradiated. Before irradiation, the lamp was 

allowed to attain a steady light output as obtained from the reading on 

the radiometer attached to the UV photomultiplier tube. ~he reaction 

vessel, containing toluene vapor and a drop of mercury, was placed 

vertically in the center of the the helical lamp, and further enclosed 

within a cylindrical metalllc column. Thus UIT light from the lamp to 

the vessel was cut off by the metal cylinder which was held in place by 

a solenoid. At the start of irradiation, after the lamp had attained 

its optimum light output, electric power was switched from the solenoid 

to the timer and the metal cylinder fell under gravity to expose the 

reaction vessel to the UV radiation. 

At the end of irradiation, the products were condensed to the 
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bottom of the reaction vessel with liquid nitrogen, vented to the 

atmosphere, the top compartment removed and methanol, spiked with an 

internal standard (naphthalene in this case), quantitatively added to 

dissolve the products as the vessel the warmed up to ambient temp­

erature. Finally, 2 µL aliquots of the methanol solution were injected 

into the gas chromatograph. The same column used in the previous 

section was also used here for separation and identification of the 

products, but was temperature programmed from 200 oc. 

Laser Light Extinction Spectrometer 

When a beam of light from a 0.5 mW Metrologic He-Ne laser is passed 

through the irradiated toluene vapor, it is scattered by aerosols pre­

sent in the reaction vessel. A diagram of the spectrometer used in 

measuring light extinction by the aerosol particles is shown in Figure 

9. 

The laser beam was collimated by the first lens so that a parallel 

beam of radius 1 cm passed through the reaction vessel. The same static 

reactor used in the previous section was used here, but the vessel was 

placed horizontally in the helical low pressure Hg lamp, with l ts axls 

parallel and optical windows perpendicular to the light beam. The beam 

emerging from the vessel was focused by the second lens of diameter 7 cm 

and focal length 20 cm, onto a 1 mm by 1 mm slit. This optical 

arrangement easily met the requirements suggested by Hodkinson (49), 

i.e., the angle subtended by the height of the slit at the lens, 5 x 

10-3 radians, was less than one-tenth of the first angular minimum in 

the Fraunhoffer diffraction pattern of a disc equal to the particle in 

projected area. If x is the particle size parameter, then the angle 
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referred to had to be less than one-tenth of 3.84/x radians. Behind the 

slit was the UV-VIS photomultiplier tube connected to a Keithley 

Instruments 610C Electrometer which in turn was attached to a Keithley 

Instruments 370 Milliammeter Pen Recorder. 

Aerosols were observed to form within 30 seconds when the toluene­

mercury mixture was being irradiated with the UV light and remained 

visible for several minutes after the light had been turned off. Hence, 

two sets of light extinction measurements were possible: (1) during 

irradiation, to obtain the rate of aerosol formation and (2) after 

irradiation to measure the rate at which the aerosols were deposited 

under gravity. 



CHAPTER IV 

EXPERIMENTAL RESULTS AND DISCUSSIONS 

Product Analysis 

The products from the Hg photosensitized decomposition of toluene 

vapor at 298 K using the 253.7 nm Hg resonance line are listed in Table 

II with their respective yields. These products were obtained after 30 

min irradiation of the toluene vapor (10 mm Hg) in the flow reactor. A 

gas chromatogram of the volatile products is depicted in Figure 10. 

Toluene, the substrate, has a peak with a retention time of 7.59 min, 

retention times for methane, ethane and benzene are 2.16, 2.73 and 3.75 

min respectively. 0-, m- and p-xylene elute at 10.02, 11.03 and 11.45 

min respectively and ethylbenzene at 14.20 min. Hydrogen cannot be 

detected with a flame ionization detector. However, the amount of it 

produced could not be any more than that calculated from pressure-volume 

measurements of residual uncondensed gases after the other products had 

been condensed in the trap using liquid nitrogen. 

Figure 11 shows the peaks due to biphenyl, diphenylmethane and 

bibenzyl with retention times 30.01, 30.20 and 35.04 min respectively. 

All peaks were identified by comparing retention times to those of 

authentic samples. 2-methyldiphenylmethane and 4-methyldiphenylmethane, 

later identified on a gas chromatograph/mass spectrometer (GC/MS), had 

retention times of 35.50 and 36.00 min respectively. Other products 

with retention times between those of ethane and bibenzyl were present, 

29 



TABLE II 

PRODUCT YIELDS FROM THE Hg PHOTOSENSITIZED 
DECOMPOSITION OF TOLUENE VAPOR 

AT 298 K 

----·-~---

Product 
Name 

Concentration 
(! 1 o-5 M) 

---------------·- ---· ---------------------------~ ------

Hydrogen 
Methane 
Ethane 
Benzene 
0-xylene 
P-xylene 
M-xylene 
Ethyl benzene 
Bi phenyl 
Diphenylmethane 
Bibenzyl 
2-Methyldiphenylmethane 
4-Methyldiphenylmethane 
Unknown (molecular weight 182) 

< o.4036 
0.7996 
0.0700 
0.3005 
0.0186 
0.0335 
0.0178 
0.0427 
0.0205 
0.0147 
9.1710 
o. 1549 
0.0712 
0.21fi4 

---------------

30 
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but were not identified, due to their very low concentrations. 

The products with retention times around 35 min were further 

analyzed on a Finigan 10-20B GC/MS and identified by library search. 

Their reconstructed ion chromatogram is shown in Figure 12. Bibenzyl 

[1,1-(1,2-ethanediyl) bis-benzenel, which was the major peak, occurred 

at 35.37 min. Its mass spectrum (Fig. 13) shows the molecular ion peak 

at m/e 182 and the base peak at m/e 91. The base peak could be 

attributed to C6H5CH2+, however, the presence of a peak at m/e 65 

suggests that it is due to the tropylium ion (C7H7+) formed by 

rearrangement of the benzylic ion, which then eliminates a neutral 

acetylene molecule to form C5H5+ at m/e 65. Peaks at m/e 77, 78, and 79 

are due to C6H5+, C6H6+ and C6H7+ respectively caused by a-cleavage and 

H rearrangements characteristic of alkylbenzenes (50). 

The peak at 35.50 min was attributed to 2-methyldiphenylmethane 

[1-methyl-2-(phenylmethyl)-benzene] and its mass spectrum is shown in 

Figure 14. Its molecular ion peak is at m/e 182, but the base peak is 

at m/e 167, due to C6H4CH2C6H5+ formed by the elimination of CH3 from 

the benzene ring. The peak at m/e 168 is due to (C6H5)2CH2+. At 36.02 

mins, 4-methyldiphenylmethane [1-methyl-4-(phenylmethyl)-benzene] was 

identified. It also has a molecular ion peak at m/e 182 and a base peak 

at m/e 167 (Fig. 15). An unidentified product was found at 35.41 min 

with a molecular ion peak at m/e 182 and a base peak at m/e 91 (Fig. 

16) • 

Proton nuclear magnetic resonance spectrum of the bibenzyl product 

dissolved in CDCl3 was obtained from a Varian XL-300 MHz Fourier trans­

form nuclear magnetic resonance (FT-N~) spectrometer. ~he spectrometer 

was run at 4000 Hz and 16, 384 G, chemical shifts were measured ln ppm 
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downfield from (CH3) 4Si. The spectrum (Fig. 17) shows the peaks from 

the methylene protons at 2.95 ppm, the aromatic protons have peaks at 

7.25 ppm. These positions are consistent with quoted literature values 

( 51 ) • 

Explanation of the symbols used in the diagram are as follows: PFT 

- pulsed Fourier transform; CW - continuous wave; Solvent - solvent 

used; SF - spectrum frequency of nucleus; WC - chart width; T -

temperature; NT - number of transients; Size - size of transform; PW/RF 

- pulse width/ radio frequency; TO - transmitter offset; FB - filter 

bandwidth; Lock - lock source; D1, D5 - delay after the pulse in the 300 

MHz unit (D1), or 100 MHz unit (D5); DC - decoupler on or off; Gated Off 

- gated decoupling and with decoupler power off during the 

A(acquisition) or D(delay); DO - decoupler offset; RF(Power) - decoupler 

power setting; NBW - noise band width; LB - line broadening. 

The 13c FT-NMR spectrum of the same sample run on the Varian XL-300 

MHz spectrometer is shown in Figure 18, and that of pure bibenzyl (from 

Aldrich Chemicals) shown in Figure 19. The spectra, which were obtained 

at 20000 Hz and 32,768 G, show the methylene carbon peaks at 38 ppm and 

two peaks due to the aromatic carbons centered at 130 ppm. As a result 

of the low concentration of the bibenzyl product, peaks caused by the 

coupling of the carbon and deuterium atoms from the solvent show up 

prominently in its spectrum at 77 ppm. 

The Fourier transform infrared (FT-IR) spectrum of the bibenzyl 

product, obtained from a Nicolet 60-FS spectrometer, is given in Figure 

20. Bibenzyl was ldentified by library search. Ten absorption bands 

were resolved in the wavelength range of 4000 - 700 cm- 1, in 'l'able III, 

they are compared to the absorption bands of pure bibenzyl obtained from 
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TABLE III 

INFRARED ABSORPTION BANDS OF BIBENZYL( /CM- 1) 

Vibration Bibenzyl Pure 
Mode Product Bibenzyl 

-----------
Rlng C-H Stretching 3071.362 3080 

" 3035.496 3050 

Asymmetric CH2 stretching 2934.015 2910 

Symmetric CH2 stretching 2866.425 2840 

Ring C-C stretching 1603.933 1600 

Ring deformation 1496.933 1490 

CH2 scissoring 1449.223 1450 

In-plane C-H bending 1066.547 1070 

" 1030.571 1030 

" 813.383 900 

Out-of-plane C-H bending 747.254 730 

" 700 

-- ------------- -
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literature (51). 

Bands resulting from aromatic C-H stretching vibrations occur at 

3071 and 3035 cm-1. Asymmetric C-H stretching vibrations of the 

methylenes give an absorption band at 2934 cm-1 and the symmetric 

stretching band which is expected to be weaker is at 2866 cm-1. The C-C 

aromatic ring stretching bands occur at 1603, 1496 and 1449 cm-1. 

In-plane C-H bending vibrations are at 1066 and 1030 cm-1 and 

out-of-plane ring C-H bending vibrations bands characteristic of 

polynuclear aromatics occur at 747 cm-1, the other band around 690 crn-1 

is out of the wavelength region surveyed (52) (53). 

Thus the major dimeric product, bibenzyl, formed during triplet­

mercury photosensitization of toluene vapor at 25 °c, has been unequiv­

ocally characterized by gas chromatography, mass spectrometry, nuclear 

magnetic resonance spectroscopy and infrared spectroscopy. 

Kinetics of Product Formation 

The yield of bi benzyl as a function of time is plotted in Figure 

21. Bibenzyl was produced from toluene vapor ( 10 mm Hg) at 298 K using 

the static photochemical reactor, its rate of formation was found to be 

0.0960 Jlmol/min. 

Quantum yield of blbenzyl was determined by actinometry using the 

quantum yield of hydrogen formation from the Hg photosensitized 

decomposition of n-butane at 25 °c (54). In 'l'able IV, the quantum yield 

decreases by only 10% over a period of 180 sec, suggesting that the 

bi benzyl molecules formed do not undergo any major reactions. The low 

values are consistent with previously reported yields (23) (24). 

Nitric oxide inhibited the rate of bibenzyl formation. The effect 
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TABLE IV 

QUANTUM YIELD OF BIBENZYL FORMATION 

--- -----------·-·~----·-·---------------

Time of irradiation 
(/sec) 

---------------·-·---

30 

60 

180 

300 

600 

Quantum Yield 
(/ 10-2) 

1 • 0450 

0.9854 

0.8655 

0.8226 

0.7530 
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of 10% nitric oxide on bibenzyl yield is shown on the graph. in Figure 

21. On the same graph is depicted the effect of added inert gas, argon 

(100 mm Hg), even though the yield of bibenzyl is decreased 

considerably, it is greater than the yield from the addicion of NO. The 

quantum yield of bibenzyl formation in the presence of NO was found to 

be 1.7i4 x 10-4 and 1.542 x 10-3 in the presence of Ar. 

Figure 22 depicts the rate of bibenzyl formation as a function of 

toluene pressure. It increases steadily with substrate pressure, this 

is in line with the results of Yamamoto et al. (24), who found the 

benzyl radical concentration to increase with pressure. Bibenzyl ts 

formed from the combination of two benzyl radicals: 

---------> (XII) 

Bibenzyl has also been reported as a major product in the pyrolysis of 

toluene (55) (56). At low temperatures the benzyl radical is present in 

large quantities, but the amount falls off at high temperatures as a 

result of its decomposition. Ingold and Lossing (57) estimate the 

activation energy for its disappearance as 68 ..:_ 4 Kcal/mol. Using the 

flow technique, Horrex and Miles (56) calculated the unimolecular rate 

constant for bibenzyl decomposition as 2 x 109 exp -48000/RT sec-1. The 

rather low frequency factor and high activation energy preclude its 

decomposition at room temperature. 

Kinetics of two volatile products, methane and benzene were de­

termined at 2g8 K on the flow reactor. The vapor pressure of toluene 

used was 10 mm Hg, and the yields are shown as a function of time in 

Figure 23. Nitric oxide inhibited the rate of methane formation but did 
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not inhibit the rate of benzene formation to any great extent~ as the 

graph in Figure 24 depicts. The initial rates of formation and quantum 

yields are reported in Table V. Hay (58) has pointed out that radical 

reactions with NO will be reversible unless the adduct formed is 

stabilized by efficient energy transfer through hybridization or 

resonance effects. The consequence of this is that a-radicals do not 

react appreciably with NO as compared to TI-radicals. Hence, it is not 

suprising that NO greatly inhibited the rates of formation of bibenzyl 

and methane, which are formed from TI-radicals (benzyl and methyl 

radicals respectively). However, the rate of formation of benzene, 

which is formed from a a-radical (phenyl) is not appreciably inhibited 

by NO. 

The rates of formation of methane, benzene and the xylenes are 

shown as functions of toluene pressure in Figure 25. These rates tended 

to decrease in the pressure range of 2 - 20 mm Hg. Methane and benzene 

are formed from methyl and phenyl radicals. Though both, with the 

benzyl radical, are formed from excited toluene molecules, one type of 

the excited species forms the methyl and phenyl radicals and the other 

forms the benzyl radical, resulting in the difference in activities (23j 

(24). 

Methane can be formed from the following reactions: 

H· + ---------> (XIIIj 

+ ---------> (XIV) 

Reaction XIII is expected to be exothermic with a small activation 
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TABLE V 

INITIAL RATES OF FORMATION AND QUANTUM YIELDS 
OF METHANE AND BENZENE 

Name Rate 
(;10-7 mo1.1-1•min-1) 

Methane 2.667 

Benzene 1. 026 

10% NO added: 

Methane 0.5185 

Benzene 0.8889 

Quantum Yield 
Cl 1 o-4 ) 

8.105 

3. 041 

1.554 

2.838 
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energy (59). The activation energy for reaction XIV is only 8.3 

Kcal/mol and was determined from the photolysis of acetone (60), 

Reactions leading to benzene formation are: 

----------> C6H6 (XV) 

(XVI) 

The formation of benzene by the reaction, 

----------> (XVII) 

was ruled out by Blade et al. (61), who found only hydrogen but no 

methane to form during the pyrolysis of bibenzyl in the presence of 

toluene. 

The rate of hydrogen formation was taken as the rate of residual 

gas production. Its dependence on toluene pressure is shown in Figure 

26, and as expected, it goes through a maximum (23). Hydrogen quantum 

yield will be less than 4.091 x 10-4. The reactions which account for 

hydrogen formation are: 

+ ----------> + (XVIII) 

H· + H· + M ----------> + M (XIX) 

Steiner (62) has calculated the frequency factor as 1010 L.moi-1.sec-1 

and estimated Ea as approximately zero for reaction XIX, with errors 
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introduced by wall-effects (M). 

Ethane, a minor product, is formed from the recombination of two 

methyl radicals: 

---------> (XX) 

The half-life of the methyl radical at room temperature is 0.006 sec 

(63). Despite the the disagreement in reported activation energy values 

for reaction XX, it is expected to be low enough for the reaction to 

occur at room temperature (59). Ingold and Lossing (64) obtained Ea. = 

-2.2 + 0.5 Kcal/mole and suggest a collision efficiency of unity at 

room temperature. The effect of toluene pressure on the rate of ethane 

and ethylbenzene formation is also shown in Figure 26, and like the 

other volatile products formed via methyl or phenyl radicals, the rates 

tend to decrease with increasing substrate pressure. 

Ethylbenzene and the xylenes will be formed by reactions between 

methyl radicals and benzyl or tolyl radicals: 

CH3• + (XXI) 

(XXII) 

The pressure dependency exhibited by the volatile products can be 

interpreted as resulting from competitive collisional stabilization of 

their vibrationally excited precursors in either the ground or the 

excited triplet state. 

Biphenyl is formed from two phenyl radicals: 
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---------> (XXIII) 

An activation energy of 13 Kcal/mol was suggested for reaction XXIII 

from the Hg photosensitized decomposition of benzene (65). The reaction 

between a phenyl and a benzyl radical will result in the formation of 

diphenylmethane. 

(XXIV) 

It must be mentioned that Blades et al. (61) found the "large 

amounts of bibenzyl" formed during the pyrolysis of toluene to be rather 

a mixture of isomeric dimethyl diphenyls, the formation of which they 

attribute to the secondary decomposition of benzyl radicals. In this 

experiment, formation of the methyldiphenylmethanes have been attributed 

to cross combination reactions between tolyl and benzyl radicals. 

+ (XXV) 

2-MDPM 

+ (XXVI) 

• 
4-MDPM 
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2-methyldiphenylmethane (2-MDPM) was formed via an o-tolyl radical, and 

4-methyldiphenylmethane (4-MDPM) from a p-tolyl radical. Yamamoto et 

al. (24) did report the formation of 3-methyldiphenylmethane (3-MDPM), 

however, this would be formed via a m-tolyl radical, which is not a 

preferred canonical resonance form. 

Formation of Bibenzyl Aerosols 

A quartz infrared gas cell fitted with sodium chloride windows was 

filled with toluene vapor (10 mm Hg), argon (15 mm Hg) and a drop of 

mercury added, then subjected to ultra-violet radiation from the helical 

low pressure Hg-lamp for 15 mins. The argon present, prolonged the time 

of suspension of the aerosols formed and thus enabled the infrared 

spectrum of the aerosols to be obtained in situ, by use of a Digilab 

FTS-20 infrared spectrometer. The spectrum, corrected for toluene 

absorption is shown in Figure 27 and the bands resolved are listed in 

Table VI with the absorption bands of toluene, obtained from the 

literature (66). Comparison with rable III proves that bibenzyl forms 

the aerosol particles in the reaction vessel. 

Aerosols formed in the static reactor were allowed to deposit on 

aluminum plates and analyzed on a scanning electron microscope 

(Cambridge Instruments Stereo Scan SEM-90B) after coating with a gold 

film. An electron micrograph of some of the aerosols formed after 5 

mins of irradiating 10 mm Hg toluene vapor is shown in Figure 28. 

Uniform spheres of diameter 5.6 x 10-7 m were obtained. After 15 mins 

of irradiation, the aerosols coalesced into larger particles of varying 

sizes ranging from 4 x 10-6 m to 10-5 m agglomerates (Fig 29). Much 

larger flakes were produced after 30 mins of irradiation (Fig. 30). 
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TABLE VI 

INFRARED ABSORPTION BANDS OF THE AEROSOLS 
AND TOLUENE (/CM-1) 

Vibration 
Mode 

Ring C-H stretching 

" 

" 

Asymmetric CH2 stretching 

Symmetric CH2 stretching 

Ring C-C stretching 

Ring deformation 

CH2 scissoring 

In-plane CH3 bending 

" 

" 

In-plane C-H bending 

" 

" 

Out-of-plane C-H bending 

" 

Bibenzyl 
Aerosols 

3074.5 

3039.8 

2939. 5 

2881.6 

1612.5 

1496. 8 

1458.2 

1030.0 

729.0 

694.4 

------------------------

Toluene 
Vapor 

3040 

2930 

1610 

1500 

1460 

1380 

1180 

1090 

1040 

900 

730 

700 
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Figure 28 . Scanning Electron 
Aerosols Formed 
of Irradiation 

Hie r o g rap ;t of 
after 5 nin 
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Figure 29 . Scanning E l ec tron Micrograph of 
Ae r oso l s Formed after 15 min 
of Ir r adiati o n 
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Fi gur e 30 , Scanning Electron Aicro 5 raph of 
Aerosols Formed afte r 30 min 
of Irradiati o n 
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The Total Mie Scattering Coefficient 

In the light extinction spectrometer, a suspension of aerosol 

particles removes light from the illuminating laser beam by scattering 

or absorption. Light extinction can be represented by the Beer-Lambert 

law: 

I/I0 = exp(-naEl) (3) 

I/I0 : is the light transmittance, 

1: is the length of the reaction vessel, 

n: is the number of particles per unit volume, 

a: is the projected area of a particle against the light bea~, 

E: is the particle extinction efficiency (The Total Mie 

Scattering coefficient). 

The transmittance is obtained from the ratio of the light intensity mea­

surement after aerosols are formed (I), to the light intensity before 

irradiation (I0 ), when no aerosols are present. 

If Escat, the scattering efficiency, is defined as the light 

scattered by a particle divided by the light intercepted by the 

particle, and Eabs, the absorption efficiency, defined as the fraction 

of the incident beam absorbed per unit cross-sectional area of the 

particle, then the total scattering efficiency is given by, 

E = Escat + Eabs (4) 

When the particle size is much less than the wavelength of the incident 

light, Rayleigh scattering takes place and the scattering and absorption 
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efficiencies are governed by the Rayleigh theory (49). In this work, 

the particle size after 5 rains of UV irradiation has been shown to be 

around 0. 560 µm (from SEM measurements), which is of the same order of 

magnitude as the wavelength of the laser beam, 0.6328 µm and the 

'Rayleigh theory is inapplicable. 

The particle size is normally represented by its size parameter, 

x = 21fr/ A. (5) 

r is the particle radius and A. is the wavelength of the incident light. 

Thus the Rayleigh theory holds for x << 1, out for x-1, E has to be 

calculated by the Mie theory (67). The latter involves the exact 

solution of the Maxwell equations for scattered electromagnetic 

radiation using spherical Bessel functions and associated Legendre 

polynomials. However, Penndorf (68) has proposed an approximation 

method for obtaining E from the Mie Theory. 

The normalized size parameter, p, is defined as: 

p = 2x(m-1) (6) 

which is the phase retardation of a diametr"ic ray passing through a sph­

erical particle Cm is the refractive index of the particle). A plot of 

the total Mie scattering coefficient agaL1st p passes through various 

maxima and minima. The maxima correspond to the reinforcement of 

transmitted and diffracted light and the minima due to their 

interference. For particles with 1 ~ m (. 2, Van de Hulst (69) has shown 

that the maxima and minima occur at the same p values and are 
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independent of the refractive indices. A satisfactory approximation to 

the positions of maxima and minima for particles with m approximately 

equal to one will be: 

Py{m} = Py{m-1} + 0.3(m-1) ( 7) 

The subscript y, refers to the order of the maxima or minima. Values 

for Py{m-1} given by Penndorf are shown in Table VII, for y = 1 - 10. 

The relationship between E and the maxima and minima is: 

E{m-1} = 2 - 4(sin p)/p + 4(1-cos p)/p2 
(8) 

hence for the maxima, 

E'y = 2 + 4/p'y + 4/p'y2 + 29M/p'y - 51M/p'y2 (9) 

and for the minima, 

E"y = 2 - 4/p"y + 4/p"y2 + 8.0:JM/p1'y - 27.3M/p~'y2 ( 10) 

M is given by the Lorentz - Lorentz equation, 

M = (m2 - 1)/(m2 + 2) ( 1 1 ) 

m = 1.5478 for bibenzyl (51). 

The points between the maxima and the minima can be interpolated 

graphically, and Py values can be scaled to the size parameter x using 



TABLE VII 

POSITIONS OF MAXIMA AND MINIMA OF THE TOTAL MIE SCATTERING 
COEFFICIENT (REFRACTIVE INDEX-1) 

·---- ----
Position Maxima Minima 

(y) (py,) (py") 

-----------.----·-· 
4.0856 7.6231 

2 10.7923 14.0041 

3 17.1551 20.3266 

4 23.4730 26.6312 

5 29.7756 32.9270 

6 36.0713 39.2202 

7 42.3632 45.5101 

8 48.6527 51.7984 

9 54.9408 58. 0856 

10 61.2278 64.3720 

(y is the order of the extremal------· 
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equation 6. In Figure 31 a plot is given of the total Mie scattering 

coefficient E, as a function of the size parameter for bibenzyl 

particles, calculated by the above approximation method. Assuming the 

particles were of the same size after 5 rains of irradiation, the size 

parameter for bibenzyl aerosols in a laser beam of wavelength A = 632.8 

nm, calculated from equation 5 is 2.78. This corresponds to an E value 

of 3.70 .:!:. 3%, which means a bibenzyl particle removes from the light 

beam, about four times the amount of light intercepted by its 

geometrical cross-sectional area. 

Rates of Aerosol Formation 

Transmittance of the laser beam as a function of the time of UV 

light irradiation of toluene vapor (10 mm Hg), is shown in Figure 32. 

The transmittance decreases with time as a result of the formation of 

aerosols which attenuate the light intensity by scattering. The He-Ne 

laser, equipped with fixed internal mirrors, produces an elliptically 

polarized 1 ight beam, consequently the light intensity tended to vary 

sinoisudally with time. Only maximum intensity readings of the pen 

recorder were used and this restricted the number of readings to four or 

five during 5 rains of irradiation. 

The initial rate of aerosol formation (calculated from the absolute 

value of the change in transmittance per unit time) for different pres­

sures of toluene vapor, each exposed to UV radiation for 5 rains, is 

depicted in Figure 33. A linear correlation was made between these 

rates and the rates of bibenzyl formation (obtained previously) for 

different substrate pressures. The correlation factor of 0.9857 and an 

error parameter of 0.07 obtained, confirms that light extinction was 
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mainly by the the bibenzyl particles. The linear regression line is 

shown in Figure 34. 

Particle Size Distribution 

It is possible to determine the particle radius size distribution 

by combining transmittance measurements with the differential settling 

of the aerosol particles. This method, first used by Gumprecht and 

Sliepcevich (70), does not require an~ £;t"_iori assumption of the form of 

the distribution function. 

In photochemical production of aerosols, the particles are 

uniformly distributed in the reaction vessel. For such a system, the 

transmittance T, is related to the distribution function p(r) by, 

( 12) 

where r is the particle radius and the other parameters have their usual 

meaning (71). As the particles settle, there will be a decrease in 

scattering and hence an increase in transmittance. The particular 

radius corresponding to each Ume can be calculated from Stokes law: 

9hn k 

= ( 13) 
t1/2 

h: the distance a particle falls through the light beam, was 

taken to be 1 cm, the radius of the light beam. 

m is the viscosity of the medium, the low pressure 

viscosity of toluene vapor is 698 µP (72). 

( P- Pm): is the difference in density between the dispersed 
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bibenzyl particles and the toluene vapor. However, since 

the latter is negligible compared to the ~armer, the 

value used was the density of bibenzyl, 0.9583 g.cm-3 

( 51). 

g: is the acceleration due to gravity, 980 g.cm-1. sec-2. 

t: is the time. 

k: is a constant. 

The rate of change of transmittance due to settling is, 

-d(lnT)/dt = TI1Er2p(r)dr/dt (14) 

where p(r)dr is the number of particles per unit volume, in the size 

range between r and r + dr, which drop out of the light beam during the 

time interval t + dt (71). 

If r in equation 14 is replaced by equation 13 and d(lnT)/dt is 

taken as the slope of the logarithmic transmittance curve at time t, 

'chen, 

2t512 d(lnT) 
p(r) = (15) 

giving an expression for the number of particles of each particular 

size. 

The transmittance as function of settling time of aerosols formed 

after 5 mins of irradiation of 10 mm Hg toluene vapor is shown in Figure 

35. There is an increase in transmittance resulting from the removal of 

particles from the path of the light beam as they are deposited under 

gravity. In Figure 36, the graph for the corresponding radius size 

distribution is depicted. On the same graph ls shown the size 
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dlstributions for aerosols produced from 15 and 20 mm Hg of toluene 

vapor. 

The maximum radius size distribution for 10 mm Hg of toluene vapor 

occurs at a radius of 0.236 µm which is comparable to the value obtained 

from SEM measurements, 0.280 µm. The latter is actually the settled 

projected-area radius, and for quartz particles, has been reported to be 

as much as 30% larger than the mean radius of randomly oriented 

particles (73). At higher substrate pressures, the size corresponding 

to the maximum distribution shifts to larger radii (Table VIII) and a 

broader size distribution is obtained. Qualitatively, this trend could 

be attributed to the the fact that at higher pressures, the aerosol 

particles are closer to each other and the chance of their coalescing to 

form larger particles is enhanced. 

The main draw back to this method of particle size analysis is 

that, with small particles in the µm range, Brownian motion could be 

significant, and the equations do not take into account the possibility 

of this phenomenon occurring. 



Substrate 
Pressure 
(/ mm Hg) 

10 

15 

20 

TABLE VIII 

PARTICLE RADII WITH MAXIMUM SIZE DISTRIBUTION 
AT DIFFERENT SUBSTRATE PR8SSURES 

Maximum 
Distribution 
(I 108 cm-3) 

223.0 

72.0 

23.0 

Corresponding 
Radius 
(/ µ m) 

0.236 

0.300 

0.430 
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CHAPTER V 

AB INITIO QUANTUM MECHANICAL CALCULATIONS 

Ground State Toluene 

Toluene with benzene and other derivatives of benzene have been the 

subject of many quantum mechanical calculations. Earlier semi-empirical 

SCF-MO work on toluene include MIND0/3 calculations by Bingham et al. 

(74) and CND0/2 calculations by Pople and Gordon (75). These took into 

consideration both TI-electrons and er-electrons contributions to charge 

distribution and electronic dipole moments, as against much earlier 

calculations which considered only TI-electron interactions (76). 

Ab initio molecular orbital calculations performed by Hehre et al. 

(77) with a ST0-3G minimal basis set produced a toluene energy of 

-266.47382 a.u. Using a large contracted basis set (11s 7p 1d/7s 1p)/ 

[5s 3p 1d/3s 3pl, Ermler and Mulliken (78) obtained a lower value of 

-269.8245 a.u. The optimized geometry of toluene was determined by Pang 

et al. (79) using a 4-21G basis set and also by Bock et al. (80) wlth a 

6-21G basis set. The former found the methyl C-H bonds to be on the 
0 

average 0.011 A longer than the ring C-H bonds and the bond lengths 

identical to those of benzene. 

In this work an almost full geometrical opti~ization was performed 

on the toluene molecule with the standard 3-21G split valence basis set 

(81) (32). Calculations were carried out on a VAX11/780 computer using 

the GAUS3IAN82 program (83). The restricted Hartree-Fock energy 

80 
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calculated for the ground state singlet toluene molecule was -268.24022 

a.u., assuming a Cs symi11etry. 

The optimized geometrical coordinates given in Table IX, place one 

methyl hydrogen in the plane of the ring and the other two symmetrically 

above and below the plane. Maximum forces in the distance and angle 

coordinates in the final optimization were less than 1.80 x 10-4 

hartrees/bohr and 2.50 x 10-4 hartrees/radian respectively. Eigenvalues 

and molecular orbital coefficients for the 79 basis fun ct ions used are 

li3ted in Appendix A. 

In Figure 37 is shown the electron population at the atomic sites 

and between adjacent atoms in the molecule. The atoms are numbered in a 

manner consistent with the computer output and the electron populations 

were obtained by Mulliken population analysis (84). Of primary 

importance is the TI-electron distribution in the ring (Figure 38): -~he 

ortho and para positions have greater TI-electron populations, which is 

consistent with experimentally known ortho and para directing properties 

of the methyl group during electrophilic substitution reactions. How­

ever, the inductive effect from the methyl :ls small and is depicted by 

an increase of only 0.0070 in the total TI-electron charge of the ring. 

The total atomic charge distribution (Figure 39), also gives higher 

charge distributions at the ortho and para carbons, being the result of 

ring polarization by the methyl group. 1'he net charge contribution from 

the methyl to the ring (a+ TI) is 0.0658, the resulting dipole moment 

calculated was 0.3289 D which is close to the experimental value of 

0.360 D (85). The above results are compared with those of other 

workers in Table X. 
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TABLE IX 

STANDARD ORIENTATION FOR GROUND STATE TOLUENE 

·-------·---·---
Center Atom Coordinates (/Angstroms) 

# x y z 
~-· 

1 c 0.000000 0.899550 0.000000 
2 c -0.012685 -1.889530 0."000000 
3 c -1. 195303 0.198288 0.000000 
4 c -1. 203244 -1.187642 0.000000 
5 c 1.192294 o. 184964 0.000000 
6 c 1.187654 -1.196913 0.000000 
7 c 0.022191 2.416844 0.000000 
8 H -0.016959 -2. 961619 0.000000 
9 H -2.137402 -1. 714064 0.000000 

10 H -2.124343 0.735332 0.000000 
11 H 2.116055 -1. 733296 0.000000 
12 H 2.125872 0.715430 0.000000 
13 H -0.982543 2.820968 0.000000 
14 H 0.536938 2.791939 0.878307 
15 H 0.536938 2.791939 -0.878307 



0.763274 
@o.500136 
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0.511702 
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Figure 37. Total Electron Population of Ground State 
Toluene 
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Figure 38. IT-Electron Distri­
bution in Ground 
State Toluene 

Figure 39. Total Charge Distri­
bution in Ground 
State Toluene 
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TABLE X 

COMPARISON OF CALCULATED GROUND STATE TOLUENE PARAMETERS 
WITH OTHER RESULTS 

Method Ref. Energy TI-e* (a + 1T )-e* IP Dipole 

85 

(/a.u.) (/eV) Moment(/D) 

~--~--

ST0-3G 77 -266.47382 0.008 0.015 0.25 

6-31G 80 0.008 0.036 

4-21G 86 -269.3528 8.68 

Large 
basis 78 -269.82450 0.018 -0. 102 8.87 0.33 

3-21G ** -268.24022 0.008 0.066 8.88 0.33 

Expt. 85 0.36 

II 86 8.83 

* Electron contribution from methyl group to ring 
** From this work 

IP: . First Ionization Potential 
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Triplet State Tbluene 

A 3-21G ab initio calculation on the electronically excited triplet 

toluene molecule-gave an unrestricted Hartree-Fock energy of -268.13720 

a.u., which is 2.803 eV above the ground state, the experimentally 

determined value is 3.59 eV (32). The theoretical value would be 

expected to be less in magnitude since unrestricted Hartree-Fock 

energies tend to be more negative than the corresponding restricted 

Hartree-Fock energies (87). Yet, there is no doubt that the 4.86 eV 

transferred by collision with ( 3P1 )Hg is enough to convert a ground 

state toluene molecule to its triplet state. The excess energy results 

in the formation of a vibrationally excited molecule in the triplet 

state. 

Molecular orbital coefficients and eigenvalues are listed in 

Appendix B separately for a and s-electron contributions to triplet 

toluene. Table XI lists the optimized geometrical coordinates of 3A1 

toluene and the bond lengths and angles are compared with ground state 

toluene in Table XII obtained from this work and from 6-31G calculation 

of Bock et al. ( 80). 'There is a considerable amount of agreement in 

values obtained from the two types of basis sets used for the ground 

state molecule, the 6-31G bond lengths and angles have been shown to be 

close to experimental values obtained from microwave spectroscopy (88)·. 

In triplet toluene, the methyl shows a greater distortion to the right 

of the ring: angle <C7C1C3 is 124.1° in the 3A1 state and 121.2° in the 

1A1 state. The ring itself is distorted and bonds C1-C5 and C2-C4 in 

3A1 toluene are greater than their 1A1 counterparts by 0.144 and 0.140 i 

respectively. However, the rest of the bond lengths and angles remain 

0 
almost the same for both states, differing by only.:_ 0.05 A or + 0.5°. 
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TABLE XI 

STANDARD ORIENTATION FOR TRIPLET STATE TOLUENE 

Center Atom Coordinates (/Angstroms) 
ft x y z 

----~----

1 c 0.000000 0.993960 0.000000 
2 c -0.067108 -1. 942798 0.000000 
3 c -1.224257 0.293593 0.000000 
4 c -1.343342 -1. 092711 0.000000 
5 c 1.264933 0.085491 0.000000 
6 c 1. 158270 -1.296543 0.000000 
7 c 0.155880 2.435763 0.000000 
8 H -0. 136532 -3.013453 0.000000 
9 H -2.301876 -1. 580505 0.000000 

10 H -2.119889 0.885365 0.000000 
11 H 2.056181 -1. 882632 0.000000 
12 H 2.219892 0.571963 0.000000 
13 H 0.808098 2.928937 0.000000 
14 H 0.712035 2.764883 0.876123 
15 H 0.712035 2.764883 -0.876123 



TABLE XII 

COMPARISON OF OPTIMIZED GEOMETRIES 'FOR GROUND AND TRIPLET STATE 
TOLUENE MOLECULES FROM 3-21G AND 6-31G CALCULATIONS 

Bond Ground State Triplet State 
/Angle 6-31G 3-21G 3-21G 

-·--------------·~-~-·--·- ------
Bond -~~ths (IE,): 

C1-C3 1.3907 1.3858 1. 3869 
C1-C5 1.3943 1,3goo 1.5343 
C1-C7 1.5105 1.5175 1 • 501 6 
C2-C4 1.3856 1.3821 1.5306 
C2-C6 1.3890 1.3858 1. 3849 
C3-C4 1.3892 1.3860 1.3875 
C5-C6 1. 3856 1.3819 1. 3886 
C2-H8 1 • 0771 1.0721 1. 0704 
C3-H10 1.0782 1 • 0731 1. 0747 
C4-H9 1.0776 1,0723 1.0708 
C5-H12 1. 0788 1. 0738 1.0719 
C6-H11 1 . 0776 1.0722 1.0737 
C7-H13 1. 0827 1. 0830 1. 0832 
C7-H14 1 • 0850 1. 0849 1.0884 
C7-H15 1. 0850 1. 0849 1.0884 

Bond angles(/O): 

<C1C3C4 120.92 120.73 121.95 
<C2C6C5 120.19 120.18 121.31 
<C3C4C2 120.18 120.19 119.26 
<C4C2C6 119.45 119.49 119.24 
<C5C1C3 118.35 118.66 118.49 
<C5C1C7 120.44 120.10 117.38 
<C6C5C1 120.91 120.74 11 9. 76 
<C7C1C3 121.21 121.24 124.14 
<C1C3H10 119.52 119.57 118.89 
<C1C5H12 120. 01 119.46 118.37 
<C2C4H9 120.08 120.08 118.91 
<C2C6H11 120. 01 120.00 119.34 
<C4C2H8 120.31 120.29 118. 92 
<H13C7C1 111. 21 111.07 111 . 50 
<H14C7C1 111.21 11 0. 65 110.64 
<H15C7C1 111.21 110.65 110.64 
<H13C7H14 107.77 108.13 108.34 
<H13C7H15 107,77 108.13 108.34 
<H14C7H15 107. 77 108.10 107.22 

---~--·-- --·- --------- -----·--- -----·- ---- -----·--------
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Distortion of the benzene molecule from its regular hexagonal geometry 

in the 3B1u state has been reported by de Groot and Van der Waals (89). 

The large difference between the bond lengths in the triplet and singlet 

states suggest that there might be some excess energy deposited in the 

vibrational energy of the ring. The effect of Ar on product yield 

further shows that even an inert gas can partially deactivate the source 

of benzyl radicals. 

Mulliken population analysis (Fig. 40) shows a considerable 

decrease in the electron populations at the C1-C5 and C2-C4 bonds. 

Though Mulliken population analysis has its shortcomings,. there is a 

possibility of ring rupture at those bonds resulting in the formation of 

the unidentified products with molecular structures between C2 and C14, 

as obtained in the gas chromatograms (Figs. 10 and 11). The total 

TI-electron population in the ring (Fig. 41) is exactly 6.000 for triplet 

toluene, indicating little or no contribution from the n-electrons of 

the methyl group to the ring. Figure 42 depicts the total charge 

distribution in the molecule, the ortho and para carbons do not have 

higher charges. The net charge contribution to the ring is only 0.04248 

and the dipole moment is 0.2295 D. 

The Benzyl Radical 

Ab initio molecular orbital calculation on the benzyl radical using 

the 3-21G standard basis set and almost full optimization, gave an 

unrestricted Hartree-Fock energy of -267.64118 a.u. It is thus possible 

to estimate a theoretical energy change for the reaction, 

-------> + H· (XXVII) 



0.754500 

80.519261 

0.754500 

0.832624 0.833260 

0.432200 

Figure 40. Total Electron Population of Triplet 
State Toluene 
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? 1.11360 

Cl 0.97521 

Figure 41. IT-Electron Distri­
bution in Triplet 
State Toluene 

Figure 42. Total Charge Distri­
bution in Triplet 
State Toluene 
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using 3-21G optimized energy of ground state toluene (from the previous 

section) and 3-21G energy of hydrogen atom, -0.49620 a.u. (90). It will 

be assumed that the heat of reaction is equal to the difference in 

energies for the reactant and products. This assumption is justifiable 

only if the kinetic (thermal plus zero point) energies of the species 

are additive functions of the atoms in them (91). The value obtained, 

0.10284 a.u. or 64.533 Kcal/mol, is not greatly different from the 

experimental energy of 78 Kcal/mol (19). The difference can be 

attributed to the fact that the calculated energies were just HF 

energies which do not take into account correlation between the motions 

of electrons with opposite spins. Also, restricted Hartree-Fock and 

unrestricted Hartree-Fock energies are being compared. 

The optimized geometrical coordinates of the benzyl radical are 

given in Table XIII and the bond angles and lengths in Table XIV. A 

planar molecule results and except for the C3-C4 and C5-C6 bond lengths 

which are compara?le to their analogues in ground state toluene, the 

rest of the ring C-C bonds are longer by 0.04 X, but the C1-C7 bond is 

0 
less by 0.11 A. The ring angles do not differ by more than 10 for both 

species. Molecular orbitals and corresponding eigenvalues for the a and 

S-electrons are listed in Appendix C. 

Several valence bond and semi-empirical SCF-MO calculations have 

been done on the benzyl radical, some involving con.:'igura ti on lnter-

action (92)-(94). Carrington and Smith (94) have compared the calc-

ulated rr-electron spin densities Pi, with proton hyperfine coupling 

constants ai, obtained from electron spin resonance spectroscopy. They 

accomplished this by calculating theoretical hyperfine constants a1' 

from the Pi values, using the McConnell equation (95): 
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TABLE XIII 

STANDARD ORIENTATION FOR THE BENZYL RADICAL 

-------------
Center Atom Coordinates (/Angstroms) 

fl x y z 

1 c 0.000000 0.995389 0.000000 
2 c 0.000580 -1.839805 0.000000 
3 c 1.219717 0.254551 0.000000 
4 c 1.212738 -1.134473 0.000000 
5 c -1.219573 0.254510 0.000000 
6 c -1.212523 -1.134461 0.000000 
7 c -0.000336 2.399269 0.000000 
8 H 0.000026 -2.911645 0.000000 
9 H 2.141035 -1.671196 0.000000 

10 H 2. 150273 0.788559 0.000000 
11 H -2.140724 -1.671191 0.000000 
12 H -2.150301 0.788269 0.000000 
13 H 0.918167 2.953810 0.000000 
14 H -0. 918963 2.953514 0.000000 
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TABLE XIV 

3-21G OPTIMIZED GEOMETRY FOR THE BENZYL RADICAL 

--~.----

Bond Distance(/A) Bond angle Angle (1°) 

----- ----------
C1-C3 1 • 4271 <C1C3C4 120.99 
C1-C5 1.4270 <C2C6C5 120.48 
C1-C7 1. 4039 <C3C4C2 120.47 
C2-C4 1 • 4029 <C4C2C6 11 9. 63 
C2-C6 1.4028 <C5C1C3 117. 45 
C3-C4 1.3890 <C5C1C7 121.26 
C5-C6 1.3890 <C6C5C1 120.99 
C2-H8 1 • 0718 <C7C1C3 121.29 
C3-H10 1 • 0729 <C1C3H10 118.86 
C4-H9 1.0723 <C1C5H12 118.89 
C5-H12 1.0729 <C2C4H9 119.78 
C6-H11 1 • 0722 <C2C6H11 119. 78 
C7-H13 1.0729 <C4C2H8 120.19 
C7-H14 1. 0726 <H13C7C1 121.11 

<H..14C7C 1 121.13 
<H13C7H14 119. 73 
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( 16) 

Q is a constant chosen to be in the range of 22.5 - 30.0 gauss. 

IT-electron spin densities calculated in this work and from others 

are given in Table XV. Aside from the 3-21G spin densities, the rest 

show the C7 atom to have a relatively high spin density. Though this is 

in line with the magnitudes of experimental coupling constants, one 

would expect that delocallzation of the odd electron in the benzyl 

radical will lead a more even distribution of spin densities as obtained 

by 3-21G calculations, further, the planar configuration of the molecule 

allows an even greater interaction between the Pz orbital of methylene 

and the TI-system of the ring. From Table XV, it can be seen that the C4 

(meta) and C1 positions have negative spin densities since they do not 

contribute to resonance in the radical. Experimental results in di ca te 

that there should be a larger proton hyperfine splitting constant from 

the para position (C2) than from the ortho position (C3), due to 

possible interactions from protons on adjacent carbons (94). Most of 

the results on the table do not predict this trend of affairs. 

Electron distribution in the radical is shown in Figure 43. The 

TI-electron contribution to the ring is 0.00592 (Fig. 44), and the total 

charge contribution is 0.06974. These values are greater than those 

from toluene and can be attributed to enhanced resonance effects "in the 

benzyl radical. The charge distribution is shown in Figure 45, and it 

gives a dipole moment of 0.0223 D along the y-axis. 



TABLE XV 

CALCULATED SPIN DENSITIES FOR THE BENZYL RADICAL 

Method Ref. Spin Density at Carbon #: 
2 3 4 7 

Valence bond 91 -0.323 0.370 0.407 -0.25f. 0.651 

HMO with C • I. 91 -0.076 0.089 0.149 -0.048 0.785 

SCF-MO, no C. I. 89 0.000 0.052 0.088 0.000 0.772 

SCF -MO with C • I. 91 -0.067 0.095 0.131 -0.032 0.774 

SCF-MO, UHF with C.I. 90 -0. 103 0.208 0.200 -0.089 0.673 

3-21G, UHF * -0.482 0.559 0.566 -0.506 0.804 

---------.-~--·--------·--
___ ,,__ __ ~---·-----

HMO: Ruckel Molecular orbitals 
SCF-MO: self-consistent field molecular orbitals 

C. I.: configuration interaction 
UHF: unrestricted Hartree-Fock 

*: this work 
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Figure 43. Total Electron Population of the Benzyl 
Radical 
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Figure 44. IT-Electron Distri­
bution in the 
Benzyl Radical 

Figure 45. Total Charge Distri­
bution in the 
Benzyl Radical 
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CHAPTER VI 

CONCLUSIONS AND RECOMMENDATIONS 

It has been possible to separate and analyze most of the products 

from the triplet Hg photosensitized decomposition of toluene vapor at 25 

oc, despite their low quantum yields. No doubt bibenzyl was the major 

product and has been characterized completely. 

The mechanism of photosensitizatlon can be considered as one 

involving energy transfer from triplet excited Hg to a low lying triplet 

state of toluene, 3.59 eV above the ground state. There is a very 

efficient transfer of electronic energy, cr2 is about 60 A2 and primary 

reactions will originate from the vibrationally excited triplet formed. 

Unlike benzene, there is no evidence that the "hot" toluene molecule 

isomarizes (96). It dissociates to a small extent to form a benzyl 

radical and a hydrogen atom or even to a smaller extent to form phenyl 

and methyl radicals. The total quantum yield of product formation is 

less than 0.013, thus the major processes occurring after excitation 

could be either radiative transition to the ground state 

(pl'\osphorescence), or a radiationless ~ransition (intersystem crossing). 

The former not being an important process in the vapor phase, leaves 

intersystem crossing from the 3A1 state to higher vibrational levels in 

the 1A1 state with release of thermal energy, as the major route for 

electronic energy degradation. 

The aerosols formed were bibenzyl particles and a good correlation 
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was obtained between the rates of aerosol and bibenzyl formation at 

different substrate pressures. Differential settling method for 

determiriing particle size distribution, gave particle radii consistent 

with scanning electron microscope results. Light extinction measurement 

is not the most versatile technique for determining particle properties, 

recent advances in the quasi-elastic light scattering technique should 

be mentioned. This involves the measurements of time-averaged 

intensities of light scattered by particle dispersions (97). The light 

intensities measured in the µsec range using photon correlation 

spectroscopy, or the heterodyne technique, provide information on 

particle size distribution and particle dynamics. Most of these 

measurements have been made on collbidal systems and few on aerosols 

(98). The reason being that aerosols have been found to perturb light 

intensities appreciably, only over long path lengths (~9). Yet in this 

work, it has been shown that when toluene vapor is irradiated with UV 

light in the presence of Hg, it produces aerosols which are capable of 

attenuating a laser light beam by as much as 30% over a sample length of 

30 cm. Also, the production of aerosols by UV light is unique, in that, / 

a uniform distribution of particles is achieved almost instantaneously. 

The 3-21G basis set is presently being used as a starting point for 

more detailed ab initio calculations involving polarization basis sets 

like the 3-21G*, 6-31G* and the 6-31G** (87). It is used to optimize 

the geometry of molecules before SCF calculations are done with the 

polarization sets. Nevertheless, results from this work show that the 

3-21G split-valence basis set reasonably predicted experimental 

properties of the molecules studied. 
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ORBITAL SYMMETRIES. 
OCCUPIED (A') (A') (A') (A') (A') (A') (A') (A') (A') (A') 

(A') (A') (A') (A') (A') (A') (A') (A") (A') (A') 
(A") (A') (A') (A") (A") 

VIRTUAL (A") (A") (A') (A') (A') (A") (A') (A') (A') (A') 
(A") (A') (A') (A') (At) (A') (A') (A') (A') (A') 
(A") (A") (A') (A') (A') (A") (A') (A") (A") (A') 
(A") (A I) (A") (A') (A') (A') (A') (A") (A') (A') 
(A') (A') (A') (A') (A') (A') (A') (A') (A') (A') 
(A') (A') (A') (A') 

THE ELECTRONIC STATE IS 1-A'. 
MOLECULAR ORBITAL COEFFICIENTS 

1 2 3 4 5 
(A') (A') (A') (A') (A') 

EIGENVALUES -- -11.18452 -11.17320 -11.17285 -11.16995 -11.16959 
1 c lS 0.98730 -0.00277 -0.00264 -0.00211 0.00779 
2 2S (I) 0.10055 -0.00099 -o .00121 -0.00039 -0.00182 
3 2PX (I) -0.00013 0.00056 -0.00050 0.00011 0.00181 
4 2PY (I) -0.00046 -0.00043 -0.00049 -0.00023 0.00110 
5 2PZ (I) 0.00000 0.00000 0.00000 0.00000 0.00000 
6 2S (O) -0.09695 0.01773 0.02232 -0.00153 0.02248 
7 2PX (0) 0.00240 0.00222 -0.00131 -0.00106 -0.01858 
8 2PY (O) 0.01322 -0.01015 -0.01293 0.00337 -0.01713 
9 2PZ (0) 0.00000 0.00000 0.00000 0.00000 0.00000 

10 2 c lS -0.00517 0.05552 0.07245 -0.96583 0.12042 
11 25 (I) -0.00137 0.00962 0.01224 -0.09716 0.01206 
12 2PX (I) -0.00002 0.00106 -0.00090 0.00005 o. 00110 
13 2PY (I) -0.00027 0.00114 0.00141 -0.00136 -0.00030 
14 2PZ (I) 0.00000 0.00000 0.00000 0.00000 0.00000 
15 2S (0) 0.01183 -0.04100 -0.05075 0.08560 -0.01852 
16 2PX (0) -0.00026 -0.01146 0.00930 -o .00001 -0.00112 
17 2PY (0) 0.00696 -0.02194 -0.02703 0.02128 -0.00793 
18 2PZ (O) 0.00000 0.00000 0.00000 0.00000 0.00000 
19 3 c 15 -0.01244 0.01651 0.06439 0.16491 0.91936 
20 25 (I) -0.00535 0.00226 0.01115 0.01671 0.09297 
21 2PX (I) -0.00151 0.00028 0.00059 0.00029 0.00130 
22 2PY (I) -0.00055 -0.00005 -0.00157 -0.00121 -0.00037 
23 2PZ (I) 0.00000 0.00000 0.00000 0.00000 0.00000 
24 25 (O) 0.03507 -0.01127 -0.04885 -0.00500 -0.08734 
25 2PX (0) 0.02043 -0.00677 -0.0171~ 0.00339 -0.02116 
26 2PY (0) 0.00391 0.00409. 0.02107 -0.00046 0.00874 
27 2PZ (0) 0.00000 0.00000 0.00000 0.00000 0.00000 
28 4 c 15 -0.00344 0.09698 -0.97811 -0.05240 0.05783 
29 25 (I) -0.00010 0.00920 -0.09962 -0.00174 0.00144 
30 2PX (I) -0.00003 0.00098 -0.00124 0.00144 -0.00061 
31 2PY (I) -0.00075 -0.00035 -0.00077 -0.00063 -0.00119 
32 2PZ (I) 0.00000 0.00000 0.00000 0.00000 0.00000 
33 2S (0) -0 .00972 0.00930 0.10181 -0.02515 0.03148 
34 2PX (0) -0.00813 0.00727 0.02663 -0.01932 0.01316 
35 2PY (0) -0.00176 0.00502 0.01487 0.00285 0.01632 
36 2PZ (0) 0.00000 0.00000 0.00000 0.00000 0.00000 
37 5 c lS -0.01225 0.04938 0.02827 0.09517 -0.33363 
38 2S (I) -0.00514 0.00951 0.00436 0.00965 -0.03385 
39 2PX (I) 0.00146 -0.00052 -0.00039 -0.00016 0.00128 
40 2PY (I) -0.00059 -0.00160 -0.00034 -0.00118 0.00008 
41 2PZ (I) 0.00000 0.00000 0.00000 0.00000 0.00000 
42 2S (0) 0.03236 -o .04537 -0.02115 0.00105 0.01989 
43 2PX ( O) -0.01868 0.01542 0.01056 -0.00463 -0.00035 
44 2PY (0) 0.00279 0.01975 0.00779 -0.00071 0.00313 
45 2PZ (0) 0.00000 0.00000 0.00000 0.00000 0.00000 
46 6 c 15 -0.00393 -0.97965 -0.09065 -0.05170 0.01109 
47 2S (I) -0.00021 -0.09960 -0.00993 -0.00148 0.00112 
48 2PX (I) 0.00008 0.00138 -0.00071 -0.00143 0.00032 
49 2PY (I) -0.00073 -0.00071 -o .00047 -0.00052 0.00041 
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50 ZPZ (I) 0.00000 0.00000 0.00000 0.00000 0.00000 
51 25 (0) -0.00960 0.09777 0.02877" -0.02668 0.00319 
52 2PX (0) 0.00726 -0.02431 -0.01251 0.01975 -0.00451 
53 2PY ( 0) -0.00216 0.01392 0.00791 0.00159 -0.00219 
54 2PZ (0) 0.00000 0.00000 0.00000 0.00000 0.00000 
55 7 c 15 -0.00423 0.00553 0.00577 -o .00019 -0.01148 
56 25 (I) -0.00180 0.00118 0.00121 0.00011 -0.00198 
57 2PX (I) 0.00042 0.00023 -0.00007 0.00001 0.00026 
58 2PY (I) 0.000-37 -0.00028 -0.00034 0.00014 -0.00002 
59 2PZ (I) o·.00000 0.00000 0.00000 0.00000 0.00000 
60 25 (0) 0.01154 0.00035 0.00109 -0.00196 0.00760 
61 2PX (0) -0.00293 -0.00197 0.00069 0.00021 0.00227 
62 2PY (O) -0.00843 0.00026 0.00016 0.00080 -0 .0030 l 
63 2PZ (0) 0.00000 0.00000 0.00000 0.00000 0.00000 
64 8 H 15 (I) 0.00016 -0.00025 -0.00032 0.00235 -0.00061 
65 15 (0) 0.00174 -0 .00467 -0.00566 -0.00627 0.00012 
66 9 H 15 (I) -0.00052 0.00021 0.00256 0.00014 -0.00010 
67 15 (0) -0.00130 0.00227 -0.00454 -0.00443 0.00543 
68 10 H 15 (I) -0.00045 -0.00041 -0.00029 0.00005 -0.00223 
69 15 (0) 0.00299 -0.00185 -0.00505 0.00191 0.00559 
70 11 H 15 (I) -0.00045 0.00248 0.00071 0.00014 0.00014 
71 15 (0) -0.00110 -o .00496 0.00147 -0.00463 0.00103 
72 12 H 15 (I) -0.00034 -0.00018 -0.00045 0.00018 0.00022 
73 15 (0) 0.00266 -0.00461 -0.00296 0.00141 -0.00377 
74 13 H 15 (I) -0.00082 -0.00015 0.00031 0.00007 0.00001 
75 15 (0) -0.00155 -0.00079 -0.00032 0.00014 -0.00002 
76 14 H 15 (I) -0.00102 0.00026 0.00002 0.00005 -0.00032 
77 15 (0) 0.00244 0.00032 -o .00007 0.00004 -0.00046 
78 15 H 15 (I) -0.00102 0.00026 0.00002 0.00005 -0.00032 
79 15 (0) 0.00244 0.00032 -0.00007 0.00004 -0.00046 

6 7 8 9 10 
(A') (A') (A') (A') (A') 

EIGENV ALUE5 -- -11.16932 -11.16254 -1.15872 -1.04506 -1.01357 
l c 15 0.01551 -0.00426 -0.10783 0.12176 0.00085 
2 25 (I) -0.00366 0.00118 0.11936 -0.13026 -0.00099 
3 2PX (I) -0.00083 -0.00023 -0.00036 -0.00054 0. 10554 
4 2PY (I) 0.00223 0.00070 -0.05116 -0.03300 -0.00009 
5 2PZ (I) 0.00000 0.00000 0.00000 0.00000 0.00000 
6 25 (0) 0.04547 -0.01666 0.20073 -0.26772 -0.00194 
7 2PX (0) 0.00869 0.00267 0.00153 -0.00440 0.01711 
8 2PY (0) -0.03485 -0.01711 0.00825 -0.00412 0.00051 
9 2PZ (0) 0.00000 0.00000 0.00000 0.00000 0.00000 

10 2 c 15 0.13823 -0.00314 -0.09072 -0.11724 0.00036 
11 25 (I) o. 0138 7 -0.00018 0.10152 0. 12697 -0.00042 
12 2PX (I) -0.00052 0.00002 -0.00001 -0.00070 0.10236 
13 2PY (I) -0.00074 0.00018 0.05733 0.03740 -0.00062 
14 2PZ (I) 0.00000 0.00000 0.00000 0.00000 0.00000 
15 25 (0) -0.02891 0.00163 0.17184 0.25476 -0.00072 
16 2PX (0) 0.00035 -0 .00085 -0.00040 0.00140 0.00934 
17 2PY ( 0) -0.01429 0.00187 0.01670 0.00699 0.00002 
18 2PZ (0) 0.00000 0.00000 0.00000 0.00000 0.00000 
19 3 c 15 0.31248 -0.01624 -0.09796 0.03505 0.11905 
20 25 (I) 0.03147 -0.00093 0 .10937 -0.03742 -o .12763 
21 2PX (I) -0.00060 0.00017 0. 05 339 -0.04048 0.00477 
22 2PY (I) -o .00035 0.00072 -0.02279 -0.07527 0.05483 
23 2PZ (I) 0.00000 0.00000 0.00000 0.00000 0.00000 
24 25 (0) -o .04380 0.00158 0.19057 -0.08846 -0.27492 
25 ZPX (0) -0.01557 -0.00093 0. 017 34 -0.00838 -0.00520 
26 ZPY (0) 0.01117 -0.00041 -0.01426 0.00115 0.01019 
27 2PZ (0) 0.00000 0.00000 0.00000 0.00000 0.00000 
28 4 c 15 0.05056 -0.00663 -0.09211 -0 .07 364 0.11806 
29 25 (I) 0.00201 0.00015 0.10439 0.07858 -0.12677 
30 2PX (I) -0.00071 0.00017 0.04930 0.05051 0.00447 
31 2PY (I) -0.00051 0.00037 0 .02963 -0.04044 -0.05658 
32 2PZ (I) 0.00000 0.00000 0.00000 0.00000 0.00000 
33 25 (0) 0.02661 -0.00312 0.15810 0.17637 -0.27621 
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34 2PX (0) o. 01394 -o.002so O.OOS09 0.01533 -0.00742 
3S 2PY (0) 0.01054 -0.00209 0.00020 0.00817 -0.00965 
36 2PZ (0) 0.00000 0.00000 0.00000 0.00000 0.00000 
37 s c 15 0.92247 -0.01379 -0.09821 0.03512 -o. 11914 
38 25 (I) 0.09324 -0.00077 o. 109S9 -0.03750 0.1276S 
39 2PX (I) -0.00067 -0.00026 -0.05327 0.03962 0.00533 
40 2PY (I) -o.oooss 0.00089 -0.02287 -0.07597 -O.OS679 
41 2PZ (I) 0.00000 0.00000 0.00000 0.00000 0.00000 
42 25 (0) -0.09601 0.00076 0.19085 .:..o.08803 0.27549 
43 2PX (0) 0 .02616 0.00339 -o .o 1645 0.00536 -O.OOSS8 
44 2PY (0) 0.01374 -0.00427. -0.01630 0.00814 -0.01024 
45 2PZ (0) 0.00000 0.00000 0.00000 0.00000 0.00000 
46 6 c 15 0.06342 -0.0071S -0.09230 -0.07284 -0.1187S 
47 25 (I) 0.00115 0.00023 0.10469 0.07743 0.127S4 
48 2PX (I) 0.00086 -0.00013 -0.04866 -0.05033 0.00566 
49 2PY (I) -0.00134 0.00037 0.03086 -0.03962 0.05784 
so 2PZ (I) 0.00000 0.00000 0.00000 0.00000 0.00000 
51 25 (0) 0.04118 -0.00474 0.15755 0.17792 0.27791 
S2 2PX (0) -0.01813 0.00116 -0.00564 -0.01349 -0.00703 
53 2PY ( 0) 0.01980 -0.00429 -0.00100 0.01249 0.00993 
54 2PZ (0) 0.00000 0.00000 0.00000 0.00000 0.00000 
SS 7 c 15 -0.01959 -0.98727 -0.03804 0.11551 0.00011 
56 25 (I) -0 .00339 -0.10220 0.03991 -0.11100 -0.00019 
S7 2PX (I) -0.00010 -0.00013 -0.00067 0.00098 0.01358 
58 2PY (I) 0.00006 -0.00004 -0.02723 0.04210 -0.00026 
S9 2PZ (I) 0.00000 0.00000 0.00000 0.00000 0.00000 
60 25 (0) 0.01388 0.08500 0.07359 -0.31073 0.00027 
61 2PX (0) -0.00134 -0.00013 0.00233 -0.00380 0.00410 
62 2PY (0) -0 .00"628 -0 .00625 0.00758 0.00990 0.00043 
63 2PZ (0) 0.00000 0.00000 0.00000 0.00000 0.00000 
64 8 H 15 (I) -0.00101 0.00024 0.03109 O.OS546 -0.00013 
65 lS (0) -0.00056 0.0002S -0.00361 0.00608 0.00004 
66 9 H 15 (I) 0.00012 -0.00007 0.03150 0.03479 -0.06314 
67 15 (0) 0.00506 -0.00142 -0.00693 0.00743 -0.01273 
68 10 H 15 (I) -0.00148 -0.00010 0 .03483 -0.02209 -0.06388 
69 15 (0) -0.00016 0.00014 -0.00040 -0.00932 -0.01257 
70 11 H 15 (I) 0.00003 0.00003 0.03162 0.03436 0.06350 
71 15 (0) 0.00714 -0.00126 -0.00693 0.00741 0.01273 
72 12 H 15 (I) -0.00264 0.00024 0.03507 -0.02278 0.06376 
73 15 (0) 0.00431 -0.00105 -0 .0008S -0.00806 0.01282 
74 13 H 15 (I) -0.00056 -0.00027 0.016S7 -O.OS667 -O.OOS86 
7S 15 (0) -0.00038 -0.01448 -0.00160 -0.00304 -0.00488 
76 14 H 15 (I) -0.00044 -o .00032 0.01652 -O.OS648 0.00281 
77 15 (0) 0.00003 -0.01451 -0.00566 0.00372 0.00171 
78 lS H 15 . (I) -0.00044 -0.00032 0.016S2 -0.05648 0.00281 
79 15 (0) 0.00003 -0.01451 -0.00566 0.00372 0.00171 

11 12 13 14 lS 
(A') (A') (A') (A') (A') 

EIGENV ALUE5 -- -0.93S65 -0.82730 -0.80029 -0.70209 -0.63891 
l l c 15 -0.03037 -o .00030 0.10413 0.02299 -0.00581 
2 2S (I) 0.03247 0.00005 -0 .10780 -o .o 1918 0.00517 
3 2PX (I) -0.00306 0.19183 0.00017 -0.00006 0.21377 
4 2PY (I) -0 .14170 -0.00149 O.OSlSO -0.08956 0.00264 
5 2PZ (I) 0.00000 0.00000 0-.00000 0.00000 0.00000 
6 25 ( 0) 0.08298 0.00209 -0. 34077 -0.09355 0.02355 
7 2PX (0) -0.00814 0.08078 0.00107 0.00136 O.l528S 
8 2PY (0) -0.02033 0.00090 0.03106 -0.06061 0.00971 
9 2PZ (0) 0.00000 0.00000 0.00000 0.00000 0.00000 

10 2 c 15 0.09857 0.00078 0.09041 0.02832 0.00470 
11 2S (I) -0.10377 -0.00078 -0.09343 -0.02407 -0.00521 
12 2PX (I) 0.00117 -0 .17994 -0.00060 0.00194 0.21956 
13 2PY (I) 0.00762 0.00146 0.03894 0.21287 -0.00152 
14 2PZ (I) 0.00000 0.00000 0.00000 0.00000 0.00000 
15 2S (0) -0.26458 -0.00250 -0.29700 -0.12216 -0.01325 
16 2PX (0) 0.00233 -0.06304 -0 .00098 0.00073 0.11803 
17 2PY ( 0) -0.00722 0 .00077 0.00107 0.13719 0 .00396 
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HJ 2PZ (0) 0.00000 0.00000 0.00000 0.00000 .0.00000 
19 3 c 15 -0.07392 0.08954 -0.03409 0.02101 -0.01006 
20 25 (I) 0.07813 -0.09276 0.03399 -0.01760 0.00893 
21 2PX (I) 0.02846 -0.00866 -0.13820 o. 11660 -0.09473 
22 2PY (I) -0.00447 -o .10831 -0.11805 -o .11975 -0.19369 
23 2PZ (I) 0.00000 0.00000 0.00000 0.00000 0.00000 
24 25 (0) 0.19217 -0.27979 0.11578 -0.08748 0.05316 
25 2PX (0) 0.01416 -0.00775 -0.05350 . 0.08315 -o .03951 
26 2PY (0) -0.01441 -0.03202 -0.03413 -0.06787 -0.10869 
27 2PZ ( 0) 0.00000 0.00000 0.00000 0.00000 0.00000 
28 4 c 15 0.01667 -0.09332 -0.06246 -0.00984 0.00063 
29 25 (I) -0.01845 0.09681 0.06378 0.01482 0.00014 
30 2PX (I) -0 .04397 0.00425 -0.11898 0.13016 -0.10080 
31 2PY (I) 0.09130 -0.09566 0.09557 0.09512 0.20472 
32 2PZ (I) 0.00000 0.00000 0.00000 0.00000 0.00000 
33 25 (0) -0.03939 0.29608 0.21066 0.01582 -0.01203 
34 2PX (0) -0.00114 0.00875 -0 .04683 0.08418 -0.06116 
35 2PY (0) 0.02226 -0 .02838 0.03948 0.06010 0.11360 
36 2PZ (0) 0.00000 0.00000 0.00000 0.00000 0.00000 
37 5 c 15 -0.07251 -0.09032 -0.03380 0.02168 0.01768 
38 25 (I) 0.07626 0.09345 0.03384 -0.o1804 -0.01694 
39 2PX (I) -0.02738 -0.00842 0.13614 -0.11904 -0.10978 
40 2PY (I) -0.00676 0.10823 -0.11921 -0.11822 0. 19065 
41 2PZ (I) 0.00000 0.00000 0.00000 0.00000 0.00000 
42 25 (0) o. 19129 0.28374 0.11480 -0.09106 -0.07153 
43 2PX (0) -0.01948 -0.00855 0.05404 -0.08384 -0.05621 
44 2PY (0) -0 .00398 0.03015 -0.03723 -0.06892 0.09113 
45 2PZ (0) 0.00000 0.00000 0.00000 0.00000 0.00000 
46 6 c 15 0.01522 0.09357 -0.06159 -o .o 1022 -0.00874 
47 25 (I) -0.01722 -0.09692 0.06308 o.o 1525 0.00855 
48 2PX (I) 0.04425 0.00538 0 .11949 -o .12996 -o .07775 
49 2PY (I) 0.09011 0.09753 0.09504 0.09468 -0.21567 
50 2PZ (I) 0.00000 0.00000 0.00000 0.00000 0.00000 
51 25 (0) -0.03123 -0.29878 0.20648 0.01644 0.03108 
52 2PX ( 0) 0.00425 0.00916 0.04651 -0.08446 -0.03903 
53 2PY (0) 0.02791 0.02820 0.03746 0.05915 -0.13059 
54 2PZ (0) 0.00000 0.00000 0.00000 0.00000 0.00000 
55 7 c 15 0.15835 0.00092 -0.05459 -0.02799 0.00068 
56 25 (I) -0.14801 -0.00112 0.05017 0.02245 -0 .00054 . 
57 2PX (I) -0.00082 0.04566 0.00055 0.00458 0.14863 
58 2PY (I) -0.02312 -0.00202 0.08470 0.09451 -0.01333 
59 2PZ (I) 0.00000 0.00000 0.00000 0.00000 0.00000 
60 25 (0) -0.49705 -0 .00257 0.19646 0.12012 -0.00724 
61 2PX (0) -0.00057 0.02703 -0.00069 0.00119 0 .10430 
62 2PY (0) 0.00037 0.00008 0.03697 0.05280 -0.00531 
63 2PZ (0) 0.00000 0.00000 0.00000 0.00000 0.00000 
64 8 H 15 (I) -0.06879 -0.00094 -0.08982 -0.14608 -0.00413 
65 15 (0) -0.02345 -0.00038 -0.04618 -0.09141 -0.00098 
66 9 H 15 (I) -0.o1392 0.09103 0.07695 -0.08224 -0.00861 
67 15 (0) -0.00151 0.04326 0.03820 -0.05488 -0.00776 
68 10 H 15 (I) 0.03723 -0 .09036 0.05708 -0.11011 -0.00313 
69 15 (0) 0.00830 -0.04320 0.03117 -0.06793 -0.00325 
70 11 H 15 (I) -0.01327 -0.09166 0.07590 -0.08180 0.03432 
71 15 (0) -0.00155 -0.04366 0.03757 -0.05465 0.02299 
72 12 H lS (I) 0.03544 0.09057 0.05632 -0.11113 -0.01524 
73 lS (0) 0.01002 0.04351 0.03000 -0.06848 -0.00705 
74 13 H lS (I) -0.09673 -0.02443 0.05425 0.03587 -0.09549 
75 15 (0) -0.01687 -0.01630 0.02422 0.01738 -0.07693 
76 14 H 15 (I) -0.09652 0.01076 0.05162 0.04004 0.04302 
77 lS (0) -0.01674 0.00626 0.02516 0.02352 0.03316 
78 15 H lS (I) -0.09652 0.01076 0.05162 0.04004 0.04302 
79 15 (0) -0.01674 0.00626 0.02516 0.02352 0.03316 

16 17 18 19 20 
(A') (A') (A") (A') (A') 

EIGENV ALOES -- -0.62772 -0.58881 -0.57836 -0.56901 -o. 5 3982 
1 1 c lS -0.07394 0.00073 0.00000 -0.01054 -0.00046 



112 

2 25 ( !) 0.07657 -0.00092 0.00000 0.00572 0.00260 
3 2PX (I) -0.02005 -0.09988 0.00000 0.00532 0.04472 
4 2PY (!) 0.03405 0.00011 0.00000 0.24834 -0.01231 
5 2PZ (I) 0.00000 0.00000 -0.13754 0.00000 0.00000 
6 2S (0) 0 .23821 -0.00087 0.00000 0.06331 -0.01436 
7 2PX (0) -0.00851 -0.06744 0.00000 0.00660 o. 03881 
8 2PY (0) 0.08203 -0.00029 0.00000 o. 21528 -0.01325 
9 2PZ (0) 0.00000 0.00000 -o. 10727 0.00000 0.00000 

10 2 c lS 0.05796 -0.00052 0.00000 -0.01201 0.00155 
11 2S (I) -0.06262 0.00064 0.00000 0.01538 -0.00173 
12 2PX (I) -0.02004 -0.10726 0.00000 0.00326 0.12804 
13 2PY (I) 0.02261 0.00227 0.00000 0.27032 -0.00197 
14 2PZ (I) 0.00000 0.00000 -0.03432 0~00000 0.00000 
15 2S (0) -0.16699 0.00064 0.00000 0.02324 -0.00276 
16 2PX (0) -0.01145 -0.05588 0.00000 0.00185 0. 0818 7 
17 2PY (0) 0.06673 0.00124 0.00000 0.24648 -0.00264 
18 2PZ (0) 0.00000 0.00000 -0 .02986 0.00000 0.00000 
19 3 C· lS 0.05290 -0.02151 0.00000 0.02115 0.01866 
20 2S (I) -0.05526 0.02628 0.00000 -0 .02498 -0.01765 
21 2PX (I) 0.13456 0.18082 0.00000 -o .11830 0.02910 
22 2PY (I) -0.00772 -0.11310 0.00000 0.05427 -0.11941 
23 2PZ (I) 0.00000 0.00000 -0.07508 0.00000 0.00000 
24 2S (0) -0.16154 0.03777 0.00000 -0.03629 -0.07721 
25 2PX (0) 0.13329 0.13731 0.00000 -0.07821 0.05239 
26 2PY (0) -0.04986 -0.09020 0.00000 0.03136 -0.07097 
27 2PZ (0) 0.00000 0.00000 -0.06826 0.00000 0.00000 
28 4 c lS -0.05121 -0.01752 0.00000 -0.01855 -0.01053 
29 2S (I) 0.05343 0.02207 0.00000 0.02190 0.01013 
30 2PX (I) -0.13134 0.19653 0.00000 0.10198 -0.07774 
31 2PY (I) -0.09653 0.11529 0.00000 -0.05467 0.09712 
32 2PZ (I) 0.00000 0.00000 -0.04399 0.00000 0.00000 
33 2S (0) o. 15645 0.02764 0.00000 0.02913 0.04921 
34 2PX (0) -0.13844 0.15940 0.00000 0.05071 -0.06624 
35 2PY (0) -0.09638 0.08492 0.00000 -0.03822 0.06224 
36 2PZ (0) 0.00000 0.00000 -0.03738 0.00000 0.00000 
37 5 c lS 0.05216 0.02055 0.00000 0.02034 -0.01656 
38 2S (I) -0.05442 -0.02529 0.00000 -0.02408 0.01483 
39 2PX (I) -0.11350 0.18572 0.00000 0.11431 0.01297 
40 2PY (I) -0.04071 0.11368 0.00000 0.05888 0.12126 
41 2PZ (I) 0.00000 0.00000 -0.07643 0.00000 0.00000 
42 2S (0) -0.16112 -0 .03403 0.00000 -0.03606 0.06274 
43 2PX (0) -0 .11985 0.14322 0.00000 0.07874 0.03206 
44 2PY (0) -0.06990 0.08906 0.00000 0.03146 0.09420 
45 2PZ (0) 0.00000 0.00000 -0.07324 0.00000 0.00000 
46 6 c lS -0.05074 0.01825 0.00000 -0.01830 0.00930 
47 2S (I) 0.05294 -0.02273 0.00000 0.02158 -0.01042 
48 2PX (I) o. 14949 0.19249 0.00000 -0.10388 -0.07054 
49 2PY (I) -0.06313 -0.11735 0.00000 -0.05886 -0.10475 
so 2PZ (I) 0.00000 0.00000 -0.04539 0.00000 0.00000 
51 2S (0) 0.15419 -0.03117 0.00000 0.02841 -0.02588 
52 2PX (0) 0.14738 0 .15522 0.00000 -0.05343 -0.05596 
53 2PY (0) -0.07847 -0.08664 0.00000 -0.04214 -0.05707 
54 2PZ (0) 0.00000 0.00000 -0.03734 0.00000 0.00000 
55 7 c lS 0.00491 -0.00033 0.00000 0.00409 0.00025 
56 25 (I) -0.00177 0.00028 0.00000 0.00215 -0.00037 
57 2PX (I) -0.00782 0.03073 0.00000 -0.01354 -o. 33017 
58 2PY (I) -0.11342 0.00103 0.00000 -0.22274 0.01500 
59 2PZ (I) 0.00000 0.00000 -0.34138 0.00000 0.00000 
60 2S (0) -0.05741 0.00171 0.00000 -0.06592 0.00380 
61 2PX (O) -0.00736 0.03421 0.00000 -0.00962 -0 .2960 l 
62 2PY (0) -0.05359 0.00075 0.00000 -0.14640 0.00979 
63 2PZ (0) 0.00000 0.00000 -0.28270 0.00000 0.00000 
64 a H lS (I) -0.07241 -0 .00064 0.00000 -0.17732 -0.00090 
65 lS (0) -0.03192 -0.00062 0.00000 -0.13437 -0.00093 
66 9 H lS ( !) 0.15487 -o .13690 0.00000 -0.02314 0.02686 
67 lS (0) 0.09293 -0.10668 0.00000 -0.02680 0.01756 
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68 10 H lS (I) -0.13049 -0.12384 0.00000 0.06753 -0.07456 
69 lS ( O) -0.07543 -0 .10049 0.00000 0.06039 -0.04759 
70 11 H lS (I) 0.15399 0.13452 0.00000 -0.02239 -0.01755 
71 lS (0) 0.09258 0 .10525 0.00000 -0.02590 -0.00980 
72 12 H lS (I) -0.12865 0.12768 0.00000 0.06762 0.06456 
73 lS (0) -0.07477 0.10244 0.00000 0.05867 0.04386 
74 13 H lS (I) -0.02975 -0.02382 0.00000 -0.04909 0.23179 
75 lS (0) -0.03207 -0.02245 . 0.00000 -0 .04290 0.20819 
76 14 H lS (I) -0.03110 0.01225 -0 .19473 -0.05935 -0.11248 
77 lS (0) -0.03098 0.01152 -0.16890 -0 .05550 -o .10130 
78 15 H lS (I) -0.03110 0.01225 0.19473 -0.05935 -0.11248 
79 lS (0) -o .03098 0.01152 0.16890 -o.ossso -0.10130 

21 22 23 24 25 
(A") (A') (A') (A") (A") 

EIGENVALUES -- -0.49368 -0.48358 ·-o.48163 -0. 33690 -0.32624 
1 1 c lS 0.00000 0.00086 0.00567 0.00000 0.00000 
2 2S (I) 0.00000 0.00009 -0.00311 0.00000 0.00000 
3 2PX (I) 0.00000 0.23793 -0.03931 0.00000 0.00000 
4 2PY (I) 0.00000 -0.04069 -0.22557 0.00000 0.00000 
5 2PZ (I) -0.12671 0.00000 0.00000 0.01582 0.26248 
6 2S (0) 0.00000 -0.00685 -0.01079 0.00000 0.00000 
7 2PX (0) 0.00000 0.19106 -0.04153 0.00000 0.00000 
8 2PY ( 0) 0.00000 -0.04941 -0.28664 0.00000 0.00000 
9 2PZ (0) -0.13432 0.00000 0.00000 0.01628 0.32302 

10 2 c lS 0.00000 0.00007 -0.00284 0.00000 0.00000 
11 2S (I) 0.00000 0.00020 0.00430 0.00000 0.00000 
12 2PX (I) 0.00000 -0.20.600 0.03216 0.00000 0.00000 
13 2PY (I) 0.00000 0.02482 0.16219 0.00000 0.00000 
14 2PZ (I) -0.19058 0.00000 0.00000 -0.01168 -0.26292 
15 2S (0) 0.00000 0.00012 0.00831 0.00000 0.00000 
16 2PX (0) 0.00000 -0.13997 0.02385 0.00000 0.00000 
17 2PY ( 0) 0.00000 0.02891 0.19342 0.00000 0.00000 
18 2PZ (0) -0.18599 0.00000 0.00000 -0.01366 -0.32311 
19 3 c lS 0.00000 0.00883 -0.00211 0.00000 0.00000 
20 2S (I) 0.00000 -0.01068 0 .00286 0.00000 0.00000 
21 2PX (I) 0.00000 -0.19286 0.05714 0.00000 0.00000 
22 2PY (I) 0.00000 -0.00352 0.20841 0.00000 0.00000 
23 2PZ (I) -0.16132 0.00000 0.00000 0.23969 0.13558 
24 2S ( 0) 0.00000 -0.02898 -0 .02349 0.00000· 0.00000 
25 2PX (0) 0.00000 -0.20185 -0.00899 0.00000 0.00000 
26 2PY (0) 0.00000 0.06461 0.17496 0.00000 0.00000 
27 2PZ (0) -0.15595 0.00000 0.00000 0.29139 0.16594 
28 4 c lS 0.00000 -0.00508 0.00531 0.00000 0.00000 
29 2S (I) 0.00000 0.00560 -0.00778 0.00000 0.00000 
30 2PX (I) 0.00000 0.18617 -0.02191 0.00000 0.00000 
31 2PY (I) 0.00000 -0 .03608 -0.20330 0.00000 0.00000 
32 2PZ (I) -0.18261 0.00000 0.00000 0.22404 -0.13702 
33 2S (0) 0.00000 0.03240 -0 .00023 0.00000 0.00000 
34 2PX (0) 0.00000 0. 19205 -0.06050 0.00000 0.00000 
35 2PY (0) 0.00000 0.02287 -0 .15766 0.00000 0.00000 
36 2PZ (0) -0.17965 0.00000 0.00000 0.26909 -0.16662 
37 5 c lS 0.00000 -0.00874 0.00098 0.00000 0.00000 
38 2S (I) 0.00000 o.o 1034 -0.00139 0.00000 0.00000 
39 2PX (I) 0.00000 -0.20598 0.00591 0.00000 0.00000 
40 2PY (I) 0.00000 0.06792 0. 19258 0.00000 0.00000 
41 2PZ (I) -0. 16042 0.00000 0.00000 -0.22778 0.15642 
42 2S (0) 0.00000 0.02000 -0.02413 0.00000 0.00000 
43 2PX ( 0) 0.00000 -0.19957 0.06446 0.00000 0.00000 
44 2PY ( O) 0.00000 0.00039 0.18884 0.00000 0.00000 
45 2PZ (0) -0.15287 0 .00000 0.00000 -0.27580 0.18845 
46 6 c lS 0.00000 0.00633 0.00282 0.00000 0.00000 
47 2S (I) 0.00000 -0.00793 -0.00512 0.00000 0.00000 
48 2PX (I) 0.00000 0.18616 -0 .03929 0.00000 0.00000 
49 2PY (I) 0.00000 -0.03054 -0.20020 0.00000 0.00000 
so 2PZ (I) -o. 1818 5 0.00000 0.00000 -0.23887 -o. 10930 
51 ZS (0) 0.00000 -0.02558 0.01424 0.00000 0.00000 
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52 2PX (0) 0.00000 0. 20519 -0.00130 0.00000 0.00000 
53 2PY ( 0) 0.00000 -0.06893 -0.13711 0.00000 0.00000 
54 2PZ (0) -0.17979 0.00000 0.00000 -o. 28 779 -o. 13132 
SS 7 c lS 0.00000 0.00389 0.02140 0.00000 0.00000 
56 2S (I) 0.00000 -0.00446 -0.02498 0.00000 0.00000 
57 2PX (I) 0.00000 -0.08671 0.02879 0.00000 0.00000 
58 2PY (I) 0.00000 0.03952 0.22727 0.00000 0.00000 
59 2PZ (I) 0.14075 0.00000 0.00000 -0.00034 -0.07772 
60 2S (0) 0.00000 -0.00464 -0 .01956 0.00000 0.00000 
61 2PX (0) 0.00000 -0.09578 0.03227 0.00000 0.00000 
62 2PY ( 0) 0.00000 0.02646 0.15162 0.00000 0.00000 
63 2PZ (0) 0.13696 0.00000 0.00000 0.01291 -0.08247 
64 a H lS (I) 0.00000 -0.02013 -0.13219 0.00000 0.00000 
65 lS (0) 0.00000 -0.01660 -0.10919 0.00000 0.00000 
66 9 H lS (I) 0.00000 -0.11403 0.09249 0.00000 0.00000 
67 lS (0) 0.00000 -0.09256 0.07972 0.00000 0.00000 

. 68 10 H lS (I) 0.00000 0.13069 0.04944 0.00000 0.00000 
69 lS (0) 0.00000 0.11143 0.03451 0.00000 0.00000 
70 11 H lS (I) 0.00000 0.13894 0.05145 0.00000 0.00000 
71 lS (0) 0.00000 0. 11421 0.04532 0.00000 0.00000 
72 12 H lS (I) 0.00000 -0.11276 0.08446 0.00000 0.00000 
73 lS (0) 0.00000 -0.09625 0.06725 0.00000 0.00000 
74 13 H lS (I) 0.00000 0.07935 0.02643 0.00000 0.00000 
75 lS (0) 0.00000 0.08760 0.04295 0.00000 0.00000 
76 14 H lS (I) 0.09158 -0.02847 0.05076 -0.00273 -0.06795 
77 lS (0) 0.08790 -0.02918 0.06602 -0.01528 -0.08683 
78 15 H lS (I) -0.09158 -0.02847 0.05076 0.00273 0.06795 
79 lS (0) -0.08790 -0.02918 0.06602 0.01528 0.08683 

26 27 28 29 30 
(A'") (A") (A') (A') (A') 

EIGENVALUES -- 0.15039 0.15653 0.26219 0.29909 0.31404 
l l c is. 0.00000 0.00000 0.0271 l 0.00490 -0.00355 
2 2S (I) 0.00000 0.00000 -0.00912 -0.00820 -0.01508 
3 2PX (I) 0.00000 0.00000 0.00428 -0.00432 -o .03963 
4 2PY (I) 0.00000 0.00000 -0.03659 -0.00514 0.01135 
5 2PZ (I) 0.16729 0.22514 0.00000 0.00000 0.00000 
6 2S (0) 0.00000 0.00000 -0.42280 0.33138 0.12194 
7 2PX (0) 0.00000 0.00000 -0 .05927 0.04611 0.00460 
8 2PY (0) 0.00000 0.00000 -0.00387 -o. 37344 0.01076 
9 2PZ (0) 0.33214 0.48472 0.00000 0.00000 0.00000 

10 2 c lS 0.00000 0.00000 0.04464 0.01548 0.00312 
11 25 (I) 0.00000 0.00000 -0.02392 0.00815 0.00096 
12 2PX (I) 0.00000 . 0.00000 0.00336 -0.00711 -0.02914 
13 2PY (I) 0.00000 0.00000 0.09163 0.08563 0.02229 
14 2PZ (I) 0.15719 0.20959 0.00000 0.00000 0.00000 
15 2S (0) 0.00000 0.00000 -0.49889 -0.48884 -0.07684 
16 2PX (0) 0.00000 0.00000 0.01487 -0.01859 0.02355 
17 2PY (0) 0.00000 0.00000 o. 38632 0.17679 0.06563 
18 2PZ (0) 0.35439 0.47612 0.00000 0.00000 0.00000 
19 3 c lS 0.00000 0.00000 0.04783 -0.01782 -0.00900 
20 2S (I) 0.00000 0.00000 -0.02662 0.01764 -0.01321 
21 2PX (I) 0.00000 0.00000 0.08889 -0.04550 -0.15232 
22 2PY (I) 0.00000 0.00000 -0.04677 0.03576 0.03533 
23 2PZ (I) 0.09840 -0.24410 0.00000 0.00000 0.00000 
24 2S (0) 0.00000 0.00000 -0.53573 0.12821 0.34669 
25 2PX (0) 0.00000 0.00000 0.41327 -0.48271 -0. 51544 
26 2PY (0) 0.00000 0.00000 -0.24369 0.07380 0.26131 
27 2PZ (0) 0.23473 -0.55392 0.00000 0.00000 0.00000 
28 4 c lS 0.00000 0.00000 0.04034 0.03462 -0.02659 
29 2S (I) 0.00000 0.00000 -0.01243 -0.02458 0.00284 
30 2PX (I) 0.00000 0.00000 0.08128 0.03954 -0.09446 
31 2PY (I) 0.00000 0.00000 0.05866 -0.00089 -0.02711 
32 2PZ (I) -0.26177 0.03331 0.00000 0.00000 0.00000 
33 2S (0) 0.00000 0.00000 -0.59901 -o. 34411 0.51378 
34 2PX ( 0) 0.00000 0.00000 0.24214 0.33990 -o. 29490 
35 2PY ( 0) 0.00000 0.00000 0. 14437 0.06088 -0.12423 
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]6 2PZ (0) -0.59160 0.07531 0.00000 0.00000 0.00000 
37 5 c lS 0.00000 0.00000 0.04984 -0.00942 0.01204 
38 2S (I) 0.00000 0.00000 -0.03390 0.02481 0.00246 
39 2PX (I) 0.00000 0.00000 -0.06389 -0.01094 -0.13149 
40 2PY (I) 0.00000 0.00000 -0.04916 0.02532 -0.03705 
41 2PZ (I) -0.25861 0.04358 0.00000 0.00000 0.00000 
42 2S (0) 0.00000 0.00000 -0.47187 -0.08448 -o. 37900 
43 2PX (0) 0.00000 0.00000 -0.37711 0.31741 -0.40636 
44 2PY (0) 0.00000 0.00000 -0.16544 -0.07664 -0.25803 
45 2PZ (0) -0.58601 0.09204 0.00000 0.00000 0.00000 
46 6 c lS 0.00000 0.00000 0.03669 0.04082 0.03789 
47 2S (I) 0.00000 0.00000 -0.01109 -0.02306 -0.00759 
48 2PX (I) 0.00000 0.00000 -0.07351 -0.06974 -0.11657 
49 2PY (I) 0.00000 0.00000 0.06018 0.01409 0.04313 
50 2PZ (I) 0.10860 -0.24923 0.00000 0.00000 0.00000 
51 2S (0) 0.00000 0.00000 -0.53329 -0.49446 -0.67020 
52 2PX (0) 0.00000 0.00000 -0.19840 -0.44572 -0.40002 
53 2PY ( 0) 0.00000 0.00000 0.16941 0.08487 0.18488 
54 2PZ (0) 0.24407 -0.56234 0.00000 0.00000 0.00000 
55 7 c lS 0.00000 0.00000 0.01967 -0.14075 0.04338 
56 2S (I) 0.00000 0.00000 0.00150 0.03150 -0.01096 
57 2PX (I) 0.00000 0.00000 0.03279 -0.02792 -0.16878 
58 2PY (I) 0.00000 0.00000 -0.10236 0.09638 -0.02570 
59 2PZ (I) 0.01707 -0 .00435 0.00000 0.00000 0.00000 
60 2S (0) 0.00000 0.00000 -0.39354 2.05263 -0.61656 
61 2PX (0) 0.00000 0.00000 0.20462 -0.13836 -0.77251 
62 2PY ( 0) 0.00000 0.00000 -0.41538 0.42952 -0.11442 
63 2PZ (0) 0.16054 0.01110 0.00000 0.00000 0.00000 
64 8 H lS (I) 0.00000 0.00000 0.04331 0.00470 0.00218 
65 lS (0) 0.00000 0.00000 0.79554 0.46159 0.12340 
66 9 H lS (I) 0.00000 0.00000 0.03802 0.01445 -0.01774 
67 lS (0) 0.00000 0.00000 0.73740 0.50608 -0.66113 
68 10 H lS (I) 0.00000 0.00000 0 .03193 0.03000 -0.01476 
69 lS (0) 0.00000 0.00000 0.85384 -0. 43551 -0.84416 
70 11 H lS (I) 0.00000 0.00000 0.03294 0.02297 0.02084 
71 lS (0) 0.00000 0.00000 0.67298 0.71447 0.87714 
72 12 H lS (I) 0.00000 0.00000 0.02761 0.04122 0.01046 
73 lS (0) 0.00000 0.00000 0.76332 -0.11745 0.78527 
74 13 H lS (I) 0.00000 0.00000 0.01269 -0.00922 -0.03248 
75 lS (0) 0.00000 0.00000 0.51377 -1.09957 -0.63463 
76 14 H lS (I) -0.03582 -0.04547 -0.00453 0.00237 0.01277 
77 lS (0) -0.23134 -0.12803 0.17235 -0.85555 0.75662 
78 15 H lS (I) 0.03582 0.04547 -0.00453 0.00237 0.01277 
79 lS (0) 0.23134 0. 12803 0.17235 -0.85555 0.75662 
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I!:j E El ~CI!i?O~IC SI.lIE IS 3-Ai •• 
ALPHA MOLECULAR ORSITAL COEFFICIENTS 

l z 3 4 5 
CA .. ) CA') CA•) CA .. ) CA') 

SI,ENVALUES -- -- --~ 1-1--l-~--"'-l-1. 19 2 2 9 •U.1HU -U .119U --l-l-..-U>3 9 5 
1 1 c lS -o.9aos8 0.00412 -0.03101 -0.00966 -0.00211 
2 ZS (!) -0.10063 -0.00015 -0.00039 -0.00107 -0.00101 
3 ZPX (I) o.00013 -0.00010 0.00021 -0.00064 0.00042 
~ .z ~ ¥ 0) Q.QQQ34 Q.QQ04Q -o.001oa .. a.coon -o..~0.-49 
j ZPZ Cl) 0.00000 0.00000 0.00000 0.00000 0.00000 
6 ZS CO) 0.08756 0.00772 -0.02305 0.01126 0.01415 
7 ZPX CO) -0.00531 -0.00195 -0.00845 -0.0014Z 0.00017 

-..a--- 2 Pl! (0) •O.QOUZ -0.00141 0.02309 -o. 0 0 4 6 g.__ .... 0-.-0.CH 98 
9 2 PZ CO) 0.00000 0.00000 0.00000 0.00000 0.00000 

10 z. c lS 0.00853 0.97673 -0.10021 -O.OH44 -0.01201 
11 ZS CI> 0.00159 0.09901 -0.01038 -0.00698 0.00320 
12 .2 ~ x U} -0.00001 0.00016 0.00083 o.ooco'il 0.... 0. 0.-G 9 9-
13 2PY CI> o.OOOZ7 0.0013Z 0.00045 0.00056 0.00128 
14 2PZ CI> 0.00000 0.00000 0.00000 0.00000 0.00000 
15 ZS (0) -0.00870 -0.08450 o.oz121 -0.01762 -0.03492 

--1-6-.... ZRX (0) ~0.00021----=0-.-00402 0.00031 0.006S1 -0-.-0-1.212 
17 2PY (0) -0.00531 -0.02174 0.01091 -0.01520 -0.01996 
18 2PZ CC) 0.00000 0.00000 0.00000 0.00000 0.00000 
19 3 c lS 0.00774 -0,00072 0.00261 0.01340 0.02339 
"~ ZS -U-)- 0 CC4S~ O.OOC?C -0.QOOQ? 0.00533 . .fl..--0-0.~ 
21 ZPX CI> 0.00175 0.00002 o.oooas o.00048 0.00034 
22 2PY en o. 000 62 0.00069 0.00029 -0.00195 -o.ooozs 
Z3 ZPZ (l) 0.00000 0.00000 0.00000 0.00000 0.00000 
2ir. 2S (Q) -0.0316S -0.01544 O.Ol395 -0.03559 -~1-40.-0 
25 2PX ca> -0.01907 -0.00810 0.00122 -0.00956 -0.00691 
26 2PY (0) -0.00446 0.00568 -0.00909 o.01361 0.00588 
27 2 PZ (0) 0.00000 0.00000 0.00000 0.00000 0.00000 
2 3 • c l-S.-- ·o. o 01 sz -o.o~s:zg O.OSOl.3 -o.~ao9t. - 0 • 0...0.~.41-
29 ZS CI> 0.00074 -0.01267 0.00635 -0.09883 -o.001oz 
30 ZPX en o.0001z -0.00066 0.00046 -0.00106 0.00014 
31 2PY (I) 0.00075 -0.00031 o. 0 0011 -0.00047 -0.00044 

-3.L ·ZPZ--Ll.)__ _____ Q.00000.- 0.00000 0.00000 0.00000 __ _Q __ MQ..Q o. 
33 ZS (0) 0.00534 0.03393 -0.01803 0.01991 0.01353 
34 2PX (0) 0.00631 0.01973 -0.00893 0.01566 o.00762 
35 ZPY (0) 0.00028 0.00206 -0.00465 0.01161 o.00564 
35 2 E! z (0) ___ n.o ao ao _...a.. coo co 0.00000 0.00000 .a.......o...a.a.oo 
37 5 c lS 0.03158 -0.10474 -0.93007 -0.03918 -0.01299 
38 ZS CI> 0.00572 -0.01041 -0.09927 -0.00309 0.00313 
39 ZPX en -0.00044 0.00032 0.00106 -0.00039 -0.00075 
~Q z pi__UJ_ __ -o. o oo oz_ ___ a. a 0102 o.ooot.1 -o.oool...6.--~o.-..Q_{l149 
41 2PZ CD 0.00000 0.00000 0.00000 0.00000 0.00000 
42 ZS (Q) -o. 0 2346 -0.00310 o.oa63a -0.00466 -0.03574 
43 2PX (0) 0.01372 0.00613 -0.01993 0.00433 0.01395 
~~ 2ei Cu) -:.!l...Jl...0.22.5__ a.._a a 2 J 5 -0.0lU.6 C.00268 0--!11815 
45 ZPZ (0) 0.00000 0.00000 0.00000 0.00000 0.00000 
46 6 c lS 0.00151 -0.01099 0.01516 0.00531 -0.93664 
47 ZS (I) -0.00016 -0.00511 0.00646 o.oooa6 -0.03901 
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48 2?X u~ Q.QQQQ4 Q.QQ1H Q • QQIHti Q.QUQ9 (hQQ1Q6 
49 2PY (I) 0.00059 0.00045 0.00176 -0.00021 -0.00011 
so 2PZ CI> 0 •. 00000 0.00000 0.00000 0.00000 0.00000 
51 2S (0) 0.00843 0.03387 -0.04130 0.00696 0.09329 
52 2~(0) .. g.QOi91 -0.02~04 o.ouu o.go~H o. 020U 
53 2PY (0) 0.00256 o.oaoss -0.02068 0.00423 0.01358 
5~ 2PZ (0) 0.00000 0.00000 0.00000 0.00000 0.00000 
55 7 c lS 0.00505 -0.00022 0.00474 O.O.J401 0.02775 
H 2S 0} Q. Q Q216 O.QQQH Q.QQ1'tlt Q.QQ118 Q.QQ3§6 
57 2PX Cl) -0.00045 0.00000 0.00016 -O.OOOI3 0.00022 
58 2PY CI) -0.00058 -0.00016 -0.00008 -0.00026 -0.00036 
59 2PZ CI) 0.00000 0.00000 0.00000 0.00000 0.00000 

- (HJ----- ---2-£--- -fi}} --G-.. O 13 QO Q.-00310 G .g 991:6 Q.0913~ g • 0 Q 1--3-5-
61 Z PX (0) 0.00401 0.00001 0.00221 0.00095 -0.00175 
62 2PY (0) 0.00899 -0.00121 0.00441 0.00119 0.00087 
63 ZPZ (0) 0.00000 0.00000 0.00000 0.00000 0.00000 
6'1 8 "' 15 ~H Q.QQQ12 Q.QQ262 Q.QQQ1S Q.QilQH Q.QQQQ4 
65 IS (0) -0.00136 0.00634 o.ooos6 -o.e>os2s -0.00548 
66 9 H lS CI> 0.00048 0.00032 -0.00032 0.00268 0.00055 
67 lS (0) o. 0 00 94 0.00379 -0.00214 -0.00721 0.00155 
ill ::io M is 0) 0.000$8 -0.00045 0.000,9 0.00014 -o.ooon 
69 lS (0) -0.00260 -0.00173 0.0022.6 -0.00444 -0.00216 
70 11 H lS (I) 0.00041 0.,00002 -0.00004 0.00045 0.00233 
71 .is (0) 0.00099 0.00459 -0.00572 0.00048 -0.00616 
+2 1.2 M 1S '*' Q.QQQi~ -Q.QQQi4 Q.QQ.2+8 •Q.QQQCi -o. g QQ0.3-
73 IS (0) -O.OOI88 -0.00207 -9.00616 -0.00211 -0.00510 
74 13 H lS CI) o.oooas -0.00003 o.oooso 0.00038 -0.00011 
75 lS (0) 0.00127 -0~00016 0.00024 -0.00022 -0.00053 
l6 14 .,. lS 0:) 0 001'16 •O.OOOO!J o.oooao g.oaoos a. ooa zg_ 
77 lS CO) -0.002.51 -0.00009 -0.00032 -0.00013 0.00059 
73 15 H lS CI) 0.00106 -0.00009 o.00030 o.ooooa 0.00029 
79 lS CD) -0.00251 -0.00009 -0.00032 -0.00013 0.00059 

CA•) CA .. ) (A .. ) CA•) CA"') 
EIGENVALUES -- -11.16146 -11.16068 -1.14642 -1.04889 -1.01671 

1 1 c .1s 0.00380 -0.00790 0.11371 0.12280 0.00251 
2S c Il -0.00073 o.oon2 -0.12115 -0.1Z6ZZ ~a--0-11194 

3 2 PX (!) -0.00011 -0.00146 0.01429 0.01343 0.09116 
4 2. p y CI) -0.00105 -0.00152 0.03515 -0.04655 0.00505 
5 2PZ (I) 0.00000 0.00000 0.00000 o.~oooo 0.00000 
!I z. s (0) a.01zi::a -0.03651 -0.2St.U. -0. 3l928 -=0 .. -028a3 
1 2PX (0) o.oozi.2 0.01682 o.oo5ao 0.00549 0.01600 
8 2PY CO) 0.02116 0.02179 -0.00915 o.002a5 0.02288 
9 2PZ (0) 0.00000 0.00000 0.00000 0.00000 0.00000 

_JJLL~"~----·- 0.00092 - -0.00310 0.08932 -0-1221-9. ·--~.a .. .Q..0124 
11 ZS (I) -0.00021 -0.00080 -O.OH53 0.12797 0.00046 
12 ZPX (I) -0.00015 -0.00062 -0.01512 0.02431 0.0:3771 
13 2PY (I) -0.00010 0.00058 -0.04544 0.02669 -0.00136 
H 2 ez (I) o.o:lOoo 0.00000 o.oaoao 0 00000 __Q_._!lfl..Q_Q Q_ 
15 ZS (0) O.OOI97 0.01235 -0.19886 o.31688 0.02479 
16 2PX CO) 0.;00113 0.00106 -0.00680 o.012oa 0.00936 
17 2PY (0) 0.00053 0.00909 -0.01643 o.01s10 0.01895 

_ll_ _z~_uu_ ---- D.QOQQO 0.00000 0.00000 --~o..a.a.. _. ·-·- o ~ o..o a 
19 3 c lS -0.14233 -0.97661 0.032d6 0.03401 0.10882 
20 25 (I) -0.01496 -0.09818 -0.10522 -0.0373!> -0.11966 
21 2PX CI} -0.00041 -0.00095 -0.05010 -0.04551 0.00815 
22 22Y (I) -o.oaau o.aaoH 0.02188 -0.06893 _ _a_ .. 0.6.2-.85 
23 2PZ CI) 0.00000 0.00000 0.00000 o.oooco 0.00000 
24 ZS (0) 0.01473 0.09652 -0.14731 -0.06148 -0.19287 
25 ZPX (0) 0.00503 0.02234 -0.00473 0.00738 0.01076 
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2 !i 2 2¥ CO) -0.002!i2 -0.0125151 0.01061 Q,0055151 -0.00935 
27 2PZ (0) 0.00000 0.00000 0.00000. o.~oooo 0.00000 
28 4 c 15 0.00179 -0.01268 0.08998 -0.116546 0.13111 
29 ZS (I) 0.00013 0.00322 -0.09932 0.06786 -0.13485 

_3-Q_ 22X UJ__._,,.Q.Jl.0012 a.aoagz -0.03664 0.030?2 a 00900.. 
31 2PY CI) -0.00014 0.00130 -0.03226 -0.03257 -0.06135 
32 2Pl (I) 0.00000 0.00000 0.00000 0.00000 0.00000 
33 ZS (0) -0.00388 -0.03528 -0.18572 o.1!1592 -0.36919 
H 2?X _LJl)_ ____ -Q...Q 00 30 -0.0150ii. -0.00Sll 0.00189 -0.02069 
35 ZPY (0) -o •. o 0146 -0.01845 -0.00492 0.00756 -0.02562 
36 ZPZ (0) 0.00000 0.00000 0.00000 0.00000 0.00000 
37 5 c lS 0.00437 -0.00409 0.09890 0.01432 -0.12777 

-38 2S (I) _____ .,..0.00024 -0.00064 -0.10?4"5 -0.014i~ o.13131-
39 2PX (I) 0.00011 -0.00073 0.04033 0.02110 0.01110 
40 2 PY (I) -0.00073 0.000it4 0.02430 -0.07081 -0.05733 
41 2PZ (I) o.ooooc 0.00000 0.00000 0.00000 0.00000 

.--4-4. ZS CO) 0 00158 0.010~4 -o .4.254 a ,. 0 OJlU1 O.HOli 
43 2PX (0) -0.00412 -0.00120 0.01536 -0.00858 -0.01822 
44 ZPY (0) 0.00218 -0.00724 0.02008 0.00139 -0.02517 
45 ~ 2PZ (0) 0.00000 0.00000 0.00000 0.00000 0.00000 
46 6 c lS 0.023U -o 0265; o. ou·20 -o G?&U -0.10402-
47 ZS (I) 0.00177 -0.00143 -0.09907 0.08538 o.11438 
48 ZPX (!) 0.00004 -0.00025 0.04317 -0.05488 0.00955 
it~ 2PY (I) -0.00032 0.00019 -0.03181 -0.03003 0.06127 
so .2?. o;~ a.coon Q.QOQQQ Q.QQQQQ Q.QQQQQ Q.OQQQQ 
51 2S (0) -0.00041 -0.01259 -0.11744 0.14900 0.18733 
52 ZPX (0) 0.00103 0.00693 -0.00329 o.ooso4 0.00874 
53 2PY (0) o.oozss -0.00594 0.00131 0.01086 -0.00956 

----5.4- z~z (0) 0 00000 0.00000 0.00000 0 00000 0.00000 
55 7 c lS 0.97698 -0.14144 0.04583 0.11407 -0.00754 
56 ZS en 0-.10115 -0.01361 -0.04872 -0.11028 0.00753 
57 2PX (I) 0.00018 -o.oooz2 0.00399 0.00642 o.01216 
sa 22\'. CI) o.ooooa -0.00001 0 0Jll3 o.ot.JJ9 -0.002?3 
59 ZPZ (I) 0.00000 0.00000 0.00000 0.00000 0.00000 
60 ZS (0) -0.08606 0.00267 -0.08421 -0.29637 0.01503 
61 2PX (0) 0.00026 -0.00151 -0.00558 -0.1)0378 0.00431 
62 2U (0) o.onu 0.00:3?2 ... o.01ou Q 00?66 0.00163 
63 2PZ (0) 0.00000 0.00000 0.00000 0.00000 o.o~ooo 
64 8 H lS (I) -0.00010 0.00063 -0.03215 0.05159 -0.00111 
65 1 s (0) 0.00019 0.00150 0.00560 o.00410 0.00399 
6 !i 9 l:l ls CI) --0.00005 -0.00010 -0.03201 0.03140 ... o.06HS 
67 lS (0) 0.00035 -0.00580 0.00846 0.00218 -0.01322 
68 10 H lS Cl) o.oooss o.oozzg -0.03549 -0.02105 -0.05727 
69 lS (0) -0.00067 -0.00572 0.00148 -0.00668 -0.00581 
IO 11 ti. 1 s Cil -o OOOlZ -0.00021 -0.03163 Q.03696 o.OS-5-ll 
71 lS (0) 0.00078 -0.00281 o.008Z5. o.003a1 0.00632 
72 12 H lS (I) -0.00006 0.00074 -0.03704 -0.01302 0.06729 
73 lS (0) 0.00132 0.00211 0.00292 -0.00316 0.01330 
1~ l 3 l:l lS CI) 0.00025 o.oooos -0.020..a -0.05596 -=-0-.00091 
75 lS (0) 0 •. 01419 -o.oozz9 0.00144 . -0.00341 -0.00338 
76 14 H lS (I) 0.00046 0.00035 -0.02031 -0.05576 0.00689 
77 15 (0) O.Ollt34 -0.00188 0.00554 0.00263 0.00249 
IB ls ti 1 s ( Il a 00046 0.00035 -0.02031 -0.055l6 0.00689 
79 lS (0) 0.01434 -0.00188 0.00554 C.00263 0.00249 

11 lZ 13 14 15 
(A') (A .. ) (A .. ) (A") (A .. ) 

i=IGEN~AI llES -- ____ --a... 9 3 1 3 2 -O.St.091 -O.I893/t -0.69388 -0.6ft2il 
1 l c lS 0.02029 0.08161 0.07556 0.00736 0.07729 
2 ·zs CI> -0.02055 -0.08085 -0.07185 -0.00432 -0.07438 
3 2PX (I) 0.01705 0.13895 -0.10824 0.01564 -0.00696 
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i12¥ (;} C.lJU.l C.C4eiQ!Ji C.C.iCH Q.Q8867------0....47-9--5-1' 
5 2PZ (I) 0.00000 0.00000 0.00000 0.00000 0.00000 
6 2S (0) -0.06913 -0.29189 -0.27720 -0.03794 -o. 29718 
1 2.PX (0) 0.01287 0.06354 -0.05751 o.01638 -0.02370 

---a- 2 Pl (Q:) Q.01840 o.onn g.Q2Q'i§ -o.058H -0.0982~ 
9 2PZ (0) 0.00000 0.00000 0.00000 0.00000 0.00000 

10 2 c lS -0.11072 0.05702 0.06539 o.02575 -0.05327 
11 2S (I) 0.11153 -0.05668 -0.06223 -0.02119 0.05442 

---1-Z ·--· .2?~ ,.~ O.CHH •C.UH~ c.u:a~ C.C,Hli4 -C.CQ~95 
13 2PY (I) -0.02186 0.02800 0.04696 0.21645 -0.03552 
14 2PZ (!) 0.00000 0.00000 0.00000 0.00000 0.00000 
15 ZS CO) 0.34090 -0.20694 -0.24304 -0.12021 0.18887 
~---- 2.PX (;IJ) Q.01016 -Q.04486 O. 0 S18Q Q.OHH -o .Q 12-1-4 
17 2. p y (0) o.009ao -0.00343 0.00844 0.15177 -0.05949 
18 2PZ (0) 0.00000 0.00000 0.00000 0.00000 0.00000 
B 3 c lS 0.06852 0.05433 -0.08019 0.02961 -0.06361 

~----- is --{-I-} -- - •Q.QHU •Q.Q!Jiho Q.OiU49 •Q.OiH9 c.on~s 
21 2PX (I) -0.02010 -0.10071 -0.09359 0.11602 -0.08509 
22 2PY (I) 0.01854 -0.14075 -0.00866 -0.12218 -0.01727 
23 2PZ (I) 0.00000 0.00000 0.00000 0.00000 0.00000 

--U. .2 s (Q:) -0.15310 -0.15205 0.24~55 -0.10415 0.19537 
25 2PX (0) -0.00480 -0.03096 -0.02814 0.07760 -0.09248 
26 2.PY (0) 0.01369 -0.1)2119 -0.00013 -0.06772 0.02657 
27 ·zn (0) 0.00000 0.00000 0.00000 0.00000 0.00000 
is ... ' ·~ Q.Q069.2. ·sQ.U.ai4 Q. CUJ1 •O.QB8i Q. 0 >0-2-3 
29 ZS (I) -0.00605 0.11316 -0.00869 0.01717 -0.04825 
30 ZPX (I) 0.03018 -0.07146 -0.05756 0.12.447 0.14816 
31 2PY CI> -0.08340 -0.01587 0.13357 0.06766 0.12829 

-ll- 2~Z (I;) 0.00000 0.00000 0.00000 c.00000 0 00000 
33 2S (G) -0.03401 0.40866 -0.03259 0.03151 -o .1n11 
34 2 PX (0) -0.00941 -0.01549 -0.02951 o.08527 0.13893 
35 .2 p y (0) -o.o.zsa1 0.00440 0.05714 0.0422.4 0.11164 
~- 2PZ~) o.aaooa 0.00000 0 .. 00000 o.ocooo o.oo.o..oc 

31 5 c lS 0.08886 -0.08392 0.03311 0.02469 -0.05014 
38 2S (l) -0.08948 0.08202 --0.03098 -0.02025 0.04958 
39 ·2px (I) o .• 00338 0.07784 0.06164 -0.15881 0.09256 
•O 22? (I) 0.01286 -0.00089 -0.16554 -0.1022? O.OU49 
41 2PZ CI) 0.00000 0.00000 0.00000 0.00000 0.00000 
42 25 CO) -0.26551 0.2.9890 -0.11580 -0.11042 0.19090 
43 2PX (0) 0.01193 0.02200 o. o .319 6~ -0.11566 0.09058 

---'-4-... .JU..-C-0..). o.ooa1s -o 00452 -C.063£1~ -0.069lB 0.06651 
45 2PZ (0) 0.00000 0.00000 0.00000 0.00000 0.00000 
46 6 c lS -0.01491 0.026.33 -0.10953 -0.01509 0.05992 
47 ZS (I) 0.01717 -0.02708 0.11202 0.01963 -0.06248 
i8 ax (I) -0.06282 D Dll 58 O.O:Z691 -0.12920 -0.119..!l.1 
49 2PY (I) -0.10170 0.10686 -0.00424 O.CS900 0.06522 
50 2PZ (l) 0.00000 0.00000 0.00000 0.00000 0.00000 
51 ZS (0) 0.022.90 -0.07588 0.34170 Q.02857 -0.19123 
52 z ex (0) -o. 00048 0.02300 0.02006 -C.Ol'.381 -0.10U-4. 
53 ZPY (0) -0.02067 0.02245 0.00443 0.04928 o.0!>943 
54 2PZ (0) 0.00000 0.00000 0.00000 0.00000 0.00000 
55 7 c lS -0.14670 -0.06066 -0.04olt91 -0.02120 -0.01195 
56 ZS (Il o. l 36 ls 0 OSSl• Q 03993 0 Oll06 0.00686 
57 ZPX (I) 0.00220 0.03783 ~-o. o 2 5 69 o.02140 o.02169 
58 ZPY (I) 0.0182.6 0.05491 0.07885 0.01101 0 .144 2 5 
53 2PZ (I) 0.00000 0.00000 0.00000 0.00000 0.00000 
60 ZS (0) 0 ~szzs 0 2U95 o.1:iao9 0 09119 0.09531 
61 2PX (0) -0.00019 0.01966 -0.01527 0.01012 0.01534 
62 2PY (0) -0.00300 0.01148 0.03169 0.04190 0.06670 
63 2PZ (0) 0.0000-0 0.00000 0 •. 00000 0.00000 0.00000 
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6 It s ;; 15 CI) 0.07639 1:1. a it7G l o.a7628 a.HQ97 0.06980 
65 lS CC) 0.02321 -0.02056 -0.03793 -0.08255 O. 0 Zill 
66 9 H lS en 0.00010 0.11126 -0.01255 -0.06560 -0.15832 
67 lS (0) -0~00437 0.04661 -0.00756 -0.04388 -0.08878 
68 10 H lS (0 a.~1 0 .a 39H 0.19316 9.12522 G.1905 
6~ 15 (0) -0.00756 -0.01831 0.06116 -0.08478 0.06080 
70 11 H lS (!) 0.01245 -0.02005 0.12384 -0.07880 -0.14800 
71 lS ( iJ) 0.00134 -0.01100 O.Oo977 -0.06018 -0.09511 

-+..l----l-l---#-----1-£-- {-;.-~ - - ---O-.o4n .. - - o.o89oS OwOH97 Gwll31l 0.10752-
73 lS (0) -0.01187 0.03941 -0.01670 -0.07022 0.05564 
74 13 H lS CI) 0.08930 0.03533 0.06450 0.02166 0.04289 
75 lS .( 0) 0.01536 0.00744 0.03555 0.00808 0.04025 

- 1-6-- 1-4-- -H- -1-S-- H } o.&&9~~~-~5829 e.e3sH e. 03472--9-. IH407 
77 15 ( iJ) Q.01670 0.02545 0.01598 0.02079 0.03986 
1a 15 H lS (I) 0.09995 0.05829 0.03524 o.03472 0.04407 
7; lS (Q) 0.01670 0.02545 0.01598 0.02079 0.039R6 

-----··-·----------- lo l7 18 19 - -2-G- -- -
CA"') CA•) (A"') CA•) CA"') 

.:IGENVALUES -- -0.62535 -0.59551 -0.59171 -0.55956 -0.53467 
1 1 c lS -0.00890 0.00000 0.00342 0.00055 -0.00239 

2S (I) ~~1-- 0.00000 Q.99698 0.00028 <h-G-9-2 77 
3 2 ?X CI) 0 .1B03 0.00000 o.11249 0.02446 0.06274 
't 2PY CI) 0.01610 0.00000 0.08954 -0.20129 -0.09424 
;) 2PZ (I) 0.00000 -0.2.1747 0.00000 o.ooo~o o.oaooo 
6 .2 5 (0) Q.Q38S8 Q.QQQQQ GaQG4Sl 0.02559 ~ ... -G-1-4--9-2. 
7 ZPX (0) 0.15493 0.00000 o.08587 O.OZ4ZO 0.06514 
8 ZPY (0) 0.01586 0.00000 0.07169 -0.16805 -0.08528 
7 2PZ (0) 0.00000 -0.18657 0.00000 0.00000 o-. 0 0 0 00 

10 2 c :a. s 0.00~4~ 0.00000 ,..o.oun o.ou22 -0-.-~-8-l~ 
11 ZS CI) -0.00146 0.00000 0.01491 -0.01733 -0.0Q422 
12 2PX (I) 0.13931 0.00000 0.11970 -0.02349 0.16266 
13 2PY (I) 0.00726 0.00000 0.03640 -0.24277 -0.08149 
1 r. 2'1Z CI.).:._ 0.00000 --0. 0 6 0 .. 2 0.00000 0.00000 0.00004 
15 ZS (0) -O.OZ471 0.00000 Q.0338S -0.03473 -0.02862 
16 ZPX CO) 0.11862 0.00000 0.07154 -0.01570 0.11599 
17 2PY (0) 0.00803 0.00000 O.OB4S -0.22547 -0.07998 
l 8 2 2Z CO) 0.00000 -0.05521 0.00000 0.00000 -0......0..0..0. 0. Q. 
B 3 c lS -0.01256 0.00000 0.01249 -0.01557 0.01436 
20 25 (I) 0.01142 0.00000 -0.01111 0.01613 -0.01465 
21 2PX (I) -0.0~161 0.00000 -0.22034 0.02653 0.02354 
22 2 P}'. CD _ . -o • i 13 u. __ 0.00000 o.12aa5 o o o ~ e1 -O.llS.2.2. 
23 2PZ (I) 0.00000 -0.07783 0.00000 0.00000 0.00000 
Z4 ZS (0) 0.05848 0.00000 0.01363 0.04649. -0.05806 
25 2PX (0) -0.03490 0.00000 -0.15275 0.01413· 0.05248 
26 llY (0) - ~ J4..0.9.3.A2 0.00000 o.ogg10 0....01~80 =0---D..il.7 z. 
27 2PZ (0) 0.00000 -0.05962 0.00000 0.00000 0.00000 
23 4 c lS -0.00111 0.00000 o.01753 0.02221 -0.00134 
29 2S (I> 0.00672 0.00000 -0.01913 -0.02242 0.00411 
30 2 p.x.._ ilL ___ :- a. o 41 79 a.00000 -0.1H83 -0-..13593 -=0......1A4 79 
31 2PY (I) 0.20467 0.00000 -0.09482 0.00443 0.10511 
32 Z?Z Cl) 0.00000 -0.071Z7 0.00000 0.00000 0.00000 
33 ZS (0) -0.01111 0.00000 -0.04664 -0.05586 0.02578 

--3..i _-2.n_ (0) -0.02958 _Q ..... 0..0000 -0.12839 -..D........10011 -..a. .. 1..3.1. a 1. 
33 2.PY (0) 0.12111 0.00000 -0.0!>715 0.00513 0.07159 
H 2PZ (0) 0.00000 -0.06195 0.00000 o.oaooo 0.00000 
37 5 c lS 0.02006 0.00000 -0.01648 -C.01523 -0.02203 

_.3...3.__ __ -2..S.._ ... C. .. 1 .. L _____ -o. a 23 z s o.ooooa 0.01810 0.0]80{!, D-.llfila 
39 2PX (I) -0.047.35 0.00000 -0.12289 -0.19835 -0.06066 
40 ZPY (I) 0.20397 0.00000 -0.05731 -0.11096 0.11293 
41 ZPZ (I) 0.00000 -0.11679 0.00000 0.00000 o.oaooo 
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t.2 2 s 'o~ -O.Cl4=-0 c.occoo C.C39iS O.OlS4g 0 Ol49l. 
43 2PX (0) -0.02403 0.00000 -0.09980 -0.17420 -0.03491 
44 ZPY CO) o.11494 0.00000 -0.04831 -o.oasoz 0.08860 
45 ZPZ CO) 0.00000 -0.10652 0.00000 0.00000 0.00000 

-44-0.... c lS ----- ..-.0...0.09 59 0 00000 -o.ouu 0 002:24 0 0 0 8 0-1-. 
41 Z·S (I) 0.00924 0.00000 0.01540 -0.00320 -0.00933 
4a 2PX (I) -0.05734 0.00000 -0.21930 0.072!:5 -0.03157 
4., 2PY (I) -O.Z1115 0.00000 0.09144 0.10077 -0.08931 
so .z p z o:.~ 0 00000 -o OHH 0.00000 0.00000 0.00000 
51 ZS (0) 0.03639 0.00000 -0.00551 0.00495 -0.01971 
52 2PX (0) -0.02.062 0.00000 -0.15811 0.03811 -0.06554 
53 2PY (0) -0.12418 0.00000 0.07165 0.06777 -0.03960 

-$-4 ---- . ----U-l..-~) ---. --- 0. 0 0 0 0 0 •O.OH~9 0.00000 0.00000 ---0-.~00 
55 7 c 15 0.00416 0.00000 0.00406 -IJ.00057 0.00024 
56 2.S (I) -0.00387 0.00000 -0.00173 -0.00350 -0.00117 
57 2PX (I) O.li005 0.00000 -0.00411 0.14151 -O.Z737l 

--S-.i. ~Pl CD •O.Ca.Z4~ 0.00000 -0.01H8 O.l41i8 O.lOHil 
5 <j ZP1 CI) 0.00000 -0.30048 0.00000 0.00000 0.00000 
60 2.S CO) -0. 0 2941 0.00000 -0.03378 0.03905 0.01856 
61 2PX CO) 0.12203 0.00000 -0.01129 0.11091 -0.25617 

-U- 2 PL-.(..0.)__ __ __,,,o. 0 38 OS 0.00000 -0.04662 0.09629 - _Q. 0sz15 
63 Z?Z CO) 0.00000 -O.Z3879 0.00000 0.00000 0.00000 
64 8 H lS CI) -0.02019 0.00000 -0.04936 0.14956 0.03870 
65 lS (::J) . -O.Ol371 0.00000 -0.03600 0.11042 O.OZ839 
66 ~ i,j 1S en -0.0J.Z+.5 0 QQOOQ Q.On.B o.:;issn Q.QS94.9-
67 15 CO) -0.02629 0.00000 0.06623 0.05246 0.04191 
68 10 H 15 CI> -0.00506 0.00000 0.16451 0.00214 -0.07450 
69 15 (0) -0.00610 0.00000 0.13662 -0.00427 -0.05185 
10 11 __ _Ji_ ls Cil 0.05610 0.00000 -0.15055 0 00031 -0.02392 
71 lS (0) O.O<t.21Z 0.00000 -0.12362 C.00288 -0.01495 
72 lZ H 15 CI> O.Ol54b 0.00000 -0.07029 -o .13649 0.01575 
73 lS (Q) 0.01773 0.00000 -0.05319 -o.1ozzo 0.00256 
1 ft ] 3 = 1 s c.o· -0.1.zt.az 0.00000 -0.02.02.4 -0.04150 0 21663 
75 lS (0) -0.102 71 0.00000 -0.01403 -0.03599 0.19656 
76 14 H 15 CI) 0.04435 -0.17176 -0.02089 0.08361 -0.08511 
77 lS CO) 0.03715 -0.14863 -0.01877 0.07752 -0.07648 

--18 15 I:! ·1 s .(..I..}_ __ 0. 0 •4 3 s 0.1I1Z6 -0.02089 0.08361 -o.oe5U.-
79 lS (0) 0.03715 0.14863 -0.01877 0.07752 -0.07648 

21 22 23 24 25 
CA") CA .. ) (A•) (A") CA") 

=IGEN¥AL!lcS -- -O.S22S4 -o 50142 -0.4Ul8 -o 420.ZS -0.3S3S9-
1 1 c 15 0.00000 -0.00386 -0.00319 0.00000 0.00000 z ZS CI) 0.00000 0.00065 0.00872 0.00000 0.00000 
3 2PX CI) 0.00000 0.14662 -0.19483 0.00000 0.011000 

___L_ __ z~x (I) 0.00000 0.20022 0.1234.5 0--0.0000 --0 ..O.Jl.0..0 .0 
5 2PZ (I> 0.08477 0.00000 0.00000 -o.1a323 -0.24727 
6 ZS CJ) o.oooco 0.01603 0.00409 0.00000 O.OJOOO 
7 2PX (0) 0.00000 0.13569 -0.17281 0.00000 0.00000 
a zei (0) a 00000 O • .Z3IO? 0.1Uo3 0 0 00 :l 0 0.000.ll-0. 
9 2PZ ( 0) 0.09153 0.00000 0.00000 -0.20373 -0.30081 

10 2 c 15 0.00000 0.00266 0.00047 0.00000 0.00000 
11 ZS (I) 0.00000 -o.oosoz 0.00522 0.00000 0.00000 
l 2 zu c I) 0.00000 -0.llJSS o.uo5a o.aoooo -~00000 
13 ZPY (I) 0.00000 -0.13112 -0.09170 o.ococc 0.00000 
1 .. ZPZ Cl) 0.24280 0.00000 0.00000 0.13184 0.25070 
15 ZS CO) 0.00000 -0.00076 -0.01671 0.00000 0.00000 
] 6 zex (.0) 0.00000 -o.oat.zo O.l2.9B6 0.00000 0.00000 
17 2PY ( 0.) 0.00000 -0.15306 -0.12274 0.00000 0.00000 
18 ·ZPZ (0) 0.2388Z 0.00000 1 0.00000 0.20156 0.30838 
19 3 c lS 0.00000 0.00649 -0.01115 0.00000 0.00000 



123 

2Q 2S {I} Q.QQQQQ Q.00778 Q.Q1Q93 Q.QQOQQ Q.QQQOQ 
21 2PX CI> 0.00000 -0.13453 0.14546 0.00100 0.00000 
22 2PY CI> 0.00000 -0.19401 -o.oaZ64 o.ooeoo 0.00000 
23 ZPZ CI) 0.09818 0.00000 0.00000 0.02145 -0.19064 
24 ZS (0}-- Q,QQQQQ O.QMQ1 Q.0~92& 9.00909 O.QOOOO 
25 2PX (~) O.OOOJO -0.06915 0.17965 0.00000 0.00000 
26 2PY (0) 0.00000 -0.12377 -0.14220 0.00000 0.00000 
27 2PZ CO) o.oaOSl ·0.00000 0.00000 0.02646 -0.19078 
2 i 4 C 1--S------- --- Q. Q Q Q Q Q - Q • Q Q i .H Q • Q Q H 2 Q • Q Q Q Q Q Q • Q Q Q Q Q 
29 2S CI) 0.00000 0.01174 0.005Z4 0.00000 0.00000 
30 2PX CI) 0.00000 0.10438 -0.14917 0.00000 0.00000 
31 ZPY CI) 0.00000 0.18277 0.12315 0.00000 0.00000 
-~- -- ---2;0.l--{ I }- Q...--2-Ub8---\0t-..nOHOH01-1;0HiO~--\lo~.-vo~o-4:1-Q-\f9-vQ---Y-0 ...... ~z S!t-!9~3~11:-----10r..rllh1f-"4~3!-!!--8 

33 2S CJ) 0.00000 0.01162 -0.03750 C.00000 0.00000 
34 2PX CO> 0.00000 0.13317 -0.16313 0.00000 0.00000 
35 2PY CC) 0.00000 0.15622 0.05950 0.00000 0.00000 

-3+------1112rl'?'--'I~(~0-+)----\;l-Q ..,. 2$-2c..3.r7~Q.r-----\Qh.n0H0Ho0Ho0H.0~--\lQi-..-\iQ~Q~Q~Q-1;rQ---\;l-Q ~· 2.i:-9~QOh&!t-4&~-- ---0-..-2-1-8-9-~ 
37 5 C lS 0.00000 -0.00518 0.00697 0.00000 0.00000 
38 zs CI> 0.00000 0.00685 -0.00076 0.00000 0.00000 
39 2PX (I) 0.00000 -0.08474 0.17605 0.00000 0.00000 
-4-0--------~ CO 0.00000 -0.14584 -0.17219 0.€>0000 O.OIJ~~ 

41 2PZ CI) 0.16812 0.00000 0.00000 -0.31872 0.12723 
42 25 CO) 0.00000 0.02055 -0.03099 0.00000 0.00000 
43 2PX Cu) 0.00000 -0.12552 o.17928 0.00000 0.00000 
4• 2PT Cw} O.OOQQQ -O.ij7~4 Q.Q93Jl Q.QQQQQ Q.QQQQQ 
45 ZPZ (0) 0.16468 0.00000 0.00000 -0.36012 0.16494 
46 6 C lS 0.00000 0.00028 -0.00965 0.00000 0.00000 
47 ZS (I) 0.00000 0.00084 0.00977 0.00000 0.00000 

_4.Ji_ 2PX (I) -0.00000 0.10296 -0.11920 0 00000 0.00000 
49 2PY CI) 0.00000 0.14990 0.11040 C.00000 0.00000 
50 2PZ CI) 0.12909 0.00000 0.00000 -0.05352 0.17065 
51 2S (u) 0.00000 -0.01999 0.029d0 0.00000 0.00000 
sz zex~> 0.00000 o.ou.B -o.1uo2 0.00000 o.oooo-0-
s3 2PY CO) 0.00000 0.08351- 0.13354 0.00000 0.00000 
54 2PZ CO) 0.10928 0.00000 0.00000 -0.05142 0.16800 
55 7 C ·1s 0.00000 -0.01607 -0.01204 0.00000 0.00000 
56 ZS CI) 0.00000 0.01942 0.01316 0.00000 0.00000 
57 2Px CI> 0.00000 -0.09935 o.05s22 0.00000 0.00000 
58 2PY CI) o.ocooo -0.18559 -0.11253 0.00000 0.00000 
59 2PZ CI) -0.17771 0.00000 0.00000 O.OJ368 0.07491 
60 zs co> 0.00000 o 00102 a.01zeo o 00000 o.oococ 
61 ZPX CO) 0.00000 -0.09535 0.07582 0.00000 0.00000 
62 ZPY co> 0.00000 -0.11301 -0.01634 o.oooao 0.00000 
63 ZPZ CO) -0.16068 0.00000 0.00000 0.09510 0.06759 
64 s H 15 <Il a.00000 0.10296 a.06333 a.aaaoo .0.00000. 
65 lS CO) 0.00000 0.07629 0.046Z9 0.00000 0.00000 
66 9 H lS CI) 0.00000 -0.12271 0.06273 0.00000 0.00000 
67 15 (0) 0.00000 -0.09475 0.04457 0.00000 0.00000 
6a 10 H is CD 0.000.00 o.ooou~ -0.13915 0.00000 .. a....ao.a..o.o.. 
69 lS (0) 0.00000 0.00763 -0.12314 0.00000 0.00000 
70 11 H lS CI) 0.00000 0.00135 -0.14642 0.00000 0.00000 
11 1s co> 0.00000 -0.00059 -o.1zaoo 0.00000 0.00000 
12 12 H 15 CI> 0.00000 -0.10386 o.06602 o.onooo o.oo.Q.Q.O.. 
73 15 Cu) 0.00000 -0.07658 0.05249 0.00000 0.00000 
74 13 H 15 CI) 0.00000 0.016d6 -O.Odl56 0.00000 0.00000 
75 15 CC) 0.00000 0.00435 -0.03816 0.00000 0.00000 

~Z~o--14~-~H~~'-S--~C-I~>-~--O---l-1-~~2-8~=--0-·-0~6-SS~7--_.o_._a~1~z~1~2~_..o_.~o-1~0~6-l---0-·-0~6~7-03~ 
77 lS CO) -0.11127 -0.08110 0.00691 0.07771 0.09733 
78 15 H lS CI) 0.11428 -0.06857 0.01272 -0.07061 -0.06703 
79 lS CO> 0.11127 -0.08110 0.00691 -0.07771 -0.09733 
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2e 27 28 29 --~----
CA•) CA•) ca·> CA•) o·> 

EIGENVALUES -- -0.22300 0.19084 0.26471 0.2907.2 0.29757 
1 1 c lS 0.00000 0.00000 -0.02345 0.00000 0.00752 

--2- 2S ~- g.ggggg g.ggggg g.QQ862 g.ggggg -0.006§2 
3 2PX C:D 0.00000 0.00000 -0.01719 0.00000 -0.00595 
4 2 PY (l) 0.00000 0.00000 o.03396 0.00000 -0.00401 
5 2PZ (I) -0.28939 0.12744 0.00000 0.17285 0.00000 

--4 2a (;\);) ---- C.QQQQQ Q.QQQQQ Q.iU82 Q.QQQQQ -O-rl.-9-3-61 
7 2PX (0) 0.00000 0.00000 0.02474 0.00000 -0.03103 
8 2PY CO) 0.00000 0.00000 0.03224 0.00000 -0.34879 
9 2PZ (0) -0.43834 0 • .29801 0.00000 0.33346 0.00000 

- !-.Q. .. -2-- - c lS . - -- ------ ----O ... -O-O.Q..Q.0-------0..--0 Q g g 0 -Q.QH18 g. g g 0 gg ----0-....0~87 
11 ZS (I) 0.00000 0.00000 0.02557 0.00000 C.00896 
12 2 PX (I) 0.00000 0.00000 -0.00291 0.00000 -0.01352 u- ZPY CI) 0.00000 0.00000 -0.08878 0.00000 0.08283 
l 4 2 pl: CD -c.u.221 o.121u g.-ggggg -Q.118~0 O.QQQQQ 
15 2S CO) 0.00000 0.00000 o.55135 0.00000 -0.37998 
1 !> 2PX CO) 0.00000 0.00000 -0.03581 0.00000 -0.06621 
17 2PY CO) 0.00000 0.00000 -0.39276 0.00000 0.18317 

--1.8- -- 221 c 0 )-------0-4-l 0 s s 0.29'.lil o.aoooo -0.44??1 0.00000 
li 3 c lS 0.00000 0.00000 -0.03986 0.00000 -0.02107 
20 ZS CI) 0.00000 0.00000 0.02459 0.00000 0.02196 
21 2PX (I) 0.00000 0.00000 -0.07828 0.00000 -0.02246 

----2-Z- ~P¥ c;I) O.QOQQQ Q.OQQOQ Q.OHH1 Q.OQOQQ O.QB.Z-1-
23 2PZ (I) -0.01363 -0.25864 0.00000 -0.23852 0.00000 
2.r. 2S (0) 0.00000 0.00000 o.44478 0.00000 0.12113 
25 2PX (0) 0.00000 0.00000 -0.37129 0.00000 -0.40064 

---2.h 2 i;! y: CO) 0.00000 0.00000 Q.2?298 0.00000 c. on-l-7-
2 7 2. Pl (0) -0.02.2.09 -0.63956 0.00000 -0.62064 0.00000 
23 4 c lS 0.00000 0.00000 -0.04383 0.00000 0.04565 
29 2S CI> 0.00000 0.00000 o.01466 0.00000 -0.02749 
30 z. ex CI) 0 0 00 00 0.00000 -O.Ol9l.S 0.00000 0. 0 34 Z.1-
31 ZPY (I) 0.00000 0.00000 -0.04432 0.00000 0.00567 
32 2PZ en 0.27723 0.10616 0.00000 0.18662 0.00000 
33 2S (0) 0.00000 0.00000 0.63543 0.00000 -0.53737 

--34 2U (0) 0 00000 0.00000. -o. 24963 0.00000 0. 314.Sl 
35 ZPY (0) 0.00000 0.00000 -0.12410 0.00000 0.07235 
3:, 2PZ ( 0) 0.43377 0.26450 0.00000 0.44366 0.00000 
37 5 c lS 0.00000 0.00000 -0.05995 0.00000 -0.01192 
.313 .z s c.n O.OQOQO 0.00000 0 O.HU o.ooooc 0 02111-
39 ZPX (!) 0.00000 0.00000 0.06309 0.00000 0.00481 
40 2PY CI) o. 00000 0.00000 0.04708 c.00000 0.03881 
41 2PZ CI) 0.26283 0.11554 0.00000 -0.14987 0.00000 
42 2S (0) 0. 00000. 0.00000 0 6484l 0.00000 ___ Q • .OS828 
43 2 PX CO) 0.00000 0.00000 0.37293 0.00000 0.29889 
44 ZPY CO) 0.00000 O.OOOIJO 0.1!>533 0.00000 -0.03967 
45 2PZ ca J 0.41953 0.28021 o.ooooc -0.40660 0.00000 
46 6 c lS 0.00000 0 00000 -O.O.Z6l4 0.00000 0. 0 3-5-.SS 
47 ZS (I) 0.00000 0.00000 0.00635 0.00000 -0.02362 
48 2PX CI) o·.00000 0.00000 0.07286 0.00000 -0.05312 
49 2PY (I) 0.00000 0.00000 -0.06945 0.00000 o.00964 
50 22Z (Il -o. 0 0411 -0.2?042 0.00000 o. 22'14 _-0..-..Q.0.0.0.0 
51 ZS CO) 0.00000 0.00000 0.42750 0.00000 -0.38802 
52 2PX CO> 0.00000 0.00000 0.17175 0.00000 -0.38766 
53 2PY CO) 0.00000 0.00000 -0.1992.3 0.00000 0.08194 
5 {j, 2ez CC) -0.00945 -0.66366 0.00000 0.6Z401 o.~~ 
55 1 c lS 0.00000 0.00000 -0.02004 0.00000 -0.14634 
56 2S CI) 0.00000 0.00000 -0.00063 0.00000 0.03357 
51 2PX CI) o.ooo·oo 0.00000 -0.01459 0.00000 0.00260 
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sa zg¥ 'I) 0.00000 0 00000 0.10149 0 QOQOQ Q.03334 
59 ZPZ (I) 0.03286 -0.00623 0.00000 0.10959 o.oOOQO 
60 ZS (0) 0.00000 0.00000 0.38333 0.00000 2.113 84 
61 ZPX (0) 0.00000 0.00000 -0.13416 0.00000 0.00853 

. 62 2PX---CO) -- 0--0~0-D.0--- 0.00000 0.42913 0 00000 0 42130. 
63 2 PZ CO) O.Ol4i6 -0.04429 0.00000 0. 49613 0.00000 
64 8 H 15 c I) 0.00000 0.00000 -0.04732 0.00000 0.00410 
65 15 CO) 0.00000 0.00000 -0.83130 0.00000 0.41181 
66 ~ l::j l 5 _ _(__LJ__ ___ --- o.. a a a o a o.oaaao -0.040Z.l 0.00000 0.01973. 
67 15 CO) 0.00000 o. o oo·oo -0.74754 0.00000 0.59064 
68 10 H 15 CI> 0.00000 0.00000 -0.02121 0.00000 0.02936 
69 lS CO) 0.00000 0.00000 -0.73630 0.00000 -0.33285 

__ 1JL 11 ~ lS -LI..)_ -- --- 0-0 0 0 0 0 0.00000 -0.02682 0.00000 0.02261 
71 15 CO) 0.00000 0.00000 -0.62518 0.00000 0.60045 
72 12 H 15 CI> 0.00000 0.00000 -0.03605 0.00000 0.03983 
73 lS CC!) 0.00000 0.00000 -0.85323 0.00000 -0.20899 
1~ l 3 lj l s Cil 0.1)0000 0.00000 -a.ouzo 0.00000 -0. 0 04-5-9. 
75 lS (0) 0.00000 0.00000 -0.49604 0.00000 -1.01771 
76 14 H lS CI> 0.05348 -0.02618 0.00656 -0.0439/t 0.00051 
77 lS (0) 0.12200 -0.02765 -0.17931 -0.57918 -0.92807 
18 15 1:1 1 s CI) _ -Q.QS3lt.8 0.02618 Q.00656 0.01.394 O.OOOil 
79 lS ca> -0.12200 0.02765 -0.17931 0.37918 -0.92807 

31 
CA•) 

CIGE~HlAI llES -- 0.30969 
1 1 c lS 0.01236 
z ZS (I) -0.02417 
3 2PX CI> -0.07339 
~ 2e1 'I) 0.05300 
; 2PZ c I> 0.00000 
5 2S (0) -0.00976 
7 2 PX CC) -0.12436 
9 Zel cc) 
9 2PZ Cil) 0.00000 

10 2 c 1S 0.01561 
11 ZS CI> -0.00067 
12 ZE!X (I) -0.03155 
13 2PY (I> a.05434 
14 ZPZ c I) 0.00000 
15 25 CO) -0.31198 
l Q 2 2X CO) -0.032l9 
17 2PT (0) 0.13682 
18 2PZ (0) 0.00000 
19 3 c 15 -0.01550 
20 2S CI) __ -Q.Oll6l0 
21 2PX (I) -0.14133 
22 2?Y CI) 0.06323 
23 2PZ CI) 0.00000 
2 it ZS c;c) C.3..S.2.~ 
ZS 2PX (0) -0.51777 
26 2PY (0) 0~35363 
27 ZPZ (0) 0.00000 
za 4 c 1S -0.02611 
29 ZS (I) 0.00115 
30 2PX CI) -o.oaa6s 
31 ZPY c I) -0.00423 
32 z. e z CI) 0 0 00 00 
33 ZS (0) o.so1·s3 
34 2PX (0) -0.22435 
35 2P'f (0) -0.04022 
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3o ZPZ (0) 0.00000 
37 5 c lS -0.01007 
38 25 CI> 0.01168 
39 2PX (I) -0.13951 
4g 2PY c I) 0.013§8 
41 ZPZ ( !) 0.00000 
42 ZS (0) -o.oa564 
43 2PX CC) -0.38173 
4~ ~P¥ c ~;) Q.Q:i492 
45 2PZ (0) 0.00000 
46 6 c lS 0.03892 
47 2S CI> -0.01317 

-4-3-------- 2PX CI+ Q.-11475 
49 ZPY C:::> 0.04664 
50 ZPZ (I) 0.00000 
51 ZS (0) -o.5a13z 

-U- .ZPX ci;n •C.4H+l 
53 2PY (0) 0.18938 
54 2PZ (0) 0.00000 
55 7 c lS 0.03322 

--5.h.....- -- ZS CI) - -O.OQ9l3 
57 2PX CI) -0.16512 
58 2PY (1) 0.00979 
59 2PZ c I> 0.00000 
60 ZS CC) -O.t.ttOS3 
61 ZPX (0) -0.75014 
62 2PY (0) 0.03717 
63 ZPZ (0) 0.00000 

_u_ 8 M lS (I)· 0.00888 
65 lS CO) 0.33571 
6 !> ~ H lS CI> -0.01944 
67 lS (0). -0.56050 
68 J o !:! l s Cil -0.02139 
69 lS (0) -0.92803 
70 11 H lS CI) 0.03217 
71 lS (0) 0.92001 

--12 l 2 ~ l s (I) 0.00962 
73 lS CO) 0.53387 
1i+ 13 H lS CI> -0.03737 
75 lS C:J) -0.72372 
H l4 l:j lS Cil 0.01534 
77 lS (0) 0.66139 
78 15 H lS (!) 0.01534 
79 lS (0) 0.66139 

BEii 1!101 EClll AR ORB II AL CCEEEICIElllIS. 
l z 3 4 5 

CA') CA') (A') CA~) (A') 
EIGENVALUES -- -11.17801 -11.17466 -11.17027 -11.16434 -11.l64Z6 

1 1 c ls Q.00412 -O.Ot.831 -0.99581 -0.0HOl a.al~-
2 ZS CI> -0.00040 -0.00891 -0.09896 -o.ooozo 0.00001 
3 ZPX (I) o.-o 0040 0.00151 0.00002 -o. 00013 -0.00010 
4 2PY (I) -0.00043 0.00167 0.00026 0.00100 0.00034 
s z~z (l) 0.00000 0.00000 0.00000 0 00000 0.00-0.rul 
6 ZS (0} 0.01357 0.03853 o.osa12 -Q.01368 0.01097 
7 z. p .x (0) 0.00056 -0.01699 -0.00457 o.ooo6a -0.00196 
8 Z. PY (0) -0.00875 -0.02450 -0.00727 -0.02064 -0.00594 
9 a2 (0) 0 oaooo 0.00000 0.00000 0 00000 0.00000 

10 z c lS 0.01652 -0.00351 0.01016 0.14616 0.97053 
11 2 S. (I) 0.00600 0.00030 Q.00187 o.01463 0.09684 
12 ZPX (I) 0.00105 0.00062 -o.ono12 -o.oooos 0.00008 
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B i?¥ '*} Q.QQlJ~ -G.QQQ:3a Q.QQQJl Q.QQQ.28 Q.QOlJO 
14 2PZ CI> 0.00000 0.00000 0.00000 0.00000 0.00000 
15 ZS CO) -0.03666 -0.01281 -0.00930 -0.01211 -0.08590 
16 2PX c 0) -0.01207 -0.00098 -0.00028 -0.00140 -0.00373 

-U 2PJ (0) -o.o.zoos -0.00,40 -o.onn -0.00HZ -o.oiz4s. 
13 2PZ (0) 0.00000 0.00000 0.00000 0.00000 0.0')000 
19 3 c 15 0.02087 0.99558 -0.046'14 -0.00913 0.00353 
20 25 CI> 0.00307 0.10055 -0.00064 -0.00024 o.00106 _ .z 1 2.~X c..u- --- - o.~o o.001oi Q 00155 0 coca -0.00002 
22 2PY. CI) -0.00021 -0.00080 0.00055 0.00074 0.00063 
23 2PZ c I) 0.00000 0.00000 0.00000 0.00000 0.00000 
24 ZS CO) -0.01354 -0.09862 -0.02771 -0.00257 -0.01647 
-~ 2PX ( Q)-. ______ ... g_ 006 84 •0-.-023§3 -o.ou12 - 0 • 0 g l l <>- ~-0-0-3-0-2-

26 2PY (0) 0.00592 0.01315 -O.OJ508 0.00161 0.00601 
27 2. PZ c 0) 0.00000 0.00000 o.001)00 0.00000 0.00000 
28 4 c lS 0.00192 -0.01759 0.00692 0.0!>931 -0.09026 
2. ~ 2. s (I) -O.QQQS4 ,,.Q.OQ6J..3 0. Q QQ u Q.00109 ... Q.OlZZS-
30 2PX CI> 0.00012 -0.00090 0.00016 0.00014 -0.00069 
31 2PY CI> -o. 0 0044 -0.00132 0.00083 0.00031 -0.00041 
32 2PZ CI> 0.00000 0.00000 0.00000 0.00000 0.00000 

-3-3- ZS (0) --4-013 S? 0.03?26 0.00409 0.00240 0--0-3-5-13-
34 2PX CO) 0.00782 0.01521 0.00618 0.00121 0.02100 
35 2PY CO) 0.00543 0.01839 -0.00054 -0.00106 0.00242 
36 2PZ CO) 0.00000 0.00000 0.00000 0.00000 0.00000 
3l s c 1S 0.0~•01 -o.ooa8.i O.OU4Q Q.011.92 -O.OH1~ 
38 ZS CI> 0.00601 0.00010 o. OOS81 0.00827 -0.00758 
39 2PX Cl) -0.00011 0.00066 -0.00044 -0.00031 0.00035 
40 2PY CI> -0.00154 -0.00032 -O.OIJ009 o.ooon - 0. 0 00 94 

__lt.J._ zez (I) 0.00000 0.00000 0.00000 0.00000 --0--0.-0 0-0 Q_ 
42 ZS CO) -0.03758 -0.01152 -0.02442 -0.00815 -0.00492 
ct 3 2PX CO) 0.01425 0.00822 0.01439 0.00557 0.00633 
44 2PY CO) 0.01806 0.00646 -0.00227 -0.00227 0.00268 
45 i ez. '0.} 0.00000 0.00000 0.00000 0.00000 a.coo~ 
46 6 c lS -0.98661 0.02005 •0.00468 -0.00124 0.01478 
47 2S CI> -0.10029 0.00099 -0.00084 -0.00039 -0.00276 
"8 _2PX CI> 0.00111 0.00019 -0.00001 0.00021 0.00160 
it 9 21}' (l) ... 0.00014 -0.00011 0.00060 0.00021 -0-. -0-0-4 2 6-
50 2Pl (I) 0.00000 0.00000 0.00000 0.00000 0.0')000 
51 25 CO) o.09364 0.01253 o.00934 o.00467 0.03407 
52 2PX (0) -0.02066 -0.00708 -0.00649 -0.00389 -0.02265 
53 2 O! CO) O.Ol.3?4 O.OOS4t. o.ooiao -0.00169 0.00138 
54 ZPZ CO> 0.00000 0.00000 o.oooGo 0.00000 0.00000 
55 1 c lS 0.00477 -0.00969 o. 0211'8 -0.97340 0.13854 
56 ZS CI> 0.00113 -0.00188 0.00398 -0.10095 0.01414 

--51 -2..U-. CI) __ _Q_._Q_Q_Q_ll 0.00011 -o.ooa'' -0.00023 0---0M 01. 
58 2PY CI> -0.00034 -0.00003 -0.00047 -0.00006 -0.00015 
59 2PZ CI) 0.00000 0.00000 0.00000 0.00000 0.00000 
60 25 (J) 0.00042 0.00941 -0.01543 0.08550 -0.00841 
61 zex CO) -0.00133 0.00166 o.001taa -0.00064. 0 • O.M.-0.I-
62 2PY CO) 0.00054 -0.00403 0.00949 -0.00696 -0.00059 
63 2PZ CO) 0..;00000 0.00000 0.00000 0.00000 0.00000 
64 8 H lS CI) -0.00010 -0.00057 -0.00012 -0.00021 -0.00240 
65 lS .{.O.)_ - -0.00512 -0.00l::ZO -0.00144 o OOllZ 0--0~ 
66 9 H lS c I) 0.00052 0.00018 0.00053 -o.ooooa 0.00033 
67 lS ca> 0.00164 0.00532 0.00083 -0.00023 0.00432 
63 10 H lS CI) -0.00041 -0.00244 O.Ou070 -0.00032 -0.00050 
69 1 s COl -a.oaiu 0.00560 -0.00311 -a.ooo5a ...,0-.0 n as 
70 11 H lS CI> o.o 0246 0.00026 0.00041 0.00002 -0.00003 
71 lS (0) -0.00601 0.00257 0.00109 0.00023 0.00521 
72 12 H lS CI> -0.00009 -0.00066 0.00023 -0.00012 -0.00040 
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13 is co> -0.00411 -o.ooz40 -o.oozoc -o.ooos4 -0.00111 
74 13 H lS CI) -0.00013 -0.00002 0.00093 -0.00027 -0.00002 
75 lS CO) -0.00086 0.00011 0.00159 -0.01416 0.00190 
76 14 H lS CI) 0.00026 -0.00034 0.00110 -0.00041 -0.00006 

J.L 1s -LQ..l_ ____ o.oanza -=--0.-00041 -0.00220 -o 01421 0.00196-
7~ 15 H lS (I) 0.00026 -0.00034 0.00110 -0.00041 -0.00006 
79 lS (0) 0.00028 -0.00047 -0.00220 -0.01427 0.00196 

6 1 a 9 lo 
----------------- --- __ .(~..)_ (A') (A') (A') (A') 

EIGENVALUES -- -11.16324 -11.16138 -1.11195 -1.03079 -0.98627 
1 1 C lS 0.03211 -0.00920 -0.09677 0.08280 -0.05164 
2 25 CI) 0.00016 -0.00084 0.10773 -0.09274 0.05477 

-L__ 2 P x c Il ___ .,.. o. o a o zz -..a ... .a.~o o.._1-t---~o ............ o ..... 2 ..... 6 ..... 6 .... 6,___-o .......... o .... s-s--4--4---D..-0-12-0.0-
4 2PY C:) 0.00098 -0.00075 -0.03784 -0.02871 0.09551 
5 2PZ CI) 0.00000 0.00000 0.00000 0.00000 0.00000 
S ZS (0) 0.02541 0.01001 0.15131 -0.11794 0.11045 
1 zpx en> a aosas -o.onoas 0.01 2 59 -0.00210 0.01628 
8 2PY CO) -O.OZ245 -0.00501 0.00662 -0.02557 -0.01484 
9 2PZ (0) 0.00000 0.00000 0.00000 0.00000 0.00000 

10 2 c lS o.o59Z6 -0.09000 -o.01s14 -0.07882 0.02554 
11 25 LJ..L_ ___ Q..00607 -0 00510 0,08789 0 08956 ..,...Q.....Q_l..6.~8.-
12 ZPX (I) -0.00089 0.00016 0.02543 0.07254 0.04788 
13 ZPY CI> -o.0Jo;5 0.00060 0.04944 0.02654 -0.01311 
14 2PZ CI) 0.00000 0.00000 0.00000 0.00000 0.00000 
15 25 (O) -0.01771 -0.01941 O.lZ7Zl 0.11Z6l -0.0648~ 
16 2PX (0) 0.00041 0.00665 -0.00451 -0.00088 0.00575 
17 2PY (0) -0.01038 -0.01623 0.01018 -O.OZlll -0.01382 
18 2PZ CO) 0.00000 0.00000 0.00000 0.00000 0.00000 
19 3 c 15 0.00548 -0.01780 -0.11738 0.10400 . 0.099!1 
20 ZS (I) 0.00089 0.00274 0.12803 -0.10947 -0.10494 
21 ZPX CI) -0.00039 0.00049 0.04902 -0.02693 0.02Z72 
22 2PY CI) -0.00041 -0.00174 -0.02Z85 -0.01833 0.03194 
z3 zez co· 0.00000 0.00000 o 00000 0.00000 a.coo~ 
Z4 2S CO) -0.01490 -0.03395 0.29077 -0.29762 -O.Z8062 
ZS ZPX (0) -0.00742 -0.00935 0.02750 -0.03085 -0.00890 
26 2PY CO) 0.00971 0.01907 -0.01667 0.01356 0.03871 
~ 2PZ CC) 0.00000 0.00000 0.00000 0 00000 .--0-.-0.0..0.00. 

28 4 c 15 -0.05514 -0.98168 -0.07926 0.02350 0.10250 
29 ZS CI) -0.00681 -0.09730 0.09004 -0.02892 -0.11218 
30 ·ZPX CI) -0.00051 -0.00110 0.03643 0.02150 -0.00636 
Jl Z?T C~l -0.00011 -0.00041 0.044li -0 05995 -O.OS7l~ 
32. ZPZ CI) 0.00000 0.00000 0.00000 0.00000 0.00000 
33 ZS (0) 0.01854 0.08137 0.11694 -0.00740 -0.19136 
34 ZPX (0) 0.00889 0.01608 0.00238 0.02585 -0.00279 

-35 2PT (0) 0.00515 0--0-11$2 -0.00521 0 01142----"'~00.07!> 
36 2?Z (0) 0.00000 0.00000 0.00000 0.00000 0.00000 
37 5 C lS 0.97990 -0.04663 -0.03298 -0.05177 -0.06348 
38 ZS (I) 0.09764 -0.00365 0.09353 0.05948 C.07080 
3~ Z?X C•> -0.00109 -0.0004Z -0.0lSi' 0.014aO -0.C014a-
40 2PY CI) -0.00054 -0.00012 -0.036~0 -0.09173 -0.00043 
41 ZPZ CI) 0.00000 0.00000 0.00000 0.00000 0.00000 
4Z ZS CO) -0.08769 -0.00488 0.13582 0.05722 0.11680 
43 Z?X (0) 0 02001 -0.0046S -0 01109 O.C.,126 O.....OM-!.7 
44 ZPT CO) 0.01267 0.00275 -0.00707 0.01260 0.00432 
45 ZPZ (C) 0.00000 0.00000 0.00000 0.00000 0.00000 
46 6 C lS 0.01655 -0.00499 ~0.108i2 -0.14401 -0.04363 
u ZS CI) -0.CCJZl -0.00021 C.lZOU C.15151 o.cus..z 
48 ZPX CI) 0.00057 -0.00107 -0.04368 -0.03315 0.02186 
49 ZPY CI) -0.00163 -0.00022 0.03054 0.00905 Q.03353 
50 ZPZ CI) 0.00000 0.00000 0.00000 0.00000 0.00000 
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H zs (Q) Q.Q3888 Q.QQ823 g.,Z:;lll 9.4Q798 Gwll38Q 
5Z ZPX CO) -0.01282 -0.00411 -0.01691 -0.03794 -0.00075 
53 ZPT CO) 0.02143 0.00451 0.00743 0.02731 0.00989 
54 ZPZ CO) 0.00000 0.00000 0.00000 0.00000 o.oaooo 
SS l c; 1S -----IL 08518 -o.o:ui" 0.9·"598 0.99996 9.14§91 
Sb ZS ( !) 0.0079<t -0.00191 0.04659 -0.08743 0.13733 
57 2?X CD -0.00015 -0.00014 -0.00507 C.01131 o.007Z6 sa .2 ;:> y (I) 0.00001 -O.OOOZ9 -0.02775 o.OZ887 -0.02194 
59 -U-Z---{..l.}-_ - 0.00000 O.OOOQQ Q.Q~QQQ Q.QQQQQ Q.OOQOO--
60 ZS (0) 0.00182 0.00120 0.10915 -0.24996 0.44337 
61 ZPX (0) -0.00235 0.00085 -0.00187 -0.00040 0.00559 
6Z 2PY (0) -0.00401 0.00110 0.00195 0.00801 -0.01739 
~--- --- -- ~-- (-0-}--- - - - -0.Q-QQ g g Q.QQQQ9 9.ggggg g.ggggg g. 90000 
64 B H lS (I) -0.00069 0.00014 0.03031 0.038Zl -0.01417 
65 lS (0) -0.00070 -0.00550 -0.00043 -0.00013 -0.00659 
6~ 9 H lS (I) 0.0003.2 0.00243 0.03036 -0.01153 -0.05712 
Ell l~ c;Q} Q,. 0 02.H -Q.QQ'.126 Q.OQiH Q.Q0~84 Q. Ql§ 40-
68 10 H lS CI> -0.00074 0.00019 0.04547 -0.05574 -0.04954 
69 lS (0) -0.00238 -0.00482 0.00165 -0.01636 -0.00976 
70 11 H lS CI> -0.00001 0.00053 0.04106 0.07113 o.02635 

--l-1-- 1S CC:> --0-00&06 Q.QOQli'i -Q.()()~4& Q.M.69'i Q.Q1Hi90 
72 12 H lS (I) -0.00253 -0.00005 0.03368 0.02133 o.04404 
73 lS (0) 0.00623 -0.00231 0.00256 -0.00574 0.01205 
74 l3 ri 15 (I) -0.00051 0.00038 o.ozoa4 -C.04830 0.07424 
H 1~ 'Q} Q.QiiJlQS Q.QQQH Q.QGi33 Q.QQ!i38 Q.QQ594-
76 14 H lS CI> -0.00028 0.00008 O.OZOZ6- -0.04263 0.07828 
11 lS (0) 0.00164 -0.00056 -0.00519 0.00369 0.00403 
78 15 H lS en -o.oooza 0.00008 0.02026 -0.04263 0.01828 
~ 1 s c;c} 0.00194' -O.QQQU -0.00§19 Q.Q!Ji69 Q.00403 

11 lZ 13 14 15 
(A') CA') (A') CA') (A .. ) 

EIGENVALUES -- -0.89425 -0.79817 -o. 77408 -0.68353 -0.62428 
1 l c; lS •0.0;iBO -O.C.ZHl C.l05H •O.Cli81 o.oa:n 
2 2S CI) 0.06194 0.02635 -0.10929 0.01605 -0.08336 
3 2PX CI) -0.00008 -0.16188 -0.02410 0.00999 0.03012 
4 ZPT en -o. 0 9945 0.00678 0.05350 0.08231 -0.05189 
s ~?Z (I) 0.00000 0.00000 0.00000 Q.QQQOO g.gggg~ 

6 .2 s (0) 0.13732 0.04534 -0.30946 0.01101 -0.2Z418 
7 ZPX CO) o.012a1 -0.06933 -0.01789 0.00799 0.01453 
3 .2 p y (0) -0.01521 0.00919 0.03312 0.04222 -0.09048 
g 2.~i c; C.) 0.00000 0.00000 o.oocoo c.cocoo Q.QQ~ 

10 2. c lS 0.12150 -0.01491 o.09005 -0.03294 -0.05567 
11 ZS c I) -0.13056 0.01773 -0.09423' 0.031ZZ - 0.06193 
12 2PX CI> 0.01265 0.14862 0.03307 -0.03484 -- 0.03616 
~-- ;,zi;!l U)___ 0 00553 ... o 02513 0. 0 2 8:2 3 -0 • .201?9 - o.-U-6-3-2 

1 <t ZPZ (I) 0.00000 0.00000 0.00000 0.00000 0.00000 
15 25 (0) -0.28671 0.02393 -0 • .25592 0.11111 0.13579 
16 .2 p x (0) 0.01177 0.05052 o.01313 -0.01634 0.02146 
11 2. ~ ¥ ,, i;) --0.0i:IJlO .. 0.01100 0.002.H1 -o 1.zasz. ... -0-0 l13i 
18 2.PZ (0) 0.00000 0.00000 o. 000-'00 0.00000 0.00000 
19 3 c lS -0~04131 -0.06719 -o. 04643 -0.01487 --0.04827 
20 2S CI> 0.04317 0.06922 0.04550 O.O'llZO 0.05062 
21 .Z RX (-l-+----- o. o so a 0.03SSB -0.16615 -0.10949 -0.1'1?8 
2Z 2 PY (I) 0.05313 0.1575Z -0.076t32 0.132!>7 -0.00871 
23 2PZ (I> 0.00000 0.00000 0.00000 0.00000 0.00000 
24 ZS (J) 0.13019 0 • .2Z501 0.16666 0.05508 0.1480Z 

- 2 s zex CO) 0.02936 0.01:362 -O.OZ95:Z -0.090"62 -a.ua:z2 
Z6 2PY CO) 0.01369 0.06592 -0.02941 0.09003 0.01\509 
27 2 PZ (0) 0.00000 0.00000 0.00000 0.00000 0.00000 
Z8 4 c lS 0.07231 0.11362 -0.03599 0.01123 o.05443 
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,;n 2: .) 0} -Q.Q1140. -Q.119Q~ Q.Q~9U -Q.QH46 -Q.Q38Q4 
30 2PX (I) -0.02537 0.02684 -0.10256 -0.10636 0.11588 
31 2PY (I) 0.06292 0.04628 0.10180 -0.08710 0.10930 
32 lPZ (I) 0.00000 0.00000 0.00000 0.00000 0.00000 
-n- -~-~- --0.17681 -0.32.2111 o. 090H -O.OU·O -0.14397 
3 '+ ZPX (Cl) -0.01190 0.00250 -0.05124 -0.05976 0.12817 
35 2 PY (0) 0.01908 0.01564 0.03778 -0.04822 O.Od986 
35 z p z (0) 0.00000 0.00000 0.00000 0.00000 0.00000 

-31 s c -lS- .. ··----- '""~-l-10 4't O.Oii6.2 Q.QQB9 •Q.Q2:9H .. Q.QHl-1--
38 ZS (I) 0.11875 -0.10438 -0.00133 0.02762 0.05582 
39 ZPX (I) -0.00919 -0.02671 0.10395 0.13497 0.08084 
40 2PY (I) -0.01047 -0.05269 -0.12501 0.11710 0.03248 
4-1- -- -- - . ---U'-l--4-I+---- -0--0 0 00 0 0.00000 0.00000 0. 0 Q 0.0.0 0-0-0-0-0~ 
42 ZS (0) o.25626 -0.28410 -0.02143 0.10496 0.12827 
43 2PX (0) -0.01297 -0.00465 o.05046 0.09149 0.10132 
44 2PY (0) -0.00149 -0.0174Z -0.03997 0.06563 0.05109 

--45 212 z. 'Cl o.occoo o.ccooo Q.Q~QQO O.CQQQQ Q • .0. 0-0-0-0-
46 6 c 15 -0.00253 -0.06432 -0.07173 0.01952 0.04109 
47 ZS (I) 0.00213 0.06576 0.07224 -0.02552 -0.04253 
48 2PX CI) 0.08326 -0.02460 o.13967 0.12982. -0.15904 

-.4..9-- 21i!¥ 'I) -0-.-12i71 -0.13429 o.01t1~s -0.10003 Q ---0--6-1-2 3-
50 2PZ (I) 0.00000 0.00000 0.00000 0.00000 0.00000 
51 2S (0) 0.008Z9 o.2zo11 0.25708 -0.04908 -0.12441 
52 2PX (0) 0.02957 -0.01466 0.05921 0.08885 -0.16150 
B .i 12 :r: 

' ':I:) 
Q.QHH O.O:i1Q~ Q. Q,2,Q~§ -Q.Qii7&~ Q.Q9Q6+ 

54 2PZ CC) 0.00000 0.00000 0.00000 0.00000 0.00000 
55 7 c lS 0.09935 0.01128 -0.04711 0.02295 -0.00756 
56 ZS (I) -0.09301 -0.00957 0.04402 -0.01874 0.00361 
Sl 2 ~ x ( I..)._._ __ _,,,.--0-..-0 Q 1 0 4 .. Q.049&1 -0.00314 -0. OQ919---~3495 
58 2PY (I) -0.03960 -0.01296 0.03398 -0.09070 0.13917 
59 2PZ (.I) 0.00000 0.00000 0.00000 0.00000 0.00000 
60 ZS (0) -0.3Z510 -0.042139 0.16679 -0.09267 0.06421 
u 2~X 'Q) .. Q. C CJ.Za -0.C:UJJ -0.003?6 -0.C::lJSa -.0...-0-2-5-1-Z-
62 2PY (0) -0.01001 -0.00369 0.04887 -0.05891 0.07492 
63 2PZ (0) 0.00000 0.00000 0.00000 0.00000 0.00000 
64 8 H lS CI> -O.O:iS63 0.01839 -0.09575 0.15812 0.07626 
6!ii is 'C) _____ .,..g 04155 o.ooi:u -0.05666 0.11206 -.0.03-li~ 
66 9 H lS (I) -0.05825 -0.119a3 o.o,;554 0.01120 -0.1!1273 
67 lS (0) -0.02528 -0.06770 0.03000 0.05734 -0.10958 
68 10 H lS (I) 0.02197 0.07730 0.03344 0.10563 0.11619 
ai l~ rn~ O.OOeH O.OHSJ 0.044l-' a.cuss 0.06031 
70 11 H lS CI> 0.00034 0.07407 0.10099 0.07512 -0.14445 
71 15 (0) 0.00180 0.03512 0.04926 0.05111 -0.07996 
72 12 H 15 CI) 0.07745 -0.11053 0.01691 0 .13593 0.11594 
~ 14.-. -(.C._)- __ - -- 0. 0 3 2 9 ~ --""0-0 6311 0.01035 o... 0-i-5-0-1--- o. on 1 o. 

7 '+ 13 H 15 (I) -0.06909 0.01369 o.05972 -0.03582 0.02983 
75 lS (:j) -o.018n 0.01039 0.03132 -0.01850 0.03102 
7S 14 H lS (I) -0.06323 -O.OZ231 o. o 43a1 -0.03348 0.04234 
ii lS COl -0.014.2.9 -0.0l.ZSS 0.022.54 -O.Ol'359 0.0395$..-
78 15 H lS c I} -0.06323 -0.02281 0.04387 ·-0.03349 0.04234 
79 lS (0) -0.01429 -0.01255 0.02254 -0.01959 0.03959 

16 17 18 19 20 
·------- CA•) CA•) CA•) CA•) __ _(_A~)_____. 

':IGE~V.4LUES -- -0.61726 -0.59272 -0.559c32 . -o. 54586 -0.52598 
1 1 c lS 0.01567 0.01186 0.00000 -0.00055 -0.00807 
z ZS CI) -0.01312 -0.00918 0.00000 0.00083 0.00889 _J_ ______ 22X CI.l -0.16?58 -0.11893 0.00000 O.COZ9Z 0..03089 
4 2PY (I) -0.00826 -0.10536 0.00000 -0.14742 -0.13887 
5 Z?Z (I) 0.00000 0.00000 0.07707 0.00000 0.00000 
6 ZS (Q) -0.05334 -0.06459 0.00000 -0.00226 0.01883 
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1 z ex CO) -O.l..Zl.34 -0.08.269 0.00000 0 OOSll 0 oaJss . 
8 2PY (0) -0.02018 -0.06721 o.o!rOoo -0.11013 -0.11'75 
9 2PZ (0) 0.00000 0.00000 .O.O<i460 0.00000 o.ooeoo 

10 z c lS -0.01242 0.00248 o.oaooo 0.01409 o.01szz 
ZS Cil 0.01113 -0.0044:? O.OIJOOO ,.,o 015S5 -o.ouo.a.. 

12 2?X (I) -0.16136 -0.12159 0.00000 -0.06256 0.15836 
13 2?Y (I) -0.00560 -0.09897 0.00000 -0.19625 -0.15085 
l4 2PZ (.:) 0.00000 0.00000 o.ooad4 0.00000 0.00000 
15 - __ .2..S,..__ _L;l)___ - . --!2..-llU~ O.Ol96Z. 0.00000 -0.03.Z9Z ..,_0.06604 
16 2PX CJ) -O.OB88 -0.06448 0.00000 -0.03597 0.10102 
17 2PY (0) -0.01601 -0.06943 0.00000 -0.17049 -0.13679 
18 2PZ (0) 0.00000 0.00000 0.00854 0.00000 0.00000 

--l,3_,L __ -c 1S ------- 0. 0 11 S4 -0.02101 0.00000 ... o.ou~2 0.00828 
20 2.:) (I) -0.01118 0.02764 0.000()0 0.01697 -0.00714 
21 2PX (I) 0.06036 0.22197 0.00000 0.01625 0.00546 
22 2PY CI) 0.19235 -0.12496 0.00000 0.05167 -0.11402 
23 z.ez CI:> o.oocao 0 00000 O.OEl~Ol. 0.00000 0.00000 
24 ZS (Q) -0.06167 0.03901 0.00000 0.06120 -0.03792 
25 ZPX (0) o.o 13 42 0.17316 0.00000 -0.00404 0.03065 

' 26 ZPY CO) 0.12934 -0.10463 0.00000 0.03621 -0.06734 
21 22Z CO) 0.00000 0.00000 o. 06466 0 00000 0-0-0-0-0. 0-
28 4 c lS 0.00118 -0.00966 0.00000 o.02518 0.01168 
29 ZS (I) -0.00544 0.01098 O.OJOOO -0.02713 -0.01099 
30 2PX (I) o. o 2 5 34 0.14549 0.00000 -0.08520 -0.13846 
.3 l .2.U C I.l -o l~U12 o.oa!ila 0.00000 -o.o.z:is4 0.10810 
32 ZPZ CI> 0.00000 0.00000 0.01848 0.00000 0.00000 
33 ZS CO) 0.03323 0.00834 o.oaooo -0.06933 -0.02745 
34 ZPX (0) 0.02349 0.10946 0.00000 -0.05178 -0.15273 
~ 22% (0) -0.10539 O.OS35l 0.00000 -o.o:uu 0.01185 
36 2PZ (0) 0.00000 0.00000 o.01326 0.00000 0.00000 
37 5 c lS -0.023d4 0.00643 0.00000 -0.00868 -0.03110 
38 ZS (I) 0.02689 -0.00771 0.00000 0.01255 0.03066 
H 2ex c I) O.Ol.281 O.l 2352 0.00000 -O.l6559 -0 ] 2 8 0 2 
40 ZPY (I) -0.19233 0.03542 0.00000 -0.14009 0.07629 
41 ZPZ CI> 0.00000 0.00000 0.01798 0.00000 0.00000 
42 ZS CO) 0.04997 0.00211 0.00000 0.00059 0.09135 

____.i_ zex (0) 0.03081 0.08329 o 00000 -o.uoss -o.ouu. 
44 2 ?Y (0) -0.03472 0.02932 0.00000 -0.09790 0.05515. 
45 ZPZ (0) 0.00000 0.00000 0.02073 0.00000 0.00000 
46 6 c lS 0.00807 0.02112 0.00000 -0.00145 0.00577 
H 2 s c I) -o 00132 -o. 0 2£1.39 a.OJOOO o.001oa -0.006!6 
48 2PX CI> 0.03192 0.21545 0.00000 0.09605 -0.06410 
49 ZPY (I) 0.23404 -0.06201 0.00:000 o.14493 -0.05559 
50 2PZ CI> 0.00000 0.00000 O.OZ031 o. 0.0 00 0 0.00000 
51 ZS (0) -0.026§2 -O.OSO!t9 o.aaooo a. 0·1 21 5 -11..il03Z... 
52 ZPX (0) -0.00337 0.16975 o.oaooo 0.05812 -0.06117 
53 2PY (J) 0.16260 -0.05674 0.00000 0.09721 -0.02330 
54 Z ?Z (0) 0.00000 0.00000 O.OL846 0.00000 0.00000 
5 5 z c l s -0.00262 -0.00SH o.o,JoJa -o.aooi1 o. a :a 21_ 
56 ZS (I) o.o 0225 0.00112 o.oaooo -0.00361 -0.00668 
57 2PX (I) -0..184.20 -0.01769 0.00000 0.22160 -0.2'1178 
58 ZPY CI> 0.06826 0.11967 0.00000 0.10111 0.13778 
5g 22Z (I) a.aooaa a.oaaao 0.31030 a.oaooa a.oaooo 
60 .2 s (0) 0.01905 0.03644 0.00000 0.02011 0.00025 
61 2PX (0) -0.14300 -0.00875 0.00000 0.13970 -0.20520 
62 2 PY (0) 0.04469 0.08118 0.00000 0.07636 0.10676 
63 zez CJ) 0.00000 0.00000 Q.3'lZ6 o.oaooo a.00000 
6~ 8 H lS (I) 0.02772 0.07465 0.00000 o.13896 0.08649 
65 lS (0) 0.01933 0.06192 o. 00000 0.12124 0.07630 
66 9 H lS (I) o.04305 -0.10953 0.00000 o.037sz 0.08084 



132 

67 J. s 'C) Q.C4CU .. Q.0909~ C .. OCQCC O.Q4U16 Q.01T14 
68 10 H 15 (I) 0.02884 -0.14372 0.00000 0.02463 -0.05284 
69 15 (0) 0.02112 -0.10814 0.00000 0.01038 -0.03323 
70 11 H 15 (I) -0.07339 0.11808 0.00000 0.00074 -0.02308 

_11 -1-S (0) -- ,.. 0 • 0 4 7 1-3- 0.09909 0.00000 0.00149 .. o.01298 
7l 12 H lS ( !) -0.01165 0.08210 0.00000 -0.14879 -0.02929 
73 15 (0) -0.01904 0.07036 o.oooco -0.12854 -0.03622 
H 13 Ii 1 s (I) 0.13341 0.04926 0.00000 -0.10674 o.18424 
z:i lS C~) - O.l;l231 O.OJUlt o.oocco -Q. c 93 :n o.16846-
76 H H 15 (I) -0.04759 0.02096 0.20750 0.10000 -0.05592 
77 15 (Q) -0.03699 0.01939 0.18159 0.08937 -0.04727 
78 15 H 15 (I) -O.Oit759 0.02096 -0.20750 0.10000 -0.05592 
-~ ------1----S-------W+- -0.03699 -- 0.019~9 0.1!3159 O. 089H --0-~1-

21 22 23 24 25 
(A .. ) (A .. ) (A•) (A") (A•) 

EIGENVALUES -- -0.49627 -0.44909 -0.43294 -0.37161 o.04957 
1 1 ' ·~ Q.00624 -Q.QQ~l~ Q.QQQQQ Q.QQQOQ -G--..QQQQO 
2 25 CI> -0.00428 -0.00146 0.00000 0.00000 0.00000 
3 2PX (I) -0.13567 0 .. 19598 0.00000 0.00000 0.00000 
4 2PY CI) -0.19397 -0.12775 0.00000 0.00000 0.00000 

-+----- ~PZ en ---4.QQQQQ 0.00000 0.09312 Q.094H -O-ri--92 50 
6 25 (0) -0.02327 0.03210 0.00000 0.00000 0.00000 
7 2PX (0) -0.10976 0.16396 0.00000 0.00000 0.00000 
8 2PY (0) -0.20561 -0.16575 0.00000 c.00000 0.00000 
9 2PZ (0) Q.Qi3QQQ O.QQQQQ Q.Q911tlt o.oasas Q.3981-8--

10 2 c 15 -0.00044 -0.00487 0.00000 0.00000 0.00000 
l1 2S CI) 0.00201 0.00096 0.00000 0.00000 0.00000 
12 2PX CI) 0.10729 -0.17193 0 .. 00000 0.00000 0.00000 

----1---!-- 2PY (1) -----0-.-1 15 9 9 9.99§11 9.90999 9.00090 0 • 0--0-0--0--0-
14 2PZ CI) - 0.00000 0.00000 -o.12oa1 -0.08837 -0.19798 
15 25 (Q) -0.01029 0.04118 0.00000 0.00000 0.00000 
16 2PX (0) 0.06812 -0.12634 0.00000 0.00000 0.00000 
H 2PY -{-G-) 9.l.12fo.3 g .121:1.'t g.QQQQQ Q.QQQQQ Q.QQQQI}-
18 2PZ CO) 0.00000 0.00000 -0.10927 -0.08182 -0.33264 
19 3 c 15 -o. 0 064/t 0.01521t 0.00000 0.00000 0.00000 
20 25 (I) 0.00783 -0.01809 0.00000 0.00000 0.00000 
21 2PX (!) Q.14264 Q.14949 Q.G9009 g.ggggg O.QQOQO 
22 2PY (I) 0.1'3356 0 •. 00420 0.00000 0.00000 0.00000 
23 2PZ (I) 0.00000 0.00000 -0.24882 0.32653 o.01046 
24 25 Cu> -0.00121 -0.06797 0.00000 0.00000 0.00000 
2§ lPX (Q) Q.08626 Q.18711 Q.9QQQQ Q.QQQQQ -~. Q gg OQ 
26 2PY (0) 0.14256 0.14205 0.00000 0.00000 0.00000 
Z.1 2PZ (0) 0.00000 0.00000 -0.28873 0.39548 0.01896 
28 4 c 15 0.00791 -0.00564 0.00000 0.00000 0.00000 '!jl 's 'n .. Q.0104§ o.ooos:i Q.00000 Q.QOQOO o.~~ 
30 2.PX (I) -0.10411 0.15266 0.00000 0.00000 0.00000 
31 2PY (I) -0.16801 -0.12217 0.00000 0.00000 0.00000 
32 z. p z (I) 0.00000 0.00000 -0.10961 0.10339 -0.1_9262 
33 i~ cc~ -0.0055? O.CU4'.1 C.CQCCC c.occcc C.OQCQC 
34 2PX (0) -0.12032 0.16262 0.00000 0.00000 0.00000 
35 2PY (0) -0.12541 -0.05581t 0.00000 0.00000 0.00000 
36 2PZ (0) 0.00000 0.00000 -0.10111 0.09752 -0.32304 

---3.,Z______,S__ c ] 5 0.00294 -0.01201 0 OQQOO 0.00000 0 00000 
38 25 CI) -0.00364 0.00827 0.00000 0.00000 0.00000 
39 2PX CI> 0.07539 -0.17984 0.00000 0.00000 0.00000 
40 2PY (1) 0.13241 0.14787 0.00000 0.00000 0.00000 
u 22Z en 0.00000 a 00000 -a ] l s 3 5 -0.08996 -D---1-150-4-
42 25 (0) -0.01021 0.05631 0.0,0000 0.00000 0.00000 
43 2PX (0) 0.10592 -0.17523 0.00000 0.00000 0.00000 
41t 2PY (0) 0.12725 0.08821 0.00000 0.00000 0.00000 
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45 2 S! z. 'iJ) 0.00000 0.00000 .. Q.10~4~ -o.oa4s4 o.J.Zo04 
46 6 c lS -0.00029 0.01370 0.00000 0.00000 0.00000 
47 ZS CI) -0.00071 -0.01733 0.00000 0.00000 0.00000 
48 2PX c I) -0.10911 0.14134 0.00000 0.00000 0.00000 
ft 9 ZE!! CI) .,.o.1ssz4 -0.10966 0.00000 0.00000 0.00000 
50 2PZ CI) 0.00000 0.00000 -0.28801 -0.29718 0.00473 
51 25 C:J) 0.01833 -0.05029 0.00000 O.OOOIJO 0.00000 
52 2PX (0) -o.oa131 0.19219 0.00000 0.00000 0.00000 
..5..3.------ 22't 'iJ) -----~.D..38 Zl -0.13301 0.00000 0 00000 0.00000 
54 2PZ (0) 0.00000 0.00000 -0.33631 -0.35827 0.01013 
55 7 c 15 0.01703 0.01428 0.00000 0.00000 0.00000 
56 25 CI) -0.02119· -0.01666 0.00000 0.00000 0.00000 
S-l-------~X--.C..1->--------0-.101 u =-0--0 s 0 0 :i 0.00000 0. 00000-- 0.00000 
59 ZPY CI) 0.20493 0.12124 0.00000 0.00000 0.00000 
B 2PZ (I) 0.00000 0.00000 0.07290 -0.03960 -0.03319 
60 2S CO) -0.02093 -0.02723 0.00000 0.00000 0.00000 
61 .z ~ x 0;) O.O~SJl -0.064.a.Z 0.00000 0.00000 ~0..0.00-0-
62 2PY CO) 0.14065 0.08645 0.00000 0.00000 0.00000 

I 63 2PZ (C) 0.00000 0.00000 0.07442 -O.OZ827 -0.01043 
64 8 H lS (I) -0.10527 -0.06932 0.00000 0.00000 0.00000 
6S 1S -(..0..)..------=0-..0 ~2 35 -0.06044 0.00000 0.00000 a_ 0-0 0-0 0-
66 9 H lS (I) 0.13314 -0.06928 0.00000 0.00000 0.00000 
67 lS (Q) 0.12103 -0.05852 0.00000 0.00000 0.00000 
68 10 H lS CI) -0.00138 0.13081 0.00000 0.00000 0.00000 
69 l.S rn) -Q.00+90 O.l.H.1.i O .. OQOOO Q,.QQOQO ~~o 
70 11 H lS (I) -0.00291 0.13541 0.00000 0.00000 0.00000 
71 lS CC) -0.00055 0.11591 0.00000 0.00000 0.00000 
72 12 H lS (I) 0.108Z4 -0.07279 0.00000 0.00000 0.00000 

-X.3- 1S (0) D.Oi546 --=0-061i2S 0.00000 0.00000 -0...-0.0000. 
74 13 H lS CI) -0.01196 0.07688 0.00000 0.00000 0.00000 
75 lS ( 0) . -0.00035 0.09645 0.00000 0.00000 0.00000 
76 14 H lS (I) o.0675Z -0.00985 0.04890 -0.03129 -0.04924 
lZ lS c IJ O.OlS3S -0.003?1 0.04944 -0. 04.t.0 8 -o. 0 95-!.5. 
78 15 H lS (I) 0.06752 -0.00985 -0.04890 0.03129 0.04924 
79 lS (0) 0.07838 -0.00371 -0.049~4 0.04408 0.09575 

26 27 28 29 30 
CA•) -C-A-!!-).. CA') (A') --.(A:"'.) 

EIGENVALUES -- 0.20431 0.22d54 O.Z6914 0.29893 0.31131 
l l c 15 0.00000 0.00000 -0.02300 -C.00604 -0.00140 
z ZS (I) 0.00000 0.00000 o.oaa91 0.01235 0.01740 
3 2e:x. CI) 0.00000 o.oooao -0.00209 0.02091 0. 0 55-11-
it ZPY (I) 0.00000 0.00000 0.03233 -0.005Z9 -0.04234 
5 ZPZ (I) 0.13215 0.22329 0.00000 0.00000 0.00000 
5 ZS (0) 0.00000 0.00000 0.34781 . -0.24739 -0.04185 

2 E!X CCl o.oaoao _Q.00000 0.01060 0.02101 .. 0 ... D..57 97 
a 2?Y CO) 0 •. 00000 0.00000 0.00156 0.31716 -0.11473 
9 2Pl CO) 0.34997 0.47371 0.00000 0.00000 0.00000 

10 2 c 15 0.00000 0.00000 -0.04241 -0.01373 -0.00057 
] l ZS CI) 0.00000 0.00000 a.au.is -0.00:Zle.3 -.o....all.21-
12 2PX (I) 0.00000 0.00000 -O.OlZ84 0.01211 0.03632 
13 ZPY CI> 0.00000 0.00000 -0.08200 -0.0~046 . -0.02.172 
14 ZPZ CI> 0.12571 0.20099 0.00000 0.00000 0.00000 
15 2 s _ _(.Q)_ _ ___a_.._00000 0.00000 0.6.11:008 O.ltl165 Q...Jl41.9Q 
16 2 PX Cu) 0.00000 0.00000 -o.oa4ol 0.00212 0.02964 
17 2 PY (0) 0.00000 0.00000 -0.35969 -0.20063 -0.03279 
13 2PZ (0) 0.33778 0.494.28 0.00000 0.00000 0.00000 
19 3 c 1 s 0.00000 a.aooaa -O.O:ill9 O .. C1659 Jl....!Ult.5.1 
20 ZS (I) 0.00000 0.00000 o.ozau -0.01368 0.00928 
21 2PX CI) 0.00000 0.00000 -0.08691 0.06134 0.13848 
22 2PY CI> 0.00000 0.00000 0.05777 -0.0431t5 -0.04753 
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23 22Z 'T) -0.22301 -0.02919 0 00000 0.00000 0.00000 
Z4 ZS (0) 0.00000 0.00000 0.6Z763 -0.14615 -0.37557 
25 2PX (0) 0.00000 0.00000 -0.42745 o.49986 0.43495 
26 ZPY (0) 0.00000 0.00000 0.27382 -0.12384 -0.31941 
21 -2..2L __ (.OJ_ __ --~ll...5.1 061 -O.OA.3all 0.00000 0.00000 o.aoooa_ 
23 4 c lS 0.00000 0.00000 -0.03646 -0.03278 0.02946 
B ZS (I) O.O:JOOO 0.00000 0.01183 0.02512 -0.00536 
30 Z?X (I) 0.00000 0.00000 -0.07364 -0.00687 0.09652 
3 l ·-- 2 2l (I) 0.00000 0.00000 -o.aszaz -a 001.zlt 0.00315 
32 2PZ c I) 0.15254 -0.17613 0.00000 0.00000 0.00000 
33 ZS CO) 0.00000 0.00000 0.50852 0.29039 -0.51120 
34 2PX (0) 0.00000 o.ooaoo -0.20844 -0.23333 0.29071 _J..L ______ 2U (0) -·-··-.0.-0 0 0 0 0 0.00000 -o .16414 -0.05112 0.05023 
36 2PZ ca> 0.40205 -0.43755 0.00000 0.00000 0.00000 
37 ; c lS 0.00000 0.00000 -0.05272 o.00796 0.00002 
39 ZS (I) 0.00000 0.00000 0.03688 -0.02155 -0.00517 
39 .z E1 x 'I.l 0 00000 o 00000 o.assg3 0.03960 o .1 ZZ4-2-
40 2PY CI) 0.00000 0.00000 0.05214 -0.02138 0.00704 
41 ZPZ CI) 0.16677 -0.18471 0.00000 0.00000 0.00000 
42 ZS (0) 0.00000 0.00000 0.51035 0.06039 0.19747 

-*-L zex c o )___ ___ a. o o o o o · 0.00000 Q.364ll -0.1625l ..0..3-3.2!>5 
44 2PY (0) 0.00000 0.00000 0.18643 0.13441 0.05679 
45 2PZ (Q) 0.42914 -0.46558 0.00000 0.00000 0.00000 
46 6 c 15 0.00000 0.00000 -0.03788 -0.05328 -0.02756 
4 l 2S Cl} Q QOQQQ Q.QOQCQ Q.Q1C2S 0 02?02 Q.006'fl 
48 2PX CI> 0.00000 0.00000 0.07216 0.09467 0.03902 
49 2PY (I) 0.00000 0.00000 -0.06815 -0.03425 -0.04770 
so ZPZ CI> -0.23167 -0.01003 0.00000 0.00000 0.00000 

-5..L..- 2S (0) 0.00000 0.00000 0 60440 0. :il344 0.45184 
52 2PX (Q) 0.00000 0.00000 O.B037 o.52524 0.31551 
53 2PY ca> 0.00000 0.00000 -0.17885 -0.17937 -0.19495 
5~ 2PZ (Q). -0.52301 -0.02164 0.00000 0.00000 0.00000 
SS 2 c lS 0.00000 0.00000 -O.OZ96l 0.12692. -O.O?I54 
56 2S CI) 0.00000 0.00000 0.00044 -0.03051 0.02052 
57 2PX en 0.00000 0.00000 -0.01920 0.04032 0.16111 
58 ZPY CI> 0.00000 0.00000 0.10439 -0.09087 0.01954 
59 2~Z (I) -0.01601 0.04955 0.00000 0.00000 0.000.0..0.. 
60 25 ( IJ) 0.00000 0.00000 0.52275 -1.84582 1.08703 
61 2 PX (0) 0.00000 0.00000 -0.13422 0.19062 0.73552 
62 2?Y (0) 0.00000 0.00000 0.43978 -0.42053 0.03306 
63 2. E1 z ( 0;) -o 06960 o .324ii1S 0.00000 0.00000 0.000.0..0.. 
64 a H lS (I) 0.00000 0.00000 -0.03801 -0.00437 -0.00200 

, 65 lS (0) 0.00000 0.00000 -0.74448 -0.46558 -0.07524 
66 9 H lS CI> 0.00000 0.00000 -0.03156 -0.01039 0.01593 
61 l s (0) -.0.000QQ 0.00000 -0.66054 -0.36596 Q.....6.2..46..S 
68 10 H lS CI) 0.00000 0.00000 -0.03325 -0.02315 0.03600 
69 lS (0) 0.00000 0.00000 -0.91747 o.51753 0.87301 
70 11 ,, 15 (I) 0.00000 0.00000 -0.03396 -0.03524 -0.02731 
11 l s ( 0) 0.00000 0.00000 -0.IOHS -0.9684.l -O.ll9a.9-
72 12 H lS (I) 0.00000 0.00000 -0.02150 -0.04356 0.00842 
73 lS (0) 0.00000 0.00000 -0.77120 -0.05050 -0.55848 
74 13 H lS (I) 0.00000 0.00000 -0.00774 o.01so1 0.03315 
ZS 1 s COl o.oaaao a.aaooo -O .. S!a3I9 1.13991 o. 311...6a. 
76 14 H lS (I) -0.03463 -0.06027 O.OJ162 -0.00452 -0.01282 
77 1 s (0) -0.02086 -0.443~9 -0 • .24230 0.69749 -0.93595 
78 15 rl lS (I) 0.03463 0.06027 0.00162 -0.00452 -0.01282 
B 1 s ( !J) 0.02666 a ,ttB99 -O.Zf.230 a 631~9 -0 93585 

31 
CA•) 

EIGENVALUES -- 0.3 46 48 
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l l c: lS --4--0 0 Q Q Q 
z ZS (1) 0.00000 
3 2PX CI> 0.00000 
4 2PY (I) 0.00000 s 2 PZ ( t:) -o.o~og:i 
6 ZS (0) 0.00000 
7 2PX (0) 0.00000 
8 2PY (0) 0.00000 

-4-- "p z. -{ ~->------ -C-.- Q '1.Z i J 
10 z c 1S 0.00000 
11 25 (I) 0.00000 
12 2PX (I) 0.00000 
-13 2PY (I) --0.QQOOO 
14 2PZ (I) 0.15Z87 
15 25 (0) 0.00000 
16 2PX (0) 0.00000 

-11 -2P¥ 'g) --0-.-0 Q Q Q 0 
18 2PZ (0) 0.46349 
19 3 c lS 0.00000 
20 2S CI) 0.00000 

--2-1----- . iP~ en Q.QQQQ() 
Z2 2 PY (I) 0.00000 
23 2PZ (I) 0.11773 
2 '+ ZS (0) 0.00000 
~s 2PX {Q} Q.QQQQQ 
26 ZPY CO) 0.00000 
27 ZF'Z CO) 0.23090 
28 4 c IS 0.00000 
29 2 s c:n o.ococo 
30 ZPX (I) 0.00000 
31 2PY (I} 0.00000 
32 2PZ (I) -0.17113 
.3 .3 2S -(.~) o.occoo 
34 2PX co~ 0.00000 
35 2PY (0 0.00000 
36 2PZ (0) -0.46579 
3l s c lS o. 000~ 
38 ZS CI) 0.00000 
39 2?X er> 0.00000 
40 2 PY CD 0.00000 
4l zez CI~--~~ 
42 ZS (0) 0.00000 
43 2PX (0) 0.00000 
44 ZPY CO) 0.00000 
~5 22Z CO) _Jl....l 5.2..9J._ 
46 6 c lS O.OOOJO 
47 25 (I) 0.00000 
48 2 PX (I) o.oaooo ,9 ZIH c Il ...D.-0 :JO 00 
5 () 2PZ (I) -0.10425 
51 2S (0) 0.00000 
52 2PX (0) 0.00000 
53 22i (.D.)__ a.oaaao 
54 2PZ (0) -0.29613 
55 7 c 15 0.00000 
So ZS (!} 0.00000 
51 22X CD 0.00000 
58 2PY (I) 0.00000 
59 2PZ (I) -0.23926 
60 2S (0) 0.00000 
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al 2?X (Q) Q.QQQQQ 
62 ZPY CO) 0.00000 
63 ZPZ (0) -1.14340 
64 a H lS CI) 0.00000 
,; 1s co> ~a~.~o~a~o~ga----------------~----
66 9 H lS (!) 0.00000 
67 15 (J) 0.00000 
6d 10 H lS (!) 0.00000 
G-~-------1-S- 40>----- - ~~~~---
70 11 H 15 Cl) 0.00000 
71 lS (0) O.OOOJO 
72 12 H lS CI) 0.00000 

-1-l----· - - - -1-S-- ~a.}- ~ .. -0-%4~------------
7 ~ 13 H 15 CI) O.OOOOC 
75 15 (0) 0.00000 
76 14 H lS Cl) 0.04626 
++----- l S ( 0) - -· - - 1.19 Q U--------------
78 15 H lS (I) -0.04626 
79 lS CO) -~.19015 

J~o!TAL SYMM2TRicS. 
Al PHA ORSII4t 5 -----------

OCCUPIED CA•) CA·> cA·) CA.) cA·) CA•) cA·) cA•) CA') CA•) 
CA') CA') cA·) CA') cA·) cA·) CA•) CA') cA·) CA') 
CA•) CA') CA') CA•) CA") CA•) 

VI RT II AL -'-4..!.J__LJ._ • ) ( A " ) (A ' ) ( A ' ) ( A • ) (A ' ) ( A • ) (A • ) ( A • ) 
CA') CA') CA') CA') (A') CA') (A') CA') CA') CA") 
CA') CA") CA') CA") CA') CA") CA') CA•) (A') CA") 
CA') CA") CA') CA') CA') CA") CA') CA') (A') CA') 

--------~L (A' > C A :.)_~(.,_AOL'_l"----'(.._.A,.__'~)..._.,(__.AL--•_,)~(....-Ac_'-.#)__.,(_..A_'-+)~( .... A,_• .J,._) ~( ..._4 _• .._) 

SETA ORBITALS 
cA·) CA') cA·) 

OCCUPIED CA•) CA') CA') CA•) CA') 
·--------~-)..-44-~-{-A-~)-.(~ (A•) 

CA•) (A•) CA") ca•) 
VIRTUAL CA") CA") CA") CA•) CA•) 

CA') CA") CA') CA') CA') 
--------__ (L~) 0 •) _.(.i!!.)--C. A•) (A •) 

CA") CA") CA') (A") (A') 
CA') CA') CA') CA') CA') 
<A') CA') CA') (A') (A•) 

CA') CA') CA') CA') CA') 
("') CA') CA") CA') -C-A-~-} 

CA') CA•) cA·) cA•) CA.) 
CA') CA') (A') CA') CA') 
( A ') ( A • ) C A .. ) _.(-A.!' .)_._{.A-'.} 
CA') CA') CA") CA') CA') 
CA') CA') CA') CA') CA') 
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ORI3I TAL SYMMETRIES. 
ALPHA ORBITALS 

OCCUPIED (A I) (A I } (A I) (A I} (A I ) (A I ) (A I} (A I) (A I) <A I ) 

(A I) (A I } (A I) (A I) c A I) (A I ) (A I) (A I) i A I ) <A"> 
(A I ) (A I) (A II) CA"> CA"> 

VIRTUAL (A"> CA" ) (A I ) (A I} (A I} (A I } (A I } (A II) (A I) <A I ) 

(A I ) c A I ) c A I ) (A I) c A I) c A I ) (A I) c A I) (A I) CA II ) 

CA") CA I) (A I) CA"> (A I) CA"> (A I) CA') CA") CA I) 
CA") CA" ) (A I) (A I) (A I) <A I ) (A I). c A I) (A I) <A I ) 

(A I) (A I ) (A I) (A I) c A I) CA I ) (A I) (A I; (A I) (A I) 

(A I} CA, ) 
BETA ORBITALS 

OCCUPIED (A,> <A, ) (A,> (A I) (A I} <A I ) (A I) (A I) CA, ) CA, ) 
(A,> <A, > (A,) (A,) (A I} <A, > (A I) (A I) (A I ) CA") 
<A,> <A, > (A II) (A") 

VIRTUAL CA"> CA"> c A II) (A I) c A I) CA' ) (A,> CA,) (A,> (A I ) 

CA"> CA' ) c A I) <A,} CA,) CA' ) (A,> (A I) (A I ) <A I ) 

(A"> <A, ) (A I) <A"> (A"> <A I} (A I) (A I) CA") <A" > 
(A"> <A I } (A") <A,> (A I) CA I} (A,> (A I) (A I) <A I ) 

(A,) c A I ) (A I) <A,) (A,> CA' ) c A I) (A I) (A I) CA I ) 

CA,> CA' > CA,) 
THE ELECTRONIC STATE IS 2-A". 

ALPJ.!A MOLECULAR ORBITAL COEFFICIENTS 
1 2 3 4 5 

<A,) (A I ) (A, > (A I ) (A I ) 

EIGENVALUES -- -11. 18100 -11. 18091 -11. 18058 -11. 17694 -11. 17587 
1 1 c 1S -0.01218 -0.07636 -0. 03803 -0.96637 -0. 18457 
2 2S C I> -0. 00198 -0. 01234 -0. 00584 -0. 09772 -0.01552 
3 2PX C I ) -0.00167 0. 00027 0. 00001 0. 00000 0.00000 
4 2PY C I > 0. 00033 0. 00202 0.00107 -0.00023 0.00187 
5 2PZ < I > 0. 00000 0. 00000 0.00000 0.00000 0. 00000 
6 2S ( 0) 0.00758 0.04655 0.02435 0.09252 -o. 00527 
7 2PX ( O> 0.02063 -0.00329 -0.00016 0. 00000 -0.00001 
8 2PY (Q) -0.00564 -0.03443 -0.02002 -0. 00409 -0.01126 
9 2PZ (Q) 0. 00000 0. 00000 0.00000 0. 00000 0.00000 

10 2 c 18 -0.02804 -0. 22381 0. 96051 -0. 01838 -0. 00484 
11 28 C I > -0.00275 -0.02215 0. 09782 -o. 00110 -0.00049 
12 2PX < I > -o. 00114 0. 00018 0. 00001 0. 00000 0.00000 
13 2PY C I > -0.00017 -o. 00109 0. 00111 0.00027 0.00018 
14 2PZ C I > 0. 00000 0. 00000 0.00000 0. 00000 0. 00000 
15 28 <0) -0.00081 -0.00034 -0.09539 -0. 00745 0. 00320 
16 2PX c O> 0. 00044 -0. 00007 0.00000 0. 00000 0. 00000 
17 2PY c 0) -0.00155 -o. 00834 -0.02832 -0. 00527 o.·00274 
18 2PZ (0) 0. 00000 0. 00000 0.00000 0. 00000 0. 00000 
19 3 c lS 0.79698 0. 55871 0. 15227 -0. 05420 -0.02699 
20 2S C I ) 0. 08118 0. 05723 0.01604 -o. 00213 -0. 00176 
21 2PX < I> -0.00139 -0.00007 0. 00007 -0. 00106 -0.00037 
22 2PY c I> -0. 00046 -o. 00085 0.00076 0. 00017 0. 00097 
23 2PZ c I > 0. 00000 0.00000 0. 00000 0. 00000 0. 00000 
24 28 c 0) -o. 07016 -o. 06268 -0.03269 -0. 02326 0. 00133 
25 2PX ( O> 0. 01486 0.01845 0. 01455 0. 01572 0. 00120 
26 2PY ( Q.) 0.00524 0. 01192 0. 00764 -0.00349 -o. 00537 
27 2PZ ( 0) 0. 00000 0. 00000 0. 00000 0. 00000 0. 00000 
28 4 c lS -0.00900 -o. 00911 -0.01964 0. 00458 0. 00797 
29 28 C I > -0.00384 -0.00333 -0. 00701 0. 00047 0. 00176 
30 2PX C I > 0. 00033 0. 00023 0.00163 -0. 00012 -0.00017 
31 2PY C I > -0. 00113 -0.00099 -0. 00001 0.00077 0. 00036 
32 2PZ < I > 0.00000 0. 00000 0.00000 0. 00000 0. 00000 
33 2S ( 0) 0. 02260 0. 02573 0. 04640 0. 00599 -0. 00703 
34 2PX c 0) -0. 00700 -0.00922 -0.02681 -0. 00597 0. 00252 
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35 2PY ( 0) 0. 01300 0.01483 0.00618 0. 00113 -0.00408 
36 2PZ ( O> 0. 00000 0. 00000 0. 00000 0.00000 0. 00000 
37 5 c 18 -o. 58138 0. 77835 0. 16320 -0.05458 -o. 02716 
38 28 C I > -0.05912 0.07958 0.01716 -o. 00216 -0.00178 
39 2PX < I > -0.00130 0. 00050 -0.00005 0. 00106 0. 00037 
40 2PY < I > 0.00019 -o. 00095 0.00075 0. 00017 0. 00097 
41 2PZ < I > 0. 00000 0. 00000 0. 00000 0. 00000 0.00000 
42 28 CO> 0. 04671 -0.08130 -0.03362 -0.02324 0.00133 
43 2PX ( O> 0.00818 -0. 02212 -o. 01474 -o. 01572 -0. 00120 
44 2PY ( 0) -o. 00115 0. 01293 0. 00769 -0. 00349 -0.00539 
45 2PZ (0) 0.00000 0. 00000 0. 00000 0.00000 0. 00000 
46 6 c 18 0.00542 -0. 01139 -0.01970 0. 00457 0. 00794 
47 2S < I > 0. 00250 -o. 00434 -0.00705 0.00047 0.00176 
48 2PX < I > 0. 00021 -0. 00032 -0.00163 0.00012 0.00017 
49 2PY < I > 0. 00077 -0. 00130 -0.00002 0. 00077 0. 00036 
50 2PZ < I> 0. 00000 0. 00000 0.00000 0. 00000 0. 00000 
51 28 ( 0) -0.01277 0. 03137 0.04668 0. 00599 -0. 00703 
52 2PX ( 0) -0.00337 0.01088 0.02689 0. 00597 -0. 00251 
53 2PY (0) -0.00765 0. 01812 0.00634 0. 00113 -0.00409 
54 2PZ <O> 0.00000 0. 00000 0.00000 0.00000 0.00000 
55 7 c 18 -0. 00351 -0.02211 -0.00676 0. 18741 -0.96823 
56 2S < I > -0.00049 -o. 00305 -0.00099 0.02149 -0.09492 
57 2PX < I > -0.00026 0.00004 0. OOOOG 0. 00000 0. 00000 
58 2PY <I> 0. 00000 0.00001 -o .. 00019 -0. 00126 -o. 00004 
59 2PZ < I > 0. 00000 0.00000 0. 00000 0.00000 0. 00000 
60 28 ( 0) 0.00217 0. 01321 0. 00780 -0.03174 0. 06006 
61 2PX (Q) -0.00395 0. 00063 0. 00003 0. 00000 0. 00000 
62 2PY (0) -0.00096 -0.00585 -0.00332 0. 01148 -o. 00453 
63 2PZ < O> 0.00000 0.00000 0.00000 0. 00000 0.00000 
64 8 H 18 C I> -o. 00004 -0.00011 -0.00273 -0. 00008 0.00025 
65 18 <D> -o. 00052 -0. 00350 0.00501 -o. 00172 0. 00041 
66 9 H 18 (I) 0.00000 0. 00029 0. 00018 0. 00049 -0.00005 
67 18 (0) 0. 00298 0.00378 0. 00630 0. 00090 -0.00140 
68' 10 H 18 < I > -0.00172 -0.00183 -0. 00103 0. 00053 0.00046 
69 18 (Q) 0.00567 0.00159 -0.00125 -0. 00309 0. 00054 
70 11 H 18 < I > 0. 00009 0. 00028 0.00018 0. 00049 -0. 00005 
71 18 ( 0) -0.00156 0.00450 0.00634 0. 00089 -0.00140 
72 12 H 18 C I > 0.00105 -0. 00227 -0.00105 0. 00053 0.00046 
73 18 ( 0) -0.00491 0. 00328 -0. 00117 -0. 00310 0. 00054 
74 13 H 18 < I> 0. 00046 -0. 00026 -o. 00011 0.00056 0.00184 
75 18 (Q) 0. 00077 -0. 00009 -0.00005 0. 00242 -0.01216 
76 14 H 18 < I> -0.00052 -0. 00011 -0.00010 0. 00056 0.00184 
77 18 (0) -o. 00076 0. 00016 -0.00004 0. 00242 -o. '01216 

6 7 8 9 10 
(A I} (A I) (A I) (A I ) (A I ) 

EIGENVALUES -- -11. 16602 -11. 16588 -1. 15369 -1. 05111 -1. 01716 
1 1 c 18 0.00093 0.00660 -o. 10472 0. 11325 0.00003 
2 28 ( I > 0.00017 0. 00125 0. 11827 -0. 12264 -o. 00003 
3 2PX ( I ) -0. 00058 0. 00009 -0.00003 0. 00005 -0. 10791 
4 2PY < I > 0.00012 0. 00089 -0. 03421 -0. 06305 0. 00000 
5 2PZ < I > 0. 00000 0. 00000 0.00000 0. 00000 0. 00000 
6 28 ( 0) -0. 00276 -o. 01987 0. 14542 -o. 21521 -0.00004 
7 2PX ( 0) -0.00414 0. 00059 0. 00000 0. 00002 -0.00556 
8 2PY ( O> 0. 00154 0. 01105 0.03989 -0. 00307 -0.00004 
9 2PZ <O> 0. 00000 0. 00000 0.00000 0. 00000 0. 00000 

10 2 c 18 0.00315 0. 02245 -0. 09290 -0. 12685 -0.00002 
11 2S < I > -0. 00051 -0. 00371 0. 10054 0. 13475 0. 00002 
12 2PX < I > -0.00111 0. 00015 -0.00001 -0. 00001 -0. 08486 
13 2PY (I) -0.00023 -0. 00164 0.05268 0. 034i9 0. 00000 
14 2PZ < I > 0.00000 0. 00000 0. 00000 0. 00•:100 0. 00000 
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15 25 (Q) 0. 00679 0. 04893 0.23400 0. 32466 0. 00002 
16 2PX (Q) 0. 01445 -0.00201 -0.00001 0.00000 -0. 01288 
17 2PY (Q) 0. 00405 0. 02920 0.04262 0. 02065 -o. 00002 
18 2PZ (0) 0.00000 0. 00000 0.00000 0. 00000 0.00000 
19 3 c 15 0.00881 0.01323 -0. 10281 0.02864 0. 13252 
20 28 < I > -0.00220 -0.00219 0. 11124 -0. 03036 -o. 13948 
21 2PX ( I > 0. 00022 0.00067 -0.04804 0. 02915 -o. 00758 
22 2PY < I > 0.00115 0.00108 -0. 02111 -0.07136 0.04916 
23 2PZ < I > 0. 00000 0. 00000 0. 00000 0. 00000 0.00000 
24 28 ( 0) 0.02477 0. 03093 0.26055 -0.07533 -0.35505 
25 2PX ( 0) -o. 00746 -0.01306 -0.03970 0. 00347 0.01177 
26 2PY (0) -o. 01173 -0.01512 -0.02772 -o. 00345 0.01556 
27 2PZ (Q) 0. 00000 0. 00000 0. 00000 0. 00000 0. 00000 
28 4 c 18 0. 78747 o. 59536 -0. 08455 -0. 06843 0. 10286 
29 28 ( I > 0.07892 0. 05985 0. 09864 0. 07419 -0. 11210 
30 2PX ( I > -0.00152 0. 00013 -0.04574 -0. 05203 -0.00586 
31 2PY C I > 0. 00029 0. 00070 0.03096 -0.03630 -0.06423 
32 2PZ < I > 0. 00000 0.00000 0.00000 0. 00000 0. 00000 
33 28 CD> -0.06577 -0. 06640 0.09105 0. 13326 -o. 20117 
34 2PX ( D> 0.01328 0.01826 0.01914 -0.00375 0. 00027 
35 2PY (Q) -0.00678 -o. 01194 -0.01474 0. 00884 -0.00193 
36 2PZ (Q) 0.00000 0. 00000 0.00000 0. 00000 0. 00000 
37 5 c 18 -0.00484 0.01513 -0 .. 10284 0.02869 -o. 13247 
38 28 < I > 0.00152 -0.00271 0. 11128 -o. 03042 0. 13944 
39 2PX C I > 0.00003 -o. 00070 0. 04805 -0. 02916 -0. 00759 
40 2PY C I > -0.00081 0. 00135 -0.02111 -0. 07138 -0. 04918 
41 2PZ C I > 0.00000 0.00000 0. 00000 0. 00000 0.00000 
42 28 ( Q) -0.01541 0. 03651 0.26060 -0. 07544 0. 35485 
43 2PX ( 0) -0.00362 0.01460 0.03970 -0. 00347 0.01171 
44 2PY ( 0) 0.00717 -o. 01774 -o. 02768 -0. 00345 -0.01551 
45 2PZ <O> 0. 00000 0.00000 0.00000 0.00000 0. 00000 
46 6 c 18 -o. 59555 0. 78733 -o. 08457 -0.06842 -o. 10286 
47 28 < I > -0.05964 0.07909 0. 09867 0. 07418 0. 11210 
48 2PX < I > -0. 00150 0. 00029 0.04575 0.05204 -0.00586 
49 2PY ( I > -o. 00009 0. 00075 0. 03097 -0. 03633 0.06420 
50 2PZ C I> 0. 00000 0.00000 0.00000 0. 00000 0. 00000 
51 28 ( D> 0.04520 -0.08181 0.09111 0. 13325 0. 20127 
52 2PX CO> 0. 00781 -o. 02118 -0.01914 0. 00374 0. 00030 
53 2PY ( 0) 0. 00327 -0.01333 -0.01471 0. 00883 0.00197 
54 2PZ ( 0) 0. 00000 0. 00000 0.00000 0. 00000 0. 00000 
55 7 c 18 0.00125 0. 00887 -0.04992 0. 12665 0. 00001 
56 28 C I ) -0.00001 -0.00010 0.05754 -o. 13533 -0.00001 
57 2PX < I > -o. 00037 0. 00005 0. 00000 -0. 00001 -0. 01952 
58 2PY C I > 0.00006 0. 00044 -0.03945 0. 06209 0. 00000 
59 2PZ C I > 0. 00000 0. 00000 0.00000 0. 00000 0. 00000 
60 28 ( 0) -0.00015 -0. 00102 0.08465 -o. 32823 -o. 00001 
61 2PX (Q) 0. 00377 -0.00053 -o. 00001 0. 00000 -o. 00995 
62 2PY ( D> -o. 00023 -0. 00165 0. 00861 0. 02012 -o. 00001 
63 2PZ CO> 0. 00000 0.00000 0.00000 0.00000 0. 00000 
64 8 H 18 < I > 0.00001 0.00004 0.03268 0. 05898 0. 00001 
65 18 ( 0) 0.00106 0.00767 0.00143 0. 00648 -0.00001 
66 9 H 18 < I > -0.00168 -o. 00183 0.02965 0. 03218 -0.05532 
67 18 ( 0) 0.00534 0. 00275 -0.01231 0. 00574 -0. 01061 
68 10 H 18 C I) -0.00020 0.00021 0.03792 -0. 02009 -o. 07008 
69 18 ( 0) 0.00275 0. 00485 0. 00450 -o. 00658 -0. 01199 
70 11 H lS ( !) 0. 00112 -o. 00222 0. 02967 0. 03218 0. 05534 
71 18 CD> -0.00439 0. 00410 -0.01231 0. 00574 0. 01063 
72 12 H lS < I > 0. 00025 0.00015 0. 03793 -0. 02011 0. 07005 
73 lS ( 0) -0.00132 0. 00542 0. 00449 -o. 00658 0. 01196 
74 13 H 18 (I> -0.00053 -o. 00011 0. 01985 -0.05869 -0. 00591 
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75 18 (0) -0.00117 0. 00104 -0.00419 -o. 00015 -o. 00366 
76 14 H 18 < I > 0. 00048 -0.00025 0. 01985 -0. 05870 0. 00590 
77 18 (Q) 0.00141 0. 00068 -0. 00420 -0.00015 0.00366 

11 12 13 14 15 
(A I ) (A I ) (A I) (A I) (A I) 

E IGENVALUE8 -- -0.94319 -0. 82281 -0.79097 -0. 70396 -0.64537 
1 1 c 18 0. 00687 0.00000 -0. 10860 -0.01343 0. 00001 
2 28 C I > -0.00773 -0. 0000.1 0. 11292 0. 01148 -0.00002 
3 2PX ( I > -o. 00001 0. 16153 -0.00001 -0. 00003 0. 18347 
4 2PY < I > 0. 15132 0. 00003 -0.06686 0.08819 0. 00001 
5 2PZ < I> 0.00000 0.00000 0. 00000 0.00000 0. 00000 
6 28 (Q) -0.01322 0. 00003 0. 32976 0. 05559 0.00000 
7 2PX ( Q) -0.00006 0.05480 0. 00001 -0.00001 0. 11651 
8 2PY (Q) 0. 00812 -o. 00001 -0.04328 0.04694 -0.00012 
9 2PZ ( 0) 0. 00000 0.00000 0.00000 0. 00000 0. 00000 

10 2 c 18 -0. 11380 0. 00001 -0.06961 -0.02976 -0. 00002 
11 28 < I > 0. 11748 -0.00001 0.07051 0.02476 0.00002 
12· 2PX < I > 0.00000 -o. 19408 -0.00003 0.00001 0.20044 
13 2PY < I > -o. 01580 0.00000 -0.03869 -o. 21876 -0. 00003 
14 2PZ < I > 0. 00000 0.00000 0. 00000 0.00000 0. 00000 
15 28 ( Q) 0. 34017 -0.00007 0.25358 0. 12876 0. 00006 
16 2PX ( Q) 0. 00002 -o. 08425 -o. 00002 0.00000 0. 12078 
17 2PY ( Q) 0. 00895 -0.00002 -0.00576 -o. 15369 -0.00006 
18 2PZ ( Q) 0.00000 0.00000 0.00000 0. 00000 0. 00000 
19 3 c 18 0.08508 -0.07619 0.02128 -0.02535 0. 01902 
20 28 < I > -o. 08783 0.07670 -0.02010 0.02135 -0.01856 
21 2PX ( I > 0.01174 -o. 00340 -o. 14279 0. 13351 -o. 08583 
22 2PY < I> 0.01970 0. 11800 0. 12009 0. 11867 0. 17581 
23 2PZ < I > 0. 00000 0. 00000 0.00000 0. 00000 0. 00000 
24 28 ( 0) -0.25352 0.26953 -0.08615 0. 10442 -0.07599 
25 2PX (0) 0.01701 -0.00989 -0.06463 0. 10173 -0.04657 
26 2PY ( Q) 0.01479 0.04445 0. 04880 0.07600 0. 10261 
27 2PZ ( Q) 0. 00000 0. 00000 0. 00000 0. 00000 0.00000 
28 4 c 1S -0.00680 0. 10385 0.06477 0. 01557 -0. 00789 
29 28 < I > 0. 00830 -0. 10822 -0.06696 -0. 01974 0.00740 
30 2PX < I > -0.05134 0. 00204 -o. 10493 0. 11686 -0. 06592 
31 2PY < I > -o. 09952 0. 08393 -o. 06850 -0. 08161 -o. 18850 
32 2PZ < I > 0. 00000 o. 00000 0.00000 0.00000 0. 00000 
33 28 ( 0) 0.00870 -0.30043 -0. 19669 -0.03074 0.03307 
34 2PX ( Q) 0. 00025 0. 00779 -0.03882 0.06724 -0.03012 
35 2PY ( 0) -0.01939 0.01850 -0. 02042 -o. 04595 -o. 10027 
36 2PZ (0) 0. 00000 0. 00000 0.00000 0. 00000 0. 00000 
37 5 c lS 0.08509 0. 07618 0.02129 -0.02535 -0. 01904 
38 28 < I > -0.08785 -0.07669 -0.02011 0. 02135 0.01860 
39 2PX ( I > -0.01174 -o. 00344 0. 14282 -o. 13351 -0. 08588 
40 2PY < I > 0.01974 -o. 11799 0. 12010 0. 11868 -o. 17581 
41 2PZ < I > 0. 00000 0. 00000 0. 00000 0. 00000 0.00000 
42 2S (0) -0.25359 -o. 26952 -0.08618 0. 10446 0.07593 
43 2PX (0) -0.01704 -0.00995 0.06467 -0. 10173 -0.04674 
44 2PY ( 0) 0.01472 -0. 04445 0.04881 0. 07600 -0. 10250 
45 2PZ (0) 0. 00000 0.00000 0.00000 0. 00000 0. 00000 
46 6 c 18 -0.00678 -o. 10384 0.06475 0. 01558 0.00793 
47 28 C I) 0. 00828 0. 10821 -0.06694 -0. 01976 -0.00745 
48 2PX < I > 0.05136 0.00201 0. 10497 -0. 11689 -0.06583 
49 2PY < I> -o. 09955 -o. 08394 -0.06853 -0. 08162 0. 18856 
50 2PZ < I > 0. 00000 0. 00000 0. 00000 0. 00000 0. 00000 
51 2S ( Q) 0. 00862 0. 30045 -0. 19662 -0. 03080 -o. 03309 
52 2PX (Q) -0.00023 0. 00780 0.03883 -0. 06726 -0. 02998 
53 2PY (Q) -0.01945 -0. 01851 -o. 02043 -0. 04596 0. 10039 
54 2PZ ( 0) 0. 00000 0. 00000 0.00000 0. 00000 0.00000 
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55 7 c 18 -0. 14823 -0.00002 0. 07158 0. 03018 -0.00001 
56 28 < I > 0. 15287 0. 00002 -0.07001 -0.02604 0.00000 
57 2PX < I > 0. 00000 0. 05746 0 .. 00004 0. 00001 0.22108 
58 2PY < I > -o. 00273 0.00003 -0. 11908 -0. 10740 0. 00009 
59 2PZ < I > 0. 00000 o. 00000 0.00000 0.00000 0. 00000 
60 28 <D> 0.45180 0. 00008 -0.25456 -0. 12631 0. 00011 
61 2PX (Q) 0.00002 0. 03764 0.00001 0. 00000 0. 16541 
62 2PY (Q) -0.01257 0. 00001 -0.05455 -0.06161 0. 00002 
63 2PZ ( 0) 0. 00000 0. 00000 0. 00000 0.00000 0.00000 
64 8 H 18 < I > 0.07748 -0.00001 0.07084 0. 14459 0.00004 
65 18 (Q) 0.02323 -0.00001 0.03402 0. 08242 0.00001 
66 9 H 18 ( I > 0. 00731 -o. 10313 -0.08337 0. 06931 0.03245 
67 18 <O> -0.00009 -0.05437 -0.04531 0. 05157 0.02396 
68 10 H 18 ( I> -0.04423 0. 08116 -o. 04763 0. 11653 -0.00548 
69 18 (0) -0.00989 0. 03648 -0.02702 0. 06405 0. 00051 
70 11 H 19 ( I > 0. 00730 o. 10316 -0.08336 0.06932 -0.03256 
71 18 ( 0) -0.00009 0. 05438 -o. 04530 0. 05156 -0.02401 
72 12 H 18 < I > -o. 04423 -o. 08112 -0.04767 0. 11653 0.00556 
73 18 (0) -0.00988 -o. 03646 -0.02704 0.06405 -o. 00()52 
74 13 H 18 ( I > 0. 08947 0. 02336 -0.08199 -0. 05166 0. 11342 
75 18 ( 0) 0.01533 0. 01226 -0.03818 -0.02736 0.07800 
76 14 H 18 < I > 0. 08948 -0. 02333 -0.08202 -o. 05166 -o. 11338 
77 1S (0) 0.01535 -o. 01224 -0.03819 -0. 02736 -o. 07796 

16 17 18 19 20 
(A I) (A I) (A I) (A ' ) (A"> 

EIGENVALUES -- -0. 64003 -0. 59014 -o. 58356 -o. 5576·1 -0. 52603 
1 1 c 18 -o. 07224 0.00001 -0.01321 0. 00002 0. 00000 
2 28 < I> 0.07503 -o. 00001 0.01396 -0.00002 0.00000 
3 2PX < I > 0. 00003 -0. 10479 0.00002 -0.07882 0. 00000 
4 2PY < I > 0. 10841 0. 00008 -o. 24732 -o. 00007 0. 00000 
5 2PZ < I> 0. 00000 0.00000 0.00000 0. 00000 -0. 16709 
6 28 (Q) 0.23599 -0. 00002 0.01690 -0.00013 0. 00000 
7 2PX ( Q) -0.00007 -o. 07664 0.00010 -o. 10477 0. 00000 
8 2PY (Q) 0. 12121 0. 00002 -o. 17334 0.00000 0. 00000 
9 2PZ ( Q) 0. 00000 o. 00000 0.00000 0. 00000 -0. 13431 

10 2 c 18 0.05312 -0. 00001 0.02331 0. 00000 0. 00000 
11 28 < I > -0.05625 0. 00001 -0.02803 0.00000 0.00000 
12 2PX ( I ) 0.00003 -o. 10745 0.00002 -0. 17448 0. 00000 
13 2PY ( I > 0.05408 0. 00012 -0.24652 -0.00015 0. 00000 
14 2PZ < I > 0. 00000 0. 00000 0.00000 0. 00000 -o. 17851 
15 28 ( Q) -0; 17379 -0.00001 -0.05485 0. 00003 0. 00000 
16 2PX ( Q) 0.00004 -0.06086 -o. 00001 -o. 11310 0.00000 
17 2PY (0) 0. 08204 0. 00007 -0.20987 -0.00015 0.00000 
18 2PZ (0) 0. 00000 0. 00000 0.00000 0. 00000 -0. 18162 
19 3 c 18 0. 05053 0. 02002 -0.00800 0.01815 0.00000 
20 28 < I > -0.05238 -0. 02482 0. 00971 -0. 01732 0. 00000 
21 2PX < I > -0.08282 0. 19738 -0. 14843 0. 00884 0. 00000 
22 2PY < I> -0. 03542 0. 11341 -0.02126 -0. 15244 0. 00000 
23 2PZ ( I > 0. 00000 0.00000 0. 00000 0.00000 -0.21531 
24 28 (Q) -0. 16516 -o. 03714 0.01064 -0. 05302 0.00000 
25 2PX ( Q) -0. 09382 0. 16099 -0. 12223 -0.02934 0. 00000 
26 2PY ( 0) -0.06419 0.09657 -0.01917 -o. 09807 0. 00000 
27 2PZ ( 0) 0. 00000 0. 00000 0. 00000 0. 00000 -0. 22016 
28 4 c 18 -0. 05751 0. 01682 0.00714 -0. 00950 0. 00000 
29 28 < I > 0. 06057 -0. 02"020 -0. 00948 0. 01035 0. 00000 
30 2PX < I > 0. 11805 0. 18329 0. 12855 0.09908 0. 00000 
31 2PY < I ) -0.06570 -0. 10984 0. 00089 0. 12393 0. 00000 
32 2PZ ( I> 0. 00000 0. 00000 0.00000 0. 00000 -0. 12106 
33 29 ( 0) 0. 16745 -0. 01997 0.00412 0. 03337 0. 00000 
34 2PX ( 0) 0. 11497 o.~ 13912 0.09018 0. 08024 0. 00000 
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35 2PY (Q) -o. 07254 -0. 07616 -0.00583 0. 06955 0.00000 
36 2PZ ( 0) 0. 00000 0. 00000 0. 00000 0. 00000 -o. 09841 
37 5 c 18 0. 05052 -0.02001 -0.00801 -o. 01820 0.00000 
38 28 < I ) -0.05237 0. 02482 0. 00973 0."01736 0. 00000 
39 2PX ( I ) 0.08278 0. 19725 0. 14857 0.00885 0. 00000 
40 2PY C I > -0. 03544 -0. 11335 -0.02145 0. 15232 0. 00000 
41 2PZ ( I > 0. 00000 0. 00000 0. 00000 0. 00000 -0.21534 
42 28 . ( D> -o. 16521 0. 03702 0.01070 0. 05328 0. 00000 
43 2PX ( 0) 0.09374 0. 16084 0. 12240 -o. 02926 0.00000 
44 2PY < O> -0. 06425 -o. 09646 -0.01923 0.09796 0. 00000 
45 2PZ ( D> 0.00000 0. 00000 0. 00000 0.00000 -0.22018 
46 6 c 18 -0.05750 -o. 

0

01684 0.00712 0. 00954 0. 00000 
47 25 ( I ) 0. 06056 0.02022 -o. 00946 -0.01039 0.00000 
48 2PX < I> -0. 11807 0. 18336 -o. 12848 0.09905 0. 00000 
49 2PY C I > -0.06566 0. 10981 0.00107 -o. 12377 0. 00000 
50 2PZ < I > 0. 00000 0.00000 0.00000 0. 00000 -0. 12109 
51 25 ( D> 0. 16743 0.02010 0. 00416 -0.03353 0. 00000 
52 2PX ( Q) -0. 11494 0. 13920 -0.09014 0.08023 0.00000 
53 2PY ( O> -o. 07254 0. 07619 -0.00568 -0.06945 0.00000 
54 2PZ ( 0) 0. 00000 0. 00000 0.00000 0. 00000 -0.09843 
55 7 c 15 0. 00921 0.00000 0.00065 0. 00000 0. 00000 
56 25 ( I > -0. OOH10 0.00001 -0.00943 o. 00000 0.00000 
57 2PX < I> 0. 00021 -o. 00147 -0.00014 b. 30810 0. 00000 
58 2PY < I > -0.21440 -0.00007 0. 22934 0.00015 0.00000 
59 2PZ < I > 0. 00000 0. 00000 0. 00000 0. 00000 -o. 15822 
60 25 ( 0) -o. 10241 0.00001 0. 04992 -0. 00001 0. 00000 
61 2PX (Q) 0.00017 0. 01151 -0.00013 0.30237 0.00000 
62 2PY ( 0) -0. 10718 -0.00005 0. 14741 0. 00013 0.00000 
63 2PZ ( 0) 0. 00000 0.00000 0.00000 0. 00000 -0. 16091 
64 8 H 15 < I > -0.08227 -o. 00007 0. 13901 0. 00011 0.00000 
65 18 (Q) -0.03617 -0.00005 0. 10284 0.00008 0. 00000 
66 9 H 15 < I > 0. 14783 0. 13305 0.07137 0. 02903 0.00000 
67 15 (0) 0.09400 0. 11051 0.06001 0. 01879 0. 00000 
68 10 H 15 < I > -0. 10218 0. 12883 -0.08350 -0.05963 0.00000 
69 18 (0) -0.05152 0. 09583 -0.05895 -0.03389 0. 00000 
70 11 H 15 < I > 0. 14783 -o. 13307 0.07128 -0.02912 0.00000 
71 18 (0) 0. 09399 -o. 11050 0.05992 -0. 01885 0. 00000 
72 12 H 15 < I ) -0. 10216 -o. 12875 -0.08362 0. 05960 0. 00000 
73 18 ( Q) -0.05152 -0.09580 -0.05904 o. 03389 0. 00000 
74 13 H 18 < I > -o. 07508 0. 00330 0.07241 0. 17899 0. 00000 
75 18 ( Q) -0.06225 0.00326 0.05829 o. 12863 0. 00000 
76 14 H 18 < I > -0.07526 -0.00334 0.07252 -0. 17893 0. 00000 
77 18 ( Q) -0.06236 -0. 00329 0. 05834 -o. 12856 0. 00000 

21 22 23 24 25 
(A I) (A I) <A") (A II) (A") 

EIGENVALUES -- -0. 50286 -o. 47986 -0.42242 -0. 37435 -o. 31532 
1 1 c 18 0. 00613 0. 00001 0.00000 0. 00000 0. 00000 
...., . 

"' 28 < I > -o. 00476 -o. 00001 0.00000 0. 00000 0.00000 
3 2PX < I > -o. 00007 -o. 23350 0. 00000 0. 00000 0. 00000 
4 2PY < I > 0. 17636 -0. 00009 0.00000 0. 00000 0. 00000 
5 2PZ < I ) 0. 00000 0. 00000 0. 13555 -0.00001 -0.04929 
6 25 (Q) -0.02669 -0.00006 0. 00000 0. 00000 0.00000 
7 2PX <O> -0.00015 -0.21443 0. 00000 0.00000 0. 00000 
8 2PY ( Q) 0.20842 -0. 00009 0. 00000 0. 00000 0. 00000 
9 2PZ ( 0) 0.00000 0. 00000 0. 12368 -0.00002 -0. 05479 

10 2 c 18 0.00315 0.00000 0. 00000 0.00000 0. 00000 
11 25 < I > -o. 00423 0. 00000 0. 00000 0. 00000 0.00000 
12 2PX C I > 0.00009 0. 21211 0. 00000 0. 00000 0. 00000 
13 2PY < I > -0.20542 0. 00005 0. 00000 0. 00000 0. 00000 
14 2PZ < I ) 0. 00000 0. 00000 -0. 28844 0. 00005 0.27060 
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15 28 (Q) -o. 01652 -o. 00001 0.00000 0. 00000 0.00000 
16 2PX ( 0) 0. 00004 o. 15430 0. 00000 0. 00000 0. 00000 
17 2PY (Q) -0.24578 o. 00004 0.00000 0.00000 0. 00000 
18 2PZ ( D> 0. 00000 0. 00000 -o. 33200 0. 00006 0. 35811 
19 3 c 1S -0.00757 0. 01013 0. 00000 0. 00000 0.00000 
20 2S < I > 0. 00973 -0. 01148 0.00000 0. 00000 0. 00000 
21 2PX < I > 0.01649 0.20531 0.00000 0. 00000 0. 00000 
22 2PY < I > -0. 22045 -0.04779 0.00000 0. 00000 0. 00000 
23 2PZ < I > 0. 00000 o. 00000 0.01406 -0. 31501 -0.21365 
24 2S (0) 0.03394 -o. 02505 0.00000 0. 00000 0. 00000 
25 2PX (Q) -0. 02805 o. 20911 0.00000 0. 00000 0.00000 
26 2PY (Q) -o. 19156 0.02662 o. 00000 0. 00000 0.00000 
27 2PZ ( 0) 0. 00000 0. 00000 0.01664 -o. 38227 -0.27815 
28 4 c 1S 0.00218 -0.00654 0. 00000 0. 00000 0. 00000 
29 2S < I > -0.00076 0. 00667 0.00000 0. 00000 0. 00000 
30 2PX < I > 0. 01109 -o. 1823:2 0. 00000 0. 00000 0.00000 
31 2PY ( I > 0. 21234 0.00650 0.00000 0.00000 0. 00000 
32 2PZ < I > o. 00000 0.00000 -o. 10445 -0. 14368 0.02252 
33 28 (0) -0. 02059 0.03064 0.00000 0. 00000 0.00000 
34 2PX ( Q) -o. 03864 -0. 19194 0.00000 0. 00000 0. 00000 
35 2PY ( 0) 0. 15289 0. 05343 0.00000 0.00000 0.00000 
36 2PZ ( D> 0. 00000 0. 00000 -o. 10062 -0. 14620 0.01791 
37 5 c 18 -o. 00756 -0.01013 0.00000 0.00000 0.00000 
38 2S < I > 0. 00973 o. 01150 0.00000 0.00000 0.00000 
39 2PX < I > -0.01632 0.20532 0. 00000 0.00000 0.00000 
40 2PY < I > -0.22053 o. 04794 0. 00000 0. 00000 0. 00000 
41 2PZ < I> 0. 00000 0.00000 0.01411 0. 31491 -0. 21374 
42 2S ( D> 0.03370 0. 02501 0.00000 0.00000 0.00000 
43 2PX ( D> 0.02817 0.20909 0. 00000 0. 00000 0.00000 
44 2PY (0) -0. 19167 -0.02644 0.00000 0. 00000 0.00000 
45 2PZ (0) 0.00000 0.00000 0.01671 0.38215 -0.27827 
46 6 c 1S 0. 00216 0.00653 o. 00000 0. 00000 0.00000 
47 2S < I > -0.00075 -0. 00668 0. 00000 0.00000 0. 00000 
48 2PX C I > -0.01123 -o. 18231 0.00000 0.00000 0. 00000 
49 2PY C I > 0.21242 -0.00662 0. 00000 0. 00000 0. 00000 
50 2PZ C I > 0. 00000 0. 00000 -o. 10445 0. 14370 0.02247 
51 2S (Q) -0.02052 -0.03054 0. 00000 0. 00000 0. 00000 
52 2PX ( D> 0.03854 -0. 19193 0.00000 0. 00000 0. 00000 
53 2PY (Q) 0. 15297 -0. 05348 0.00000· 0. 00000 0. 00000 
54 2PZ < o > 0.00000 0.00000 -0. 10062 0. 14621 0. 01786 
55 7 c 1S -0.02436 o. 00001 0. 00000 0. 00000 0.00000 
56 2S < I > 0. 03150 -o. 00001 o. 00000 0. 00000 0. 00000 
57 2PX ( I ) -o. 00004 0. 08542 0.00000 0. 00000 0.00000 
58 2PY ( I ) -0. 18627 0. 00010 0.00000 0.00000 0.00000 
59 2PZ < I > 0. 00000 0. 00000 0. 32918 0. 00001 0. 31133 
60 2S ( 0) 0. 02681 -o. 00001 0. 00000 0. 00000 0. 00000 
61 2PX ( 0) -o. 00002 o. 11163 0.00000 0. 00000 0. 00000 
62 2PY (Q) -o. 10789 0. 00008 0.00000 0.00000 0. 00000 
63 2PZ ( 0) 0. 00000 0.60000 0. 38970 0. 00001 0. 41658 
64 8 H 1S < I > o. 15439 -o. 00005 0.00000 0.00000 0.00000 
65 lS ( 0) 0. 11382 -o: 00004 0. 00000 0. 00000 0.00000 
66 9 H lS ( I ) -0. 08351 -0. 13271 0.00000 0. 00000 0. 00000 
67 lS (0) -o. 06984 -o. 11558 0. 00000 0.00000 0. 00000 
68 10 H lS ( I ) -o. 06509 0. 11470 0.00000 0. 00000 0. 00000 
69 15 ( 0) -0.04952 o. 09210 0. 00000 0. 00000 0. OO·:>OO 
70 11 H lS (I> -o. 08343 0. 13276 0.00000 0. 00000 0.00000 
71 lS ( 0) -0.06974 0. 11563 0. 00000 0. 00000 0. 00000 
72 12 H lS < I> -0. 06522 . -o. 11466 0. 00000 0. 00000 0. 00000 
73 19 . ( 0) -0. 04963 -0. 09208 0.00000 0. 00000 0. 00000 
74 13 H 19 (I> -0. 04649 0. 06264 0.00000 0. 00000 0. 00000 
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75 18 ( 0) -0.05649 0. 05613 0. 00000 0. 00000 0. 00000 
76 14 H 18 < I> -o. 04640 -0. 06259 0. 00000 0.00000 0. 00000 
77 18 ( 0) -0.05639 -o. 05607 0. 00000 0. 00000 0.00000 

26 27 28 29 30 
(A") (A II) (A,) (A I) (A,> 

EIGENVALUES -- 0. 17016 0. 19832 0. 26220 0. 30002 0. 30917 
1 1 c 18 0. 00000 0. 00000 -0. 01543 0. 01368 -0. 00004 
2 28 < I > 0. 00000 0. 00000 -0.00230 -0.03845 -o. 00001 
3 2PX (I> 0. 00000 0. 00000 0. 00001 -0.00006 0. 05923 
4 2PY ( I ) 0. 00000 0. 00000 0.00961 -0. 02814 -0. 00004 
5 2PZ ( I > -0.00001 0. 30502 0. 00000 0. 00000 0. 00000 
6 2S ( 0) 0. 00000 0. 0000·::> 0. 36584 0.36946 0.00075 
7 2PX ( 0) 0.00000 0.00000 0. 00009 -0.00016 -0.05977 
8 2PY ( Q) 0. 00000 0. 00000 -o. 00981 -o. 35960 -o. 0004gl 
9 2PZ ( Q) -0.00006 0. 71067 0.00000 0. 00000 0.00000 

10 2 c 18 0. 00000 0. 00000 -0. 04884 0. 02109 -0. 00001 
11 28 < I > 0.00000 0.00000 0.02672 0.00775 0. 00001 
12 2PX < I > 0. 00000 0.00000 -o. 00001 -0.00002 0. 04030 
13 2PY < I > 0. 00000 0.00000 -0.09327 0. 09962 0. 00003 
14 2PZ < I > -0.00003 0. 20103 0.00000 0. 00000 0. 00000 
15 28 ( 0) 0. 00000 0. 00000 0. 55713 -o. 59484 0. 00004 
16 2PX ( Q) 0.00000 0. 00000 0.00003 -0.00003 0.03033 
17 2PY ( 0) 0.00000 0.00000 -0.40928 0.23352 -o. 00001 
18 2PZ ( 0) -0. 00004 0. 48823 0.00000 0. 00000 0.00000 
19 3 c 18 0. 00000 0. 00000 -0.05312 -0.01564 -0. 01516 
20 2S C I > 0. 00000 0. 00000 0.03222 0. 01604 -o. 00999 
21 2PX < I > 0.00000 0. 00000 0.07357 0. 02487 0. 16393 
22 2PY < I > 0. 00000 0. 00000 0.04692 0.03293 0. 03493 
23 2PZ (I> -o. 17576 -0. 05114 0. 00000 0. 00000 0.00000 
24 28 (Q) 0. 00000 0. 00000 0. 57549 0.08888 0.48540 
25 2PX (0) 0.00000 0. 00000 0.39521 0. 42413 0. 52828 
26 2PY ( 0) 0. 00000 0. 00000 0. 19924 -0. 02101 0. 27512 
27 2PZ ( O> -0.41007 -0. 14366 0. 00000 0.00000 0. 00000 
28 4 c 18 0. 00000 0.00000 -0. 03301 0. 04150 -0.02907 
29 2S < I > 0.00000 0.00000 0.00866 -0.02579 0.00475 
30 2PX < I ) 0. 00000 0. 00000 0.07641 -0. 05905 0. 10720 
31 2PY ( I > 0. 00000 0. 00000 -0. 06425 0. 00247 -0.03435 
32 2PZ < I > 0.26138 -o. 17050 0.00000 0.00000 0. 00000 
33 28 ( 0) 0.00000 0. 00000 0. 49592 -0. 47377 0. 52836 
34 2PX ( 0) 0. 00000 0.00000 0.20780 -o. 42803 0. 35021 
35 2PY ( 0) 0. 00000 0. 00000 -o. 16917 0. 04893 -0. 15144 
36 2PZ ( O> 0.60392 ...:.o. 40101 0. 00000 0. 00000 0. 00000 
37 5 c 18 0.00000 0. 00000 -0.05313 -o. 01562 0. 01519 
38 2S < I > 0. 00000 0. 00000 0. 03221 0. 01601 0. 01002 
39 2PX < I > 0. 00000 0. 00000 -o. 07362 -0. 02508 0. 16389 
40 2PY < I > 0. 00000 0. 00000 0. 04691 0. 03295 -0. 03494 
41 2PZ < I > 0. 17575 -o. 05110 0.00000 0. 00000 0.00000 
42 2S (Q) 0. 00000 0. 00000 0. 57571 0. 08891 -o. 48611 
43 2PX ( 0) 0. 00000 0. 00000 -0. 39535 -0. 42484 0. 52754 
44 2PY ( 0) 0. 00000 0. OOOO·:J 0. 19930 -0. 02086 -0. 27520 
45 2PZ ( 0) 0. 41009 -o. 14360 0. 00000 0. 00000 0. 00000 
46 6 c 18 0. 00000 0. 00000 -0.03302 0. 04145 0. 02912 
47 28 < I > 0. 00000 0. 00000 0.00865 -0. 02577 -0.00479 
48 2PX < I > 0. 00000 0. 00000 -0. 07641 0. 05891 0. 10723 
49 2PY < I ) 0.00000 0. 00000 -0.06424 0. 00244 0. 03431 
50 2PZ < I > -o. 26132 -0. 17056 0. 00000 0. 00000 0.00000 
51 25 ( 0) 0.00000 0. 00000 0. 49609 -0. 47306 -0. 52889 
52 2PX (0) 0. 00000 0. 00000 -0.20782 0. 42755 0. 35059 
53 2PY ( O> 0.00000 0. 00000 -0. 16923 0. 04883 0. 15168 
54 2PZ ( 0) -0. 60379 -0. 40116 0. 00000 0. 00000 0. 00000 
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55 7 c lS 0. 00000 0. 00000 -0.02562 -0. 12111 -0. 00008 
56 28 < I > 0. 00000 0. 00000 0.00794 o. 04792 0. 00003 
57 2PX < I > 0.00000 0. 00000 -0. 00003 -o. 00010 0. 16500 
58 2PY < I > 0.00000 0. 00000 0.09317 o. 11553 0. 00014 
59 2PZ < I > -0. 00001 -0. 15291 0.00000 0. 00000 0. 00000 
60 28 (Q) 0. 00000 0. 00000 0. 41015 1. 70503 0. 00124 
61 2PX (Q) 0. 00000 0. 00000 -0.00017 -0. 00051 0. 77722 
62 2PY ( 0) 0. 00000 0. 00000 0. 42893 o. 53515 0. 00054 
63 2PZ ( 0) 0.00001 -0. 38195 0.00000 0. 00000 0.00000 
64 8 H 1S < I> 0. 00000 0. 00000 -0.05033 0. 00741 -0.00001 
65 lS (Q) 0. 00000 0. 00000 -0.85999 0. 57512 0.00000 
60 9 H 18 ( I ) 0. 00000 0. 00000 -0.02919 0. 01764 -0. 02116 
67 18 ( 0) 0. 00000 0. 00000 -0.65879 o. 65052 -o. 75272 
68 10 H 18 < I> 0. 00000 0. 00000 -0.03349 0. 03590 -0. 01935 
69 18 ( Q) 0. 00000 0. 00000 -0.84024 -o. 31210 -0. 94939 
70 11 H 18 < I > 0.00000 0. 00000 -0.02918 0. 01760 0.02115 
71 lS (Q) 0. 00000 0.00000 -0.65892 0.64953 0. 75338 
72 12 H 18 < I > 0.00000 0. 00000 -0.03349 0. 03587 0. 01941 
73 18 (0) 0. 00000 0. 00000 -0.84043 -0. 31298 0.94930 
74 13 H 18 < I > 0. 00000 0. 00000 -0.00552 -0.03502 -0.01121 
75 18 ( Q) 0. 00000 0.00000 -0.42119 -1. 11493 -o. 80057 
76 14 H 18 < I > 0.00000 0. 00000 -0.00552 -0. 03506 0. 01115 
77 lS ( Q). 0. 00000 0. 00000 -0.42135 -1. 11594 0. 79894 

BETA MOLECULAR ORBITAL COEFFICIENTS. 
1 2 3 4 5 

(A I) (A I) (A I) (A I ) (A') 

EIGENVALUES -- -11. 19227 -11. 18040 -11. 18028 -11. 16506 -11. 16505 
1 1 c 18 -0. 98711 0. 00088 -0.00530 0. 00246 0. 00346 
2 2S < I > -0. 10086 0. 00022 -0.00136 -0. 00087 -0.00126 
3 2PX < I > 0.00000 -0. 00053 -0. 00009 -o. 00144 0. 00071 
4 2PY < I > 0. 00033 0.00013 -0.00081 0.00040 0. 00051 
5 2PZ < I > 0.00000 0. 00000 0.00000 0. 00000 0.00000 
6 2S ( Q) 0. 09322 -0. 00352 0.02155 0.00840 0.01129 
7 2PX ( Q) -0. 00001 -o. 00459 -o. 00076 0.01938 -0. 00951 
8 2PY ( Q) -0. 00963 0. 00199 -0.01217 -o. 00684 -0.00859 
9 2PZ (Q) 0. 00000 0. 00000 0.00000 0. 00000 0. 00000 

10 2 c 18 0.00248 -o. 00365 0.02249 -0.34084 -0. 76678 
11 2S < I ) 0.00103 -0.00133 0.00817 -o. 03405 -o. 07666 
12 2PX < I > 0. 00000 -0. 00121 -0.00020 -0. 00108 0. 00053 
13 2PY < I > 0. 00024 -0.00028 0.00170 -o. 00070 -0. 00141 
14 2PZ < I > 0.00000 0. 00000 0. 00000 0. 00000 0. 00000 
15 2S (Q) -0.01038 0.00857 -0.05248 0. 02622 0. 06254 
16 2PX ( 0) 0.00000 0. 01409 0. 00230 0. 00072 -o. 00036 
17 2PY ( 0) -0.00634 0. 00488 -0.02988 0. 00481 0. 01323 
18 2PZ ( 0) 0. 00000 0. 00000 0.00000 0. 00000 0. 00000 
19 3 c lS 0.00892 -0. 00940 0.01320 0. 82039 0. 00810 
20 2S (I> 0. 00441 -0. 00411 0.00474 0.08236 0. 00067 
21 2PX < I > -0. 00119 0. 00025 -0.00064 -0. 00134 0. 00041 
22 2PY < I > 0. 00035 0. 00126 -0. 00110 -o. 00083 -0. 00097 
23 2PZ < I ) 0. 00000 0. 00000 0. 00000 0. 00000 0. 00000 
24 2S ( 0) -0. 02972 0.02684 -0. 03282 -0. 07025 0. 00276 
25 2PX (0) 0. 01755 -0.00802 0. 01357 o. 01369 -0.00231 
26 2PY ( 0) -0. 00297 -0. 01199 0. 01516 0. 00526 0. 00196 
27 2PZ ( 0) 0.00000 0. 00000 0.00000 0. 00000 0. 00000 
28 4 c lS 0. 00370 0. 80123 -0. 57612 0. 00458 -0. 00867 
2.9 2S C I > 0. 00012 0. 08131 -o. 05889 -o. 00138 0.00176 
30 2PX < I ) -0.00007 -0.00151 -0.00008 -0. 00008 -0. 00093 
31 2PY < I > 0. 00071 0. 00033 -o. 00071 -0. 00116 -0. 00026 
32 2PZ C I > 0. 00000 0. 00000 0. 00000 0. 00000 0. 00000 
33 2S ( 0) 0. 00881 -0. 06711 0. 06651 o. 01297 -0. 01916 
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34 2PX (0) -0. 00709 0. 01378 -0. 01897 -0.00080 0.01365 
35 2PY (0) 0. 00200 -0. 00726 0. 01213 0. 01380 0. 00190 
36 2PZ (0) 0. 00000 0. 00000 0. 00000 0. 00000 0. 00000 
37 5 c 18 0. 00891 0. 00473 0.01549 -o. 43102 0. 62195 
38 28 < I > 0. 00441 0.00239 0.00580 -0. 04336 0. 06234 
39 2PX < I > 0.00119 0. 00003 0. 00068 -0. 00114 0. 00080 
40 2PY < I > 0. 00035 -0.00085 -o. 00144 -0. 00027 -0. 00125 
41 2PZ ( I > 0. 00000 0. 00000 0.00000 0. 00000 0. 00000 
42 28 ( O> -0.02973 -0. 01500 -0.03967 0. 03727 -0. 04999 
43 2PX (0) -0.01756 -o. 00328 -0.01542 0. 00764 -0. 00815 
44 2PY (0) -0.00297 0.00654 0. 01818 -0. 00011 0. 00460 
45 2PZ (0) 0. 00000 0.00000 0.00000 0. 00000 0. 00000 
46 6 c 18 0.00369 -o. 57621 -0.80117 -0.00752 ·-0. 00275 
47 28 < I > 0. 00012 -0. 05834 -0. 08170 0. 00183 0. 00018 
48 2PX ( I > 0.00007 -o. 00146 -o. 00041 0. 00054 0. 00070 
49 2PY < I > 0. 00071 -o. 00009 -0.00078 0.00041 -o. 00103 
50 2PZ < I > 0. 00000 0. 00000 0. 00000 0. 00000 0.00000 
51 28 ( 0) 0.00881 0. 04246 0. 08441 -0. 01763 -0. 00415 
52 2PX ( 0) 0.00710 0.00703 0. 02237 -0.00851 -0. 00908 
53 2PY ( 0) 0. 00200 0. 00302 0. 01381 -0. 00520 0. 01122 
54 2PZ (0) 0.00000 0. 00000 0.00000 0. 00000 0. 00000 
55 7 c 18 0.00500 -0. 00056 0.00345 -o. 00311 -0. 00471 
56 28 ( I > 0. 00345 -0. 00020 0.00123 -0. 00058 -0. 00086 
57 2PX C I > 0. 00000 -0. 00036 -0. 00006 -0. 00024 0. 00012 
58 2PY ( I) -0.00134 0.00007 -0.00041 0. 00007 0. 00015 
59 2PZ < I > 0. 00000 0. 00000 0. 00000 0. 00000 0. 00000 
60 28 (0) -0.01841 -0. 00013 0.00079 0. 00285 0.00349 
61 2PX ( O> 0.00000 0. 00380 0. 00062 -o. 00378 0. 00185 
62 2PY (0) 0.00964 -o. 00023 0.00140 -0.00139 -0. 00176 
63 2PZ ( O> 0.00000 0. 00000 0. 00000 0. 00000 0. 00000 
64 8 H 18 < I > -0.00015 0. 00003 -0.00016 0. 00063 0. 00156 
65 18 (0) -0.00163 0. 00118 -0. 00721 -0. 00261 -o. 00551 
66 9 H 18 C I > 0. 00047 -0. 00187 0. 00187 0. 00000 0. 00011 
67 18 ( O> 0. 00116 0. 00532 -0.00231 0. 00193 -0. 00276 
68 10 H 18 < I > 0. 00038 -0.00016 -0. 00031 -0. 00154 0. 00000 
69 18 (0) -0.00266 0. 00267 -0.00460 0. 00603 -0.00008 
70 11 H 18 < I > 0. 00047 0. 00118 0. 00237 0. 00011 0. 00005 
71 18 ( O> 0. 00116 -0. 00431 -o. 00388 -0.00251 -o. 00059 
72 12 H 18 < I > 0.00038 0. 00025 -0.00024 0. 00070 -o. 00110 
73 18 (0) -0.00266 -0.00106 -0.00520 -0.00363 0.00466 
74 13 H 18 < I > 0. 00086 -0.00053 0. 00006 0. 00040 -0. 00031 
75 18 ( 0) 0. 00014 -o. 00118 -0. 00088 0.00083 -0.00028 
76 14 H 18 < I > 0. 00086 0. 00048 0. 00022 -0.00052 0. 00014 
77 18 ( 0) 0. 00014 0. 00140 -0.00046 -0.00071 0.00048 

6 7 8 9 10 
(A'> (A') (A'> <A') <A') 

EIGENVALUES -- -11. 16487 -11. 15501 -1. 14801 -1. 03967 -1. 01317 
1 1 c 18 0. 01107 -0.00481 -o. 11481 -0. 14570 -o. 00002 
2 28 C I > -o. 00369 0. 00253 0. 12378 0. 15506 0. 00002 
3 2PX < I > 0. 00010 0.00000 -0.00003 -0. 00005 0. 08220 
4 2PY C I ) 0. 00220 0. 00179 -0.03602 0. 04829 0. 00000 
5 2PZ C I ) 0. 00000 0. 00000 0.00000 0. 00000 0. 00000 
6 28 ( 0) 0.04231 -o. 02185 0. 28855 0. 38321 0. 00006 
7 2PX ( 0) -0.00131 -0. 00001 -0.00002 -0. 00002 0. 03271 
8 2PY ( 0) -0. 03875 -o. 01202 -0. 01127 0. 02991 0. 00001 
9 2PZ ( 0) 0.00000 0. 00000 0.00000 0. 00000 0. 00000 

10 2 c 18 0. 52018 -0. 00156 -0. 08483 0. 10605 0. 00000 
11 28 < I> 0.05244 -0.00019 0. 09754 -0. 11734 -0. 00001 
12 2PX < I > 0. 00007 0. 00000 -0. 00001 0. 00001 0. 1i075 
13 2PY < I > -0. 00011 0. 00014 0. 05581 -0. 03854 0. 00000 
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14 2PZ < I > 0. 00000 0. 00000 0. 00000 0. 00000 0. 00000 
15 28 (Q) -0.06571 0.00345 0. 10737 -0. 18538 0. 00000 
16 2PX ( D> -0. 00005 0. 00000 0. 00000 -o. 00001 0. 00251 
17 2PY (Q) -0. 02482 0. 00303 -0.01176 0. 00691 0. 00001 
18 2PZ (Q) 0. 00000 0. 00000 0.00000 0.00000 0.00000 
19 3 c 18 0. 54940 -0. 00918 -0.09033 -o. 03146 -o. 10224 
20 28 ( I > 0.05538 -0. 00048 0. 10381 0. 03333 0. 11220 
21 2PX < I > 0.00005 -0.00020 -o. 04950 -0. 04410 0.00640 
22 2PY ( I ) -0. 00007 0.00090 -0.02440 0. 08169 -o. 06498 
23 2PZ < I > 0. 00000 0. 00000 0.00000 0.00000 0.00000 
24 29 (Q) -0.06874 0. 00396 0. 11920 0. 07406 0. 18793 
25 2PX ( 0) 0. 02277 -0.00090 0.00712 -o. 01077 0. 00530 
26 2PY (Q) 0.01414 -o. 00412 0. 00011 -0.01082 -0. 00593 
27 2PZ (Q) 0. 00000 0. 00000 0.00000 0. 00000 o.ocooo 
28 4 c 19 0.01909 -o. 00243 -0. 09831 0.08195 -o. 13292 
29 28 < I > -0.00358 0.00066 0. 10744 -0.08602 0. 14028 
30 2PX ( I > 0.00131 -0.00014 -0.04597 0. 04379 0.00679 
31 2PV ( I > -0.00077 0.00022 0.02961 0. 03470 0. 04928 
32 2PZ < I > 0. 00000 0.00000 0. 00000 0. 00000 0. 00000 
33 29 <0) 0. 04898 -o. 00642 0. 23318 -0.23002 0.35659 
34 2PX (Q) -0.02507 0. 00303 -0.02986 0.02345 -o. 01454 
35 2PV ( D> 0.01532 -0. 00384 0.01541 -0.01023 0.01625 
36 2PZ <0) 0. 00000 0. 00000 0.00000 0. 00000 0.00000 
37 5 c 18 0. 63430 -0. 00922 -0.09036 -o. 03149 0. 10221 
38 28 < I> 0.06391 -0. 00048 0. 10384 0. 03337 -0. 11217 
39 2PX < I > 0.00012 0. 00020 0.04952 0. 04411 0. 00642 
40 2PV < I > -0.00010 0. 00090 -0.02440 0. 08170 0.06500 
41 2PZ < I > 0. 00000 0.00000 0.00000 0.00000 0.00000 
42 28 (0) -0.07604 0. 00396 0. 11922 0. 07410 -o. 18786 
43 2PX ( 0) -0.02422 0. 00090 -o. 00713 0. 01077 0.00532 
44 2PY (Q) 0. 01450 -0.00413 0. 00011 -0.01079 0.00591 
45 2PZ ( D> 0.00000 0. 00000 0.00000 0. 00000 0. 00000 
46 6 c 18 0.01994 -o. 00244 -0.09834 0. 08195 0. 13292 
47 28 < I > -0.00379 0. 00066 0. 10747 -0.08602 -0. 14028 
48 2PX C I > -0.00134 o. 00014 0.04597 -0. 04379 0. 00680 
49 2PV ( I > -0.00088 0. 00022 0.02962 0. 03472 -o. 04926 
50 2PZ < I > 0.00000 0. 00000 0.00000 0. 00000 0. 00000 
51 28 ( D> 0.05106 -o. 00642 0.23325 -0. 23000 -0. 35659 
52 2PX ( 0) 0.02571 -0. 00303 0. 02987 -0. 02345 -o. 01455 
53 2PV ( D> 0.01661 -0.00384 0.01541 -0.01020 -o. 01625 
54 2PZ (Q) 0.00000 0. 00000 0.00000 0. 00000 0. 00000 
55 7 c 18 -0.01212 -o. 98704 -0.03870 -0.09368 -0. 00001 
56 28 < I > -0. 00238 -0.09556 0.04654 0. 10462 0.00001 
57 2PX C I> 0.00002 0.00000 0.00001 0. 00001 0.01329 
58 2PV C I > 0. 00000 0. 00018 -0.04085 -0.07424 0. 00000 
59 2PZ ( I > 0.00000 0. 00000 0. 00000 0. 00000 0. 00000 
60 28 (0) 0.01676 0. 06693 0. 04270 0. 15295 0. 00001 
61 2PX ( 0) 0. 00026 0. 00000 0.00000 -0. 00001 -o. 00620 
62 2PY ( 0) -0.00781 -o. 00714 0.01020 -o. 00053 0. 00000 
63 2PZ ( 0) 0. 00000 0. 00000 0.00000 0. 00000 0. 00000 
64 8 H 18 C I > -0.00195 0.00026 0.03019 -0.05217 0. 00000 
65 1S CO) 0. 00140 0.00057 -0.00833 -o. 00509 0.00000 
66 9 H lS ( I) 0. 00020 -0. 00010 0.03474 -0.03940 0. 07071 
67 1S (0) 0.00770 -o. 00152 -0.00083 -o. 00830 0. 01389 
68 10 H 18 ( I ) -o. 00210 0. 00030 0.03382 0. 02164 0. 05603 
69 18 (0) 0. 00083 0. 00089 -0. 00456 0. 01238 0.01129 
70 11 H 18 C I ) 0. 00020 -o. 00010 0. 03475 -0. 03941 -o. 07072 
71 lS ( 0) 0.00800 -0. 00152 -0. 00083 -o. 00829 -0. 01389 
72 12 H 1S < I > -0. 00225 0. 00030 0. 03382 0. 02165 -0.05602 
73 18 ( 0) 0.00148 0.00089 -0. 00457 0. 01238 -0. 01128 
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74 13 H 15 < I > -o. 00036 0. 00141 0. 01651 0. 04631 0. 00516 
75 1S ( 0) 0. 00010 -0.01250 -o. 00078 0.00832 0. 00760 
76 14 H 1S ( I ) -o. 00030 0. 00141 0. 01651 0. 04632 -o. 00515 
77 lS (0) 0. 00021 -0.01250 -0. 00078 0.00831 -o. 00760 

11 12 13 14 15 
(A I) (A I) (A,> (A I ) (A I) 

EIGENVALUES -- -0. 87732 -o. 82079 -o. 78529 -o. 69367 -o. 63995 
1 1 c 19 -0. 01010 -o. 00002 -0.08227 0. 03024 0. 00007 
2 2S < I > 0. 01033 0. 00002 0.08561 -o. 02865 -0. 00008 
3 2PX < I> -o. 00003 0. 20225 -0.00003 0. 00003 0. 20212 
4 2PY ( I > 0. 17699 0. 00002 -o. 11012 -o. 07854 -0.00005 
5 2PZ < I > 0. 00000 0.00000 0.00000 0.00000 0. 00000 
6 2S (0) 0.04142 0. 00010 0.29428 -o. 12415 -0.00022 
7 2PX (0) -o. 00006 0. 11506 -0.00001 0. 00002 0. 15595 
8 2PY (0) 0.09559 0.00000 -0.09553 -0. 03582 -0.00018 
9 2PZ (0) 0.00000 0. 00000 0. 00000 0. 00000 0.00000 

10 2 c lS -o. 10781 -0. 00001 -0.08099 0. 02339 -0. 00008 
11 2S < I > 0. 11347 0. 00001 0.08517 -0.02079 0. 00008 
12 2PX < I > -0.00001 -o. 15383 0.00000 -o. 00001 0. 19528 
13 2PY < I > -0.02562 -o. 00001 -0.01741 0. 20141 -0.00010 
14 2PZ C I> 0. 00000 0.00000 0.00000 0. 00000 0.00000 
15 2S (0) 0. 28429 0. 00001 0. 23722 -0.09476 0. 00022 
16 2PX (0) 0.00001 -0.04525 0. 00001 0.00000 0. 09725 
17 2PY ( 0) 0. 00484 -o. 00001 0. 00157 0. 12633 -0.00014 
18 2PZ (0) 0. 00000 o. 00000 0. 00000 0. 00000 0.00000 
19 3 c rs 0. 07837 -0. 10027 0.02138 0. 01730 0.01885 
20 2S < I > -0.08490 0. 10542 -0.02019 -o. 01570 -0. 01873 
21 2PX < I > 0. 00619 -0. 00076 -0. 13297 -0.09802 -o. 08489 
22 2PY < I > 0.03783 0.09403 0.08512 -o. 10966 0. 17672 
23 2PZ < I > 0. 00000 0. 00000 0.00000 0.00000 0.00000 
24 2S (0) -o. 18168 0. 27697 -0.08197 -0. 06052 -o. 07004 
25 2PX (0) -o. 00378 -o. 00041 -0.03815 -o. 07644 -0. 03609 
26 2PY (0) 0. 00426 0. 01916 0.02479 -0.06156 0.08634 
27 2PZ (0) 0. 00000 0. 00000 0.00000 0.00000 0. 00000 
28 4 c 1S -0 .. 00073 0.07870 0. 05521 -o. 00757 -0. 00529 
29 2S < I > 0. 00144 -0. 07984 -0.05533 0. 01326 0.00402 
30 2PX < I > -0.05763 0. 00472 -0. 13089 -o. 13649 -o. 07507 
31 2PY ( I ) -o. 12245 0. 10693 -0.06571 0. 09894 -0. 21114 
32 2PZ < I > 0.00000 0.00000 0. 00000 0. 00000 0. 00000 
33 2S (0) -o. 01590 -0. 27571 -0. 19270 0. 00472 0.02802 
34 2PX (0) -o. 00887 0. 00870 -0. 07118 -0.09200 -0. 04393 
35 2PY (Q) -0.05442 0. 04037 -0.02742 0. 06614 -0. 13282 
36 2PZ (Q) 0.00000 0. 00000 0.00000 0.00000 0. 00000 
37 5 c 1S 0. 07836 0. 10027 0.02135 0. 01731 -0.01897 
38 2S < I > -0. 08490 -0. 10542 -0.02016 -0. 01571 0. 01888 
39 2PX C I > -0.00619 -o. 00074 0. 13300 0. 09803 -0.08514 
40 2PY C I > 0. 03787 -o. 09397 0.08516 -o. 10967 -o. 17664 
41 2PZ < I> 0.00000 o. 00000 0.00000 0. 00000 0. 00000 
42 2S (0) -0. 18169 -o. 27697 -0.08189 -o. 06055 0. 07030 
43 2PX (0) 0.00376 -0.00042 0.03817 0. 07645 -0.03644 
44 2PY ( 0) 0.00422 -o. 01917 0.02479 -0. 06155 -o. 08615 
45 2PZ (Q) 0.00000 0.00000 0.00000 0. 00000 0.00000 
46 6 c lS -0. 00072 -0.07868 0.05522 -0. 00758 0. 00541 
47 2S C I ) 0. 00142 0. 07981 -0.05534 0. 01328 -o. 00416 
48 ·2Px < I > 0. 05765 0. 00474 0. 13092 0. 13652 -0. 07479 
49 2PY < I > -0. 12248 -0. 10697 -o. 06570 0. 09894 0.21130 
50 2PZ < I > 0. 00000. 0.00000 0.00000 o. 00000 0.00000 
51 2S ( Q) -0.01596 0. 27562 -0. 19274 0. 00479 -0. 02834 
52 2PX (Q) 0. 00889 0. 00872 0.071i9 0. 09202 -0. 04359 
53 2PY ( Q) -0. 05446 -o. 04041 -o. 02743 0. 06615 0. 13305 
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54 2PZ (0) 0. 00000 0. 00000 0. 00000 0. 00000 0. 00000 
55 7 c 18 -o. 13683 -o. 00001 0.09194 -o. 04742 -0.00002 
56 28 < I > 0. 14826 0. 00001 -0.09747 0.04662 0. 00001 
57 2PX ( I> 0. 00000 0. 05976 0. 00002 -0. 00002 0. 18412 
58 2PY (I> -0. 01847 0. 00001 -0.07682 0. 12585 0. 00021 
59 2PZ C I > 0. 00000 0. 00000 0.00000 0. 00000 0. 00000 
60 28 (0) 0. 31157 0.00002 -0.24414 0. 15627 0.00018 
61 2PX ( D> 0.00001 0. 02337 0. 00001 -o. 00001 0. 11559 
62 2PY (0) 0. 00905 0. 00000 -0.04113 0. 06787 0. 00006 
63 2PZ (Q) 0.00000 0.00000 0. 00000 0.00000 0.00000 
64 8 H 18 < I > 0. 09357 0. 00001 0.07770 -0. 14363 0.00014 
65 18 (0) 0.04431 0. 00001 0. 04303 -0. 09851 0.00008 
66 9 H 18 < I > 0. 00551 -0.07982 ...;o. 08101 -0.08684 0.02968 
67 18 (0) -o. 00136 -0.03553 -0.03656 -0. 05576 0. 01998 
68 10 H 18 < I > -0. 04654 0. 10531 -0.05799 -0. 09960 -o. 00611 
69 18 ( D> -0.01073 0. 05599 -0.04234 -0. 06297 -0.00081 
70 11 H 18 C I > 0.00550 0.07981 -0.08104 -0.08684 -0.02999 
71 18 ( D> -0.00137 0.03552 -o. 03657 -0. 05576 -0.02013 
72 12 H lS < I > -0. 04653 -0. 10529 -0.05799 -o. 09960 0. 00644 
73 18 CD> -0.01072 -0. 05597 -0.04234 -0.06297 o. 00099 
74 13 H 19 < I > 0. 10090 0. 02756 -0. 10178 0. 08349 0. 10642 
75 19 (0) 0. 03954 0.02154 -0.05755 0. 05688 0.08766 
76 14 'H 19 C I > 0. 10092 -0.02755 -o. 10179 0. 08350 -0. 10626 
77 19 (0) 0. 03955 -o. 02153 -0.05756 0. 05688 -0.08749 

16 17 18 19 20 
(A I) (A I) (A I) (A I) <A") 

EIGENVALUES -- -0. 63808 -0. 58957 -o. 57784 -o. 54689 -o. 50543 
1 1 c 19 0. 06829 0. 00001 0. 00833 -0. 00002 0.00000 
2 29 CI> -0.07279 -0.00001 -0.00770 0. 00001 0.00000 
3 2PX C I > -0.00022 -o. 10164 -0.00005 0.06462 0. 00000 
4 2PY < I> -0.08226 0. 00002 0. 27996 0. 00006 0.00000 
5 2PZ (I> 0. 00000 0.00000 0. 00000 0. 00000 0. 23749 
6 29 (Q) -0.24552 -0.00003 -o. 00581 0. 00011 0. 00000 
7 2PX ( 0) -0. 00009 -0.08645 -0.00012 0. 09826 0. 00000 
8 2PY ( 0) -o. 10859 0. 00000 0. 22095 0. 00001 0. 00000 
·=t 2PZ (0) 0.00000 0.00000 0.00000 0. 00000 0. 25199 

10 2 c 19 -0. 06109 o. 00000 -0.01986 0.00000 0. 00000 
11 28 ( I > 0.06487 0. 00000 0. 02329 0. 00000 0.00000 
12 2PX < I ) -0.00020 -0. 11342 -0.00004 0. 15467 0. 00000 
13 2PY < I > -o. 07227 0.00005 0.22304 0. 00016 0.00000 
14 2PZ C I > 0. 00000 0. 00000 0.00000 0. 00000 0. 12975 
15 28 CO> 0. 17792 -o. 00001 0. 03027 -0. 00003 0. 00000 
16 2PX (0) -0.00012 -0. 05677 0. 00000 0. 08941 0. 00000 
17 2PY (0) -0.09507 o. 00003 0. 17027 0.00015 0. 00000 
18 2PZ ( 0) 0. 00000 0. 00000 0. 00000 0. 00000 0. 10684 
19 3 c 19 -0.05850 0. 01844 0. 00924 -0. 02000 0. 00000 
20 29 < I > 0. 06131 -0.02245 -0. 01075 0. 02009 0. 00000 
21 · 2PX < I > 0. 10549 0. 17477 0. 13612 0. 00904 0. 00000 
22 2PY C I > 0.04295 0. 10594 0. 01705 0. 13179 0. 00000 
23 2PZ < I > 0. 00000 0.00000 0.00000 0. 00000 0. 13338 
24 29 (0) 0. 17410 -0. 01529 -o. 00992 0. 05604 0.00000 
25 2PX (Q) 0. 10625 0. 12072 0. 10084 0. 04468 0. 00000 
26 2PY ( 0) 0. 06512 0. 08121 0. 01385 0. 07243 0. 00000 
27 2PZ (Q) 0. 00000 0. 0000() 0. 00000 0. 00000 0. 10817 
28 4 c 18 0.05180 0. 01902 -o. 01013 0. 00845 0. 00000 
29 28 ( I ) -0. 05403 -0. 02363 0. 01280 -0. 00883 0. 00000 
30 2PX ( I > -0. 10983 0.20594 -0. 12785 -0. 10073 0.00000 
31 2PY < I > 0.06294 -0. 11517 -0. 00236 -0. 11710 0. 00000 
32 2PZ < I > 0. 00000 0. 00000 0. 00000 0. 00000 0.21241 
33 28 (Q) -0. 16483 -0. 04138 0. 01632 -0. 03584 0. 00000 
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34 2PX (0) -0. 11834 0. 17769 -o. 09929 -0. 09077 0. 00000 
35 2PY ( 0) 0. 07358 -0. 09091 0.00829 -0. 07601 0.00000 
36 2PZ CO> 0. 00000 0. 00000 0. 00000 0. 00000 0. 22432 
37 5 c lS -o. 05845 -0.01843 0.00924 0. 02005 0. 00000 
38 2S C I > 0.06126 0. 02245 -o. 01075 -o. 02013 0. 00000 
39 2PX C I ) -0. 10530 0. 17472 -0. 13616 0. 00903 0. 00000 
40 2PY < I > 0. 04330 -o. 10589 0.01718 -0. 13164 0. 00000 
41 2PZ C I > 0. 00000 0. 00000 0.00000 0. 00000 0. 13341 
42 28 CO> 0. 17402 0. 01522 -0.00995 -0. 05626 0.00000 
43 2PX ( D> -o. 10612 0. 12065 -0. 10094 0. 04461 0. 00000 
44 2PY ( D> 0.06534 -0. 08114 0.01385 -0.07232 0.00000 
45 2PZ CO> 0. 00000 0. 00000 0.00000 0. 00000 0. 10818 
46 6 c 1S 0.05179 -0.01904 -0.01012 -0.00849 0.00000 
47 28 < I ) -0.05402 0. 02364 0. 01279 0. 00886 0.00000 
48 2PX < I > 0. 10999 0. 20595 0. 12786 -0. 10068 0.00000 
49 2PY C I ) 0. 06251 0. 11514 -0.00248 0. 11690 0. 00000 
50 2PZ C I > 0.00000 0. 00000 0. 00000 0. 00000 0.21242 
51 28 (0) -0. 16476 0. 04147 0.01628 0. 03599 0.00000 
52 2PX (0) 0. 11839 0. 17771 0.09931 -0.09074 0. 00000 
53 2PY (0) 0.07332 0. 09093 0.00816 0. 07588 0. 00000 
54 2PZ ( 0) 0. 00000 0.00000 0. 00000 0.00000 0. 22433 
55 7 c 18 -o. 01012 0. 00000 0.00228 0. 00000 0. 00000 
56 29 C I > 0.00537 0.00000 0.00505 0.00000 0. 00000 
57 2PX < I > -o. 00033 0. 00098 0.00015 -0. 29845 0. 00000 
58 2PY < I > 0. 16097 --0.00002 -0.23498 -0.00012 0. 00000 
59 2PZ < I ) 0. 00000 0. 00000 0. 00000 0. 00000 0. 06116 
60 29 ( D> 0.09262 0.00001 -0.06790 0. 00000 0. 00000 
61 2PX (Q) -0.00023 0. 01703 0. 00013 -0. 26796 0.00000 
62 2PY (Q) 0.05924 -0.00001 -0. 13059 -0. 00010 0. 00000 
63 2PZ (Q) 0. 00000 0. 00000 0.00000 0.00000 0.04506 
64 8 H 19 C I> o. 11122 -0. 00003 -0. 13953 -o. 00013 0. 00000 
65 18 CO> 0. 06535 -0.00003 -0. 11838 -0. 00011 0.00000 
66 9 H 19 ( I> -0. 12576 0. 13569 -0. 06269 -0. 02929 0. 00000 
67 18 ( D> -o. 06601 0. 09919 -0.04794 -0. 01664 0. 00000 
68 10 H 18 C I> o. 13687 0. 12551 0.08035 0. 07328 0. 00000 
69 18 CO> 0. 08740 0. 10745 0. 06486 0. 05117 0. 00000 
70 11 H 19 C I > -0. 12571 -o. 13568 -o. 06267 0. 02936 0. 00000 
71 19 ( D> -0.06597 -0.09916 -0.04791 0. 01669 0.00000 
72 12 H 19 C I> 0. 13684 -o. 12547 0. 08042 -0. 07325 0. 00000 
73 19 ( 0) o. 08739 -o. 10743 0.06491 -0. 05116 0.00000 
74 13 H lS < I > 0.06847 0. 00491 -0.08823 -0. 19840 0. 00000 
75 18 ( Q) 0. 06629 0. 00349 -0.08166 -0. 16959 0. 00000 
76 14 H lS < I > o. 06883 -o. 00492 -o. 08836 0. 19834 0.00000 
77 19 (0) 0. 06656 -0.00350 -0.08174 0. 16952 0.00000 

21 22 23 24 25 
CA,> CA,> CA"> CA" l CA"> 

EIGENVALUES -- -0. 49834 -0. 47889 -0. 37762 -0. 36044 0. 11535 
1 1 c 1S 0. 00251 0. 00001 0. 00000 0. 00000 0.00000 
2 29 C I > -0. 00038 -0. 00001 0. 00000 0. 00000 0. 00000 
3 2PX C I > -0. 00009 -0. 25802 0. 00000 0. 00000 0. 00000 
4 2PY (I> 0. 18908 -o. 00011 0. 00000 0. 00000 0.00000 
5 2PZ < I ) o. 00000 0. 00000 0. 34244 -0.00013 -0.04236 
6 29 ( Q) -o. 00858 -0. 00007 0. 00000 0. 00000 0. 00000 
7 2PX ( 0) -0. 00016 -o. 25052 0.00000 0. 00000 0. 00000 
8 2PY CO> 0.23363 -0.00012 0. 00000 0. 00000 0. 00000 
9 2PZ ( 0) 0. 00000 0. 00000 0. 41204 -0. 00017 -0. 09229 

10 2 c 18 0. 00308 0. 00000 0.00000 0. 00000 0. 00000 
11 28 ( I > -0. 00341 0. 00000 0. 00000 0. 00000 0.00000 
12 2PX ( I ) 0. 00010 0. 19006 0. 00000 0. 00000 0. 00000 
13 2PY < I > -o. 20247 0. 00006 0. 00000 0. 00000 0. 00000 
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14 2PZ < I > 0. 00000 0. 00000 -o. 15519 0. 00007 -0. 21254 
15 28 (0) -0.01106 -0. 00002 0.00000 0. 00000 0. 00000 
16 2PX ( 0) 0. 00005 0. 13094 0.00000 o. 00000 0.00000 
17 2PY <D> -0.23080 0. 00004 0.00000 0. 00000 0. 00000 
18 2PZ (0) 0. 00000 0. 00000 -0. 15374 0. 00007 -o. 43407 
19 3 c lS -0. 00606 0. 01092 0.00000 o. 00000 0. 00000 
20 25 C I > 0. 00725 -0.01217 0.00000 0. 00000 0. 00000 
21 2PX < I > 0. 00892 0. 20079 0.00000 o. 00000 0. 00000 
22 2PY (I> -0. 20700 -0.03794 0.00000 o. 00000 0. 00000 
23 2PZ C I > 0. 00000 0. 00000 0.04634 -0. 14230 0. 17117 
24 28 CO> 0. 02525 -o. 01800 0.00000 0. 00000 0.00000 
25 2PX CO) -0.03538 0. 19065 0.00000 0. 00000 0. 00000 
26 2PY ( 0) -o. 16935 0. 03846 0. 00000 0. 00000 o. 00000 
27 2PZ ( 0) 0. 00000 0. 00000 0. 04371 -0. 14664 0. 32342 
28 4 c 18 0.00027 -o. 00675 0.00000 0. 00000 0. 00000 
29 28 C I > 0.00163 0. 00763 0.00000 0. 00000 0. 00000 
30 2PX < I > 0. 02182 -o. 18003 0.00000 0. 00000 0. 00000 
31 2PY < I) 0. 22430 -0.00250 0. 00000 o. 00000 . 0. 00000 
32 2PZ < I > 0. 00000 0. 00000 -o. 18834 -0. 31208 0.01633 
33 28 (0) -0. 01072 0. 03746 0. 00000 0. 00000 0. 00000 
34 2PX CO> -0.02838 -o. 19559 0. 00000 0. 00000 0.00000 
35 2PY (0) 0. 17269 0. 04808 0. 00000 0. 00000 o. 00000 
36 2PZ ( 0) 0. 00000 0.00000 -0.22941 -0.38565 0. 05914 
37 5 c 18 -0.00604 -0.01093 0.00000 0.00000 0. 00000 
38 28 < I > 0. 00724 0. 01218 0. 00000 0. 00000 0.00000 
39 2PX < I > -0.00873 0.20080 0. 00000 o. 00000 0.00000 
40 2PY < I> -0.20708 0. 03810 0. 00000 0. 00000 o. 00000 
41 2PZ < I > 0.00000 0. 00000 0.04646 0. 14225 0. 17113 
42 28 CO> 0.02503 0.01796 0.00000 0. 00000 0.00000 
43 2PX ( 0) 0.03552 0. 19062 0.00000 o. 00000 0.00000 
44 2PY CO) -0. 16945 -o. 03827 0.00000 o. 00000 0.00000 
4S 2PZ c O> 0. 00000 0. 00000 0. 04383 o. 14659 0. 32333 
46 6 c 19 0.0002S 0. 00674 0.00000 0. 00000 o. 00000 
47 29 < I > 0.00164 -0.00763 0. 00000 0. 00000 0. 00000 
48 2PX < I > -0.02198 -0. 18002 0.00000 0. 00000 0. 00000 
49 2PY ( I> 0.22439 0. 00236 0.00000 0.00000 0.00000 
50 2PZ C I> 0.00000 0. 00000 -0. 18812 0. 31219 0. 01638 
51 29 (0) -0.0106S -0. 03736 0. 00000 o. 00000 0. 00000 
S2 2PX c O> 0. 02825 -o. 19556 0.00000 o. 00000 0.00000 
S3 2PY c O> 0. 17276 -0.04815 0.00000 0. 00000 o. 00000 
54 2PZ (Q) 0. 00000 0. 00000 -o. 2291S 0. 38578 0. OS925 
SS 7 c 19 -0.02414 0. 00001 0.00000 0. 00000 0. 00000 
56 29 < I > 0. 03111 -o. 00001 0. 00000 0. 00000 0.00000 
S7 2PX < I > -0. 00005 0. 09069 . o. 00000 0. 00000 0. 00000 
58 2PY < I ) -o. 16955 0.00010 0.00000 0. 00000 0. 00000 
S9 2PZ ( I > 0. 00000 0. 00000 0. 11388 -0. 00004 -0.24623 
60 29 CO> 0.00670 0. 00000 0. 00000 0. 00000 0. 00000 
61 2PX CO> -0. 00003 0. 11283 0. 00000 0. 00000 0. 00000 
62 2PY ( 0) -0. 07725 0. 00007 0.00000 0. 00000 0. 00000 
63 2PZ CO> 0. 00000 o. 00000 0. 11092 -0. 00004 -o. 48687 
64 8 H lS C I > 0. 16807 -0. 00006 0.00000 0.00000 0. 00000 
65 19 c 0) 0. 14267 -0. 00006 0. 00000 0. 00000 0. 00000 
66 9 H 15 C I > -0.07267 -0. 11682 0. oooco 0.00000 0. 00000 
67 lS (0) -O.OS462 -0. 09102 0.00000 0. 00000 0. 00000 
-68 10 H lS < I > -0.07440 0. 12628 0.00000 0. 00000 0. 00000 
69 lS c 0) -0. 06434 0. 11S91 0.00000 o. 00000 0.00000 
70 11 H 19 < I > -0.07259 0. 11687 0. oooco 0. 00000 o. 00000 
71 15 (0) -0. 05453 0. 09107 0. 00000 0. 00000 0. 00000 
72 12 H 19 (I> -0. 07457. -0. 12623 0. 00000 0. 00000 0. 00000 
73 19 (Q) -0. 06450 -0. 11587 o. 00000 0. 00000 0. 00000 
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74 13 H 18 < I > -0. 04508 0. 07590 0.00000 0.00000 0. 00000 
75 18 (0) -0.06076 0. 07631 0. 00000 0. 00000 0. 00000 
76 14 H 18 C I > -0.04498 -0. 07585 0.00000 0. 00000 0. 00000 
77 18 ( 0) -0.06064 -0. 07624 0.00000 0. 00000 0.00000 

26 27 28 29 30 
(A") (A II) (A I) (A I) (A I) 

EIGENVALUES -- 0. 18177 0. 22950 0. 26658 0. 31228 0.31290 
1 1 c 18 0. 00000 0. 00000 0.01968 -0. 00009 -o. 00433 
2 28 C I ) 0. 00000 0. 00000 -0.00287 0. 00051 0.04161 
3 2PX < I > 0. 00000 0. 00000 -0.00002 0.05666 -0.00067 
4 2PY < I> 0. 00000 0. -00000 -0.00115 0. 00002 0.00295 
5 2PZ C I> -0.00005 -0.21226 0. 00000 0. 00000 0. 00000 
6 28 CO> 0. 00000 0. 00000 -0.35584 -0.00654 -o. 58562 
7 2PX (0) 0. 00000 0. 00000 -0.00009 -0.06232 0. 00092 
8 2PY ( 0) 0. 00000 0. 00000 -0. 00079 0. 00333 0. 29468 
9 2PZ (0) -0.00016 -o. 49619 0.00000 0. 00000 0. 00000 

10 2 c lS 0. 00000 0. 00000 0. 04420 -o. 00008 -o. 00554 
11 2S C I > 0. 00000 0. 00000 -0. 02233 -0. 00021 -0.01774 
12 2PX < I > 0. 00000 0.00000 0. 00001 0.03291 -0.00041 
13 2PY C I ) 0. 00000 0. 00000 0.10711 -0. 00109 -o. 09053 
14 2PZ < I > -0.00009 -0. 23908 0.00000 0. 00000 0.00000 
15 2S (0) 0. 00000 0. 00000 -o. 51650 0. 00556 0.44071 
16 2PX ( O> 0. 00000 0. 00000 -0.00004 -0. 02504 0. 00030 
17 2PY (Q) 0.00000 0. 00000 0.43081 -0. 00172 -0. 13782 
18 2PZ ( O> -0. 00020 -0. 62095 0. 00000 0. 00000 0.00000 
19 3 c 1S 0.00000 0.00000 0.04666 -0.00884 0. 02946 
20 2S < I > 0.00000 o. 00000 -0.02816 -0. 01379 -0. 02363 
21 2PX < I > 0. 00000 o. 00000 -0.07022 0. 15583 -0.04938 
22 2PY < I > 0.00000 0.00000 -0.04265 0.03833 -0.04028 
23 2PZ < I ) -0.25677 0. 02886 0.00000 0. 00000 0. 00000 
24 28 (0) 0. 00000 0. 00000 -0.48378 0.40206 -0.22614 
25 2PX (0) 0. 00000 0. 00000 -o. 33984 0. 46055 -o. 56761 
26 2PY ( 0) 0. 00000 0.00000 -0.20563 0. 29443 -0.04136 
27 2PZ CO) -o. 60791 0. 11153 0. 00000 0. 00000 0. 00000 
28 4 c 18 0.00000 0. 00000 0. 04536 -o. 04017 -0. 04097 
29 28 < I > 0. 00000 0. 00000 -0. 01472 0. 00742 0. 02811 
30 2PX < I ) 0. 00000 0. 00000 -o. 08500 0. 12489 0.05076 
31 2PY < I > 0. 00000 0. 00000 0. 06756 -o. 04401 -o. 00248 
32 2PZ C I > 0. 17420 0. 13666 0.00000 0. 00000 0. 00000 
33 28 (0) 0.00000 0. 00000 -0.66909 0. 72518 0.45669 
34 2PX (Q) 0. 00000 0.00000 -0.27130 0. 44049 0. 44810 
35 2PY CO> 0.00000 0. 00000 0. 19034 -0. 18682 -0. 08013 
36 2PZ ( 0) 0. 41358 0. 30366 0. 00000 0. 00000 0. 00000 
37 5 c lS 0.00000 0. 00000 0.04668 0. 00959 0. 02921 
38 2S < I > 0. 00000 0.00000 -o. 02815 0. 01321 -0.02394 
39 2PX < I > 0. 00000 0. 00000 0. 07024 0. 15696 0. 04562 
40 2PY C I ) 0. 00000 o. 00000 -0.04265 -0. 03933 -0.03933 
41 2PZ C I ) 0. 25679 0. 02872 0. 00000 0. 00000 0. 00000 
42 2S ( 0) 0.00000 0. 00000 -0. 48405 -0. 40818 -0. 21584 
43 2PX ( 0) 0. 00000 0. 00000 0. 33993 0. 47388 0. 55640 
44 2PY ( 0) 0.00000 0. 00000 -0. 20564 -0. 29540 -0. 03408 
45 2PZ ( 0) 0. 60799 0. 11122 0.00000 0. 00000 0. 00000 
46 6 c lS 0. 00000 0. 00000 0.04535 0. 03918 -0.04191 
47 2S < I> 0.00000 0. 00000 -0. 01471 -0. 00675 0. 02827 
48 2PX C I ) 0. 00000 0. 00000 0.08498 0. 12360 -o. 05373 
49 2PY C I ) 0.00000 0. 00000 0.06755 0. 04390 -0. 00354 
50 2PZ C I ) -0. 17410 0. 13676 0.00000 0. 00000 0. 00000 
51 25 ( 0) 0. 00000 0. 00000 -0. 66916 -0. 71396 0. 47390 
52 2PX ( 0) 0. 00000 0. 00000 0.27126 0. 42947 -0. 45851 
53 2PY ( 0) 0. 00000 0. 00000 0. 19044 0. 18502 -0. 08467 
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54 2PZ (0) -0. 41340 0. 30393 0.00000 0. 00000 0; 00000 
55 7 c 18 0. 00000 0. 00000 0. 00947 0.00139 0. 11616 
56 28 ( I ) 0. 00000 0. 00000 0. 00100 -0. 00057 -0. 04677 
57 2PX < I ) 0. 00000 0. 00000 0. 00002 0. 14103 -0.00170 
58 2PY < I > 0.00000 0. 00000 -0.08303 -0. 00148 -0. 12810 
59 2PZ < I> 0. 00002 ·o. 22941 0. 00000 0. 00000 0.00000 
60 28 ( 0) 0. 00000 o. 00000 -0.20154 -0.01879 -1. 57251 
61 2PX (0) 0. 00000 0. 00000 0.00014 0. 68810 -0.00822 
62 2PY ( 0) 0.00000 o. 00000 -o. 35629 -0. 00777 -o. 66350 
63 2PZ (0) 0. 00009 o. 63328 0.00000 0. 00000 0. 00000 
64 8 H 18 < I ) 0. 00000 0.00000 0.03983 0. 00007 0.00642 
65 18 (0) 0. 00000 0.00000 0.85423 -0.00477 -0.38277 
66 9 H 19 < I > 0. 00000 o. 00000 0. 04212 -0. 02695 -0. 01748 
67 19 ( 0) 0. 00000 o. 00000 0.82791 -0.94920 -0.65518 
68 10 H 19 < I > 0.00000 o. 00000 0. 02604 -0. 01284 -0. 02858 
69 18 (0) 0. 00000 o. 00000 0.74484 -0. 84990 0. 57001 
70 11 H 18 ( I > 0.·00000 o. 00000 0. 04211 0. 02649 -0.01811 
71 19 ( 0) 0.00000 o. 00000 0.82793 0. 93309 -o. 67774 
72 12 H 19 < I > 0.00000 0. 00000 0.02604 0. 01216 -0.02887 
73 19 <O> 0. 00000 o. 00000 0.74499 0. 86367 0. 54906 
74 13 H 19 < I > 0. 00000 0.00000 -0.00226 -0.00700 0. 01452 
75 18 ( 0) 0. 00000 o. 00000 0. 27474 -o. 68048 1. 11103 
76 14 H 18 < I > 0.00000 o. 00000 -0.00226 0. 00734 0.01437 
77 18 ( O> 0. 00000 o. 00000 0.27485 0. 70681 1. 09435 
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