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FORWARD 

This program has been concerned with several aspects of synthetic inorganic 

chemistry. We continued to develop the fundamental chemistry of borane anions and we 

expanded our efforts in aluminum hydride-boron hydride chemistry. Furthermore, we made 

appreciable progress in potentially practical aspects of materials chemistry. These include 

new and improved syntheses of precursors to the formation of lanthanide borides; the 

discovery of a previously unrecognized morphology of boron nitride, a tubular form; a new 

method for the formation of AlN-BN composites; and the preparation of aluminum nitride 

films and powders. While our program has been diverse, it should be recognized that there 

is a common thread of techniques and chemistry which enabled us to successfully direct our 

attention in several directions. 
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I. Reduction of BH3to [BHg]2~and the Formation of [RjEy2. During the 

grant period we improved1 upon our earlier evidence for the existence of [BHJ2" and 

[BaHs]2", the isoelectronic analogues of [CHg]" and C^H^, respectively. Such species, as 

possibly generated in the reduction of diborane,2,3 have been the   subjects of discussion 

and spleculation since the work of Stock2  in 1935. Boron-11 NMR spectra reveal the 

sequential formation of [BH3]2 and [BgHg]2" as stable intermediates in the reaction of BgHg 

with alkali metal (K or Kb) naphthalides to form  [B3Hg]" and  [BHJ~   as the final 

products. These species were observed upon addition of increments of BjjHg to alkali metal 

napthalide in THF solutions  (Equations   (la)-(lc)).   Boron-11 NMR spectra are given in 

Figure 1. 

THF 
V2B2He   +  2MVC10H8" ►    M2[BHg]   +  2C10H8 (la) 

THF 
^[BHg]   +   V2B2H«   ► ^[B^] (lb) 

THF 
^[B^   +   BaHg ► MtBgHJ   +   M[BHJ 1 (lc) 

M = K, Rb 

When BjjHg is added in a 1:4 ratio to a potassium or rubidium naphthalide solution 

(Equation (la)) a quartet (1:3:3:1) is observed  in the nB NMR spectrum (Figure la) that 

is assigned to [BH3]2'. Addition of BgHg to this solution (Equation (lb)) results in the 

appearance of a second quartet (1:3:3:1) at higher field (Figure lb)  that is assigned to 

[BaHg]2". Complete consumption of  [BH3]2" to form [B^]2" is  best achieved by titration 

of the solution containing [BH3]2" with BgHg. Figures lb and lc illustrate this conversion. 

Addition of B2H6 to a solution of [B^]2" (Equation  (lc)), results in the formation of 

MtBaHgL identified by its characteristic nB NMR signal at -30.1 ppm, (Figure (1)) and 

M[BHJ that forms as a precipitate. There is no evidence in the NMR spectra for 

intermediate species during the conversion of [BaH«]2"   to [BaHg]" and [BHJ".   Addition of 

excess B2Hg at any point during the reaction series shown in Equations  (la)-(lc)  results 

in consumption of the intermediate species   and the formation of M[B3H8] and M[BHJ, as 

a precipitate, and  borane as BH3THF (Figure (le)). Soluble side products are naphthyl 

borohydrides.4 
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Figure 1. Boron-11 NMR spectra in THF at 303 K. 

II. Protonation. of closo-[Bl0H10]2". It has been shown that protonation of 

[B10H10]2" results5 in the formation of [B10Hn]~. While published NMR studies are 

limited,5,6 they reveal that the hydrogen  atoms of [B10Hu]"are highly fluxional. 

Published7 X-ray studies of salts of this anion have been frustrated by problems of 

disorder. 

Relatively recently an ab iniiio/IGLO study of the structure and nonrigidity of 

[BioHiJ" were reported.8 In view of the more modern instrumentation available to us than 

to the earlier investigators, it was of interest to test the conclusions drawn from this 

theoretical study. We examined in detail variable temperature   nB and XH NMR spectra, 

2D COSY nB-nB, and NOESY nB-uB   [(Ph3P)2N][B10Hn]. We  were also able to 

determine the structure of [(Ph3P)2N][B10Hn] from single crystal X-ray data obtained at 



-150 °C. 

The X-ray structure determination of [(PhaP^NHB^J revealed that it crystallizes 

with two independent molecules in the unit cell. The structures of the two independent 

EBioHnr ions are shown in Figure 2. The eleventh hydrogen atom in  structure (a) 

bridges three boron atoms in the polar cap, an apical boron atom and two equatorial 

boron atoms. On the other hand the eleventh hydrogen atom in structure (b) bridges the 

equatorial belt between the two polar  regions. These isomeric structures of [B10Hn]~ are 

supportive of the fluxional isomers that have been proposed on the basis of the ab initio 

(a) (b) 

Figure 2. Structures of [B10Hn]" isomers. 

calculations. They support interpretations of NMR spectra that propose rapid migration of 

the unique hydrogen around the polar cap and also a migration between the polar caps 

via a ß2 bridge across the equatorial belt regions. Our NMR studies indicate that the 

barrier for rapid migration of the eleventh proton between the two polar regions is 17 

KcaVmol. The   calculated barrier is   19 Kcal/mol.8 

III. Synthesis and Structure of Triethylammonium 2-Acetonitrile- 

nonahydro-cJoso-decaborate(-l). Acid-mediated hydride displacement on [B10Hl0]2~ by 

substituents containing O, S, and N as donating elements has been described.9 We found10 

that [Et3ISnH][2-Bl0H9NCCH3] is formed from the reaction of [Et3NH]2[Bl0H10]   with CH3CN 

solution at 60 °C. in the presence of CF3COOH. Subsequent recrystallization from CH3CN 

yielded [Et3NH][2-B10H9NCCH3] in better than 90% yield. Isomeric species were not 



detected by NMR spectroscopy. Similar reaction of K2[B10H10] with CF3COOH in CH3CN 

solution resulted in the formation of K^-BioHgNCHJ (Equation (2)). 

[B10H10f + CHgCN  + CFgCOOH ►[2-B10H9NCCH3]" + r^ + CF3COCT (2) 

The structure of [EtgNHJß-BjoHgNCCHg] was determined. The anion (Figure 3) is a 

bicapped square-antiprism with CH3CN coordinated through the N atom to one equatorial 

boron atom. The nB NMR spectrum is fully consistent with the X-ray structure of the 

anion. 

Figure 3. Structure of [2-BjoHgNCCHg] . 

Earlier, a similar hydride displacement reaction as Equation (2) was proposed as a 

possible secondary reaction in a kinetic study of the reaction of [B10H10]2~ with 

benzoylating agents in the presence of CF3COOH.11 However, the product was not 

characterized and no structure was proposed. Based upon the "B NMR spectrum at 19.25 

MHz another earlier study reported that [B10H10]2" in the presence of p-toluenesulfonic 

acid forms [l-ByjHgNCCHjf in refluxing CH3CN solution90. We repeated the synthesis and 
nB NMR spectra at 80.25 MHz revealed that the t2-B10H9NCCH3]" isomer is the only 

isomer detected. A number of apically and equatorially substituted isomers of [B10H10]2" 

have been reported with the site of substitution being dependent upon the reaction 

conditions employed. Possibly other misassignments also occurred in earlier work in 

which structural characterization was based primarily upon NMR studies at relatively low 

field strengths. 



IV. Iodide Charge Transfer Complexes of Decaborane(14) and 2,4- 

Diiodo-decaborane(14). Work on iodide charge transfer complexes of B10H14 and 2,4- 

I2B1()H12 initiated during an earlier grant period was completed during the present grant 

period.12 

We formed complexes of the general molecular formula [M][B10HWI] (Equation  (3)). 

The stabilities of these complexes are highly dependent upon the choice of cation. With 

MI + B10H14 ► M[B10H14I] (3) 

M = [N(n-C4H9)J
+, [P(C6H5)3CH3]+, [(C6H6)3P)2N]+ 

large cation iodides,   products form upon mixing of the solid reactants. Addition of THF 

or CH2CI2  produces deep yellow solutions. These complexes are isolated as solid, air 

stable materials. The decaborane(14) molecule is tightly bound in the solids.   Once the 

complex is formed and the solvent is removed, decaborane(14), which is normally volatile 

at room temperature cannot be sublimed from the complex even at 95 °C under vacuum 

(KV3 Torr). 

The [B10H14IT ion absorbs in the visible region at 355 nm in CH2C12.   The position 

of the maximum is independent of the cation and the sample concentration. Formation of 

[(n-C4H9)4N][B10H14ri in Ct^C^was followed by a continuous variations titration 

experiment in which the absorbance maximum of the complex was monitored. A plot  of 

absorbance vs. mole fraction of [(n-C4H9)4N]I gave a well defined maximum at a mole 

fraction of 0.5. This is consistent with a combing ratio of 1:1, in accord with Equation (3). 

The general appearance of the nB spectrum of [(C6H5)3P)2N][B10H14I]   resembles 

that of B10H14 and is consistent with apparent C2v point symmetry of the B10 cage. 

However, the resonances are shifted from those of Bl0H14. 

The [B10H10I]" is disordered in its crystalline salts.   However, the substituted 

decaborane 2,4-I2Bl0Hl2 readily forms crystalline M[2,4-I2B10H12I]" Equation  (4)) . 

MI + 2,4-I2B10H12 ► M[2,4-I2B10H12I] (4) 

M = [N(n-C4H)4]
+, [PCQH^CHgr,   [(C6H5)3P)2N]+ in CH2C12 

The molecular structure of [2,4-I2B10H12]~ was determined as the [P(C6H5)3CH3]+ salt 

(Figure 4). The iodide ion rests on the open face of the B10 basket. A space filling 

representation of complex is given in Figure 5. The iodide ion-bridging hydrogen 

distances, 2.99(7)-3.11(7) A is less than or equal to the sum of the van der Waals radii 

( 3.2- 3.6 A). 



Decaborane(14) is a polar (ca. 3 Debye), electron deficient molecule that readily 

accepts one and two electrons. The reaction of this molecule and the related molecule 2,4- 

I2B10H12 with I" presumably occurs through transfer of electron density from the I" to the 

LUMO of the decaborane While alkali metal iodides, Nal and KI, react with Bl0H14 in 

solution, removal of solvent results in dissociation into the alkali metal iodide and 

decaborane components. This dissociation is believed to reflect the relatively large lattice 

energies of the alkali metal iodides compared to those of the iodide salts of the complex 

cations ([N(n-C4H9)J+, IPCC6H5)3CH3]+, [(C^F^NT). 

Figure 4. Structure of [2,4-I2B10Hl2I]\ Figure 5. Space filling representation 
of [2,4-I2B10H12I]\ 

V. Synthesis and Structure of [PhaMePHAlCBH^J, an Eight-Coordinate 

Aluminum(III). The aluminum borohydride anion [A1(BH4)J" is of interest because it  is 

a very strong reducing agent and the coordination geometry around the central aluminum 

atom with respect to the number 3 center 2 electron Al-H-B bridge bonds present  was 

unknown prior to our work. Although this anion was studied earlier,13 characterizations of 

its salts stablized by large complex cations was incomplete. We prepared  salts   of 

[A1(BH4)J   through Equation (5)14 in a procedure more effective than an earlier reported 

method.13 

M[BHJ + A1(BH4)3 

Et20 
M[A1(BH4)4] (5) 



M = [PhgMeFT; [PPN]+ 

Extensive NMR studies aH, nB,   and 27A1 were carried out on these salts in CD2C12 

solution. They are thermally stable above 100 °C. The structure of [Ph3MeP][Al(BH4)J was 

determined. The structure of [A1(BH4)J~ (Figure 6)  consists of a central aluminum atom 

surrounded by four BH4 groups arranged as a distorted tetrahedron. Two of the four 

hydrogen atoms around each boron form hydrogen bridges with the aluminum atom. 

These eight bridging hydrogens that surround the aluminum center establish a slightly 

distorted dodecahedral coordination geometry (Figure 7). This is believed to be the first 

reported14 structure of a molecular entity with eight coordinate aluminum(III). Although 

[A1(BH4)4]~ possesses apparent 2-electron, 3-center hydrogen bridges, there is probably 

significant ionic interaction between the aluminum center and borohydride groups. 

Figure 6. Structure of [A1(BH4)4]-. Figure 7. Dodecahedral arrangement of H 
atoms in [A1(BH4)J\ 

VI. Syntheses of Yb(II) and Eu(II) Boranes. During the present grant 

period new Yb(II) and Eu(II) complexes of [BgHgT and [Bl2H12]2~ were prepared by 

reduction of ammonium salts of boron hydride anions with elemental Yb and Eu in liquid 

ammonia in  (Equation (6). This type of reaction was also employed for the preparation of 

our previously 

NH3 

-►   (NH3)zLn[BH]2   +  H2   +   2NRg (6a) Ln   +   [HNR,]2[BH] 
NEL 



Ln    + [HNRJtBgHJ ►[ (NHgXLntfBgHg]   +   1/2 B, +  NR, (6b) 

Ln = Eu, Yb; BH = [BgHJ", [B12H12]2", [B10H10]2-, R = H, Me or Et 

reported1718 lanthanide complexes of [B10H10]2~ and [BH4]~ and supersedes earlier 

syntheses. 

The new complexes have not yet been characterized structurally, but when the 

products of these reactions are desolvated, IR spectra indicate the presence of Ln-H-B 

bridges. 

VII. A New Morphology of Boron Nitride a Tubular Form. Boron nitride 

possesses a number of useful properties and articles composed (wholly or in part) of BN 

are finding an increasing number of applications. There is consequently great interest in 

finding new and improved methods for its production.15 

Under earlier ARO support we developed a relatively low-temperature procedure 

for the formation of an amorphous preceramic form of boron nitride through the reaction 

of B-trichloroborazine, B3C13N3H3 with an alkali metal in the absence of a solvent.16 The 

reaction is an explosive one that is initiated at temperatures as low as 125 °C when Cs is 

the alkali metal. The reaction is easily contained in a thick- walled glass pressure vessel. 

The resulting preceramic BN is a finely divided powder which is readily separated from 

by-products of this reaction; XRD indicates that it  is amorphous. 

Upon pyrolysis at 1100 °C the preceramic BN is converted to turbostratic BN (a 

partially  ordered pseudographitic form). SEM reveals that it exists in two distinct 

morphologies. In addition to the commonly observed distorted lamellar morphology, 

hollow tubular structures are also formed. 

The distorted lamellar crystallites (Figure 8) are consistent with the partially ordered 

turbostratic form of BN. The second type of BN (Figure 9) consists   of hollow tubular 

structures, the largest of which are 5 ym in diameter, with a length of 150 ßm. In 

general diameters are 3-4 /urn with lengths of 50-100 ßm. The walls of the larger tubes 

have a thickness of up to 1000 A. It is of interest that the tubes appear to be aligned in 

a parallel orientation (Figure 9), and most have a closed rounded end. 



Figure 8. SEM of lamellar BN morphology. 

Figure 9.   SEM of a group of BN tubules. 



Reports from "FuUerene", C^ syntheses also describe needle like graphitic carbon 

structures19 and concentric "onion like" carbon tubes in which layered sheets of graphite 

hexagons are rolled into tubes.20 These graphitic structures are two orders of magnitude 

smaller than the structures described here. Filaments, tubes, and shells of carbon have 

also been formed as a result of decomposition of organic gases on supported metal 

(predominantly Ni) catalyst particles.21 Electron microscopy reveals the presence of metal or 

metal oxide particles at the ends of or filling the carbon structures. In the case of BN 

presented here, however, no such catalysts were used or detected. 

TEM (Figures 10 and 11) of the turbostratic material (tubular and lamellar) reveals 
o 

several features. Selected-area diffraction from a single tube wall of ca. 300 A thickness 

further indicates that the tubular BN is also turbostratic. The electron diffraction patterns 

for all morphologies correspond closely to the X-ray diffraction pattern of turbostratic BN and 

can be indexed by reference to the XRD pattern of hexagonal BN. The highlighted circle in 

Figure 11a shows the region from which the diffraction pattern. Figure lib was obtained 

from the wall of a tube. 

Figure 11a. TEM of BN tube fragment. Figure lib. Electron diffraction pattern. 
Highlighted area shows the region from Rings correspond to diffraction of [002], 
which the electron diffraction pattern [10], and [110] planes of hexagonal BN. 
was obtained. 

A high-resolution TEM micrograph from a single tube wall (Figure 12) shows the 

pseudographitic stacking. The observed interlayer spacing is ca. 3.5 A. However, only local 

order exists within the wall. Boundaries are readily observable between grains of ca. 20 A 

on edge, and the grains adopt an apparently random orientation with respect to one another. 

This is entirely consistent with the ED pattern obtained. 

10 
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Figure 12. High-resolution TEM from a region of a single tube wall. 

VIII. Possible Mechanism for the Formation of the Tubular Form of BN. 

High-resolution TEM images reveal the presence of tubular structures smaller than those 

shown in Figure 9. They have a typical diameter of 0.15 imx. In close proximity to these are 

also observed flatter, "corpuscular" structures of similar diameter. It is possible that these 

corpuscles (Figure 13) are the sites of incipient growth of the tubes. The preferred parallel 

orientations of groups of fibers observed by SEM may be the result of their growth from a 

"field" of these "corpuscular structures" attached to a relatively flat surface. These 

"corpuscular seeds" may themselves be formed from small shell-like structures observed by 

TEM in the amorphous BN obtained. These shell like structures are discussed below. 

Figure 13. TEM of BN corpuscles. 

11 



SEM images of the amorphous BN product after the removal of by-products, but prior 

to heat treatment at 1100 °C indicate the product to be largely unstructured (Figure 14a). 

However, TEM on this material at higher powers of resolution reveals the presence of shell- 

like pseudospherical structures that appear to be hollow in nature (Figure 14b). These hollow 
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Figure 14a. SEM of amorphous BN. 
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Figure 14b. High-resolution TEM of amorphous BN showing hollow shell-like structures. 
Note the partial collapse of the shell at the left of the image. 
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shells are typically a fraction of a fxm in diameter, and are very thin walled, with a typical 

wall thickness of around 100 A. While the explosive reaction to prepare the preceramic 

amorphous BN is initiated at relatively low temperature, much higher temperatures are 

undoubtedly generated in the reaction. Given that the reaction results in a poorly ordered 

solid from molten precursors, it is possible that these shells result from bubbles caused by 

rapid expulsion of gaseous side products (HC1, Hg). Note, in Figure 14b that the structure 

at the left of the image appears to be undergoing collapse. It is possible that the 

"corpuscular" structures shown in Figure 13 are themselves a result of collapse at elevated 

temperatures of the shells observed in the amorphous material. Thus the corpuscles could 

be sites of tube growth. Formation of the hollow shells in the initial reaction is believed to 

be central to the ultimate formation of the novel tubular morphology, in that upon collapse, 

they provide nucleation centers for aggregation or sintering of small particles, thus 

facilitating an effective reduction of surface energy. 

The formation of tubular structures from the preceramic amorphous material by a 

type of sintering mechanism would necessarily require some mobility of the amorphous 

precursor at the requisite temperature, in the this case ca. 1100 °C. This suggests that tube 

formation requires a relatively "local" supply of preceramic amorphous BN in the vicinity of 

the nucleation centers (or corpuscles). Growth orthogonal to the corpuscle surface would lead 

to a tube of diameter comparable to that of the corpuscle. Alternatively, initial growth 

outward from the corpuscle edge, thereby increasing its diameter, followed by onset of 

orthogonal growth at some favorable point would lead to a tubular structure with larger 

diameter than that of the initially-formed shell and corpuscle. In this regard, it is 

particularly interesting that a typical wall thickness of around 300 A is common to both the 

larger and smaller tubes. It may be that this wall thickness is optimal for both surface 

energy reduction and heat transfer phenomena. 

IX. A New Method for the Formation of A1N-BN Composites. Dispersed-phase 

composite materials containing A1N and BN offer the promise of improved fracture toughness 

and resistance to wear and erosion by incorporation of a soft lubricating BN phase with hard 

and wear resistant A1N phase.22 In recent years, high thermal and shock resistant windows 

made from A1N-BN composite materials have been used for the protection of communication 

and detection equipment on aircraft.23 Performance of these materials is highly dependant 

on their uniformly dispersed microstructures. However, such microstructures are difficult to 

13 



obtain through classical powder processing techniques. Recently, several precursors were 

developed to prepare these materials. In one procedure,24 intimate mixtures of A1N and BN 

powders were prepared from the reactions of alkyl aluminum and borazine followed by 

pyrolysis. In another report, a homogeneous composite of turbostratic BN and crystalline A1N 

was obtained by pyrolysis of a precursor from the reaction of BQNEtjJg with diethyl aluminum 

amide.25 Mixtures of aluminum nitride and boron nitride were also prepared by 

decomposition of aluminum ammoniate borohydrides. 

During the present grant period we developed a new method26 for the preparation 

of A1N-BN ceramic mixtures which employs reactions of Me3NAlH3 with NH3BH3. The 

reactions of Me3NAlH3 with ammonia-borane, NH3BH3, in 1:1 and 1:2 ratios in toluene 

solutions followed by treatment with liquid ammonia produce polymeric preceramic 

precursors "(NHAlNHjBHg);' and M(BH3]SIHA1NH2BH3)X" (Equations (7) and (8). These 

toluene       liq. NH3 

MegNAlHg + NHgBHg ► ►]/X"(NHA1NH2BH3)X
M
 + 31^ + Me3N       (7) 

toluene     liq. NH3 

MegNAlH, + 2NH3BH, ► ►l/x"(BH3NHAlNH2BH3)x" + 31^ + Me3N  (8) 

preceramic precursors were characterized by IR, TGA, and solid state MAS 27A1 NMR 

spectroscopy. They were then converted into intimate ceramic A1N-BN mixtures in 45-60% 

yields via  pyrolysis at 1000 °C (Equations (9) and (10)). The powder XRD patterns of the 

1000 °c 
" (NHAlNr^BHaV' ► A1N/BN     +   3x1^ (9) 

1000 °C 
"(BHgNHAlNH^Ha);'   ► A1N/2BN    +  4.5x B, (10) 

ceramic mixtures reveal the presence of the A1N wurzite phase and the BN hexagonal 

phase. The IR spectra of these mixtures show bands at 1400 and 810 cm"1, characteristic 

of BN and a band at 703 cm"1, characteristic of A1N. MAS ^Al NMR spectra for A1N-BN 

mixtures show expected resonances for A1N phases and no oxide phases were detected. 

Morphology of the ceramic powders of A1N/BN and A1N/2BN mixtures was examined 

by SEM and in situ EDS. Particles ranging in size from 5-50 ßto. are observed with smaller 

fragments of random sizes. The EDS study indicates that in both the 1:1 and 1:2 A1N-BN 

mixtures that the particles examined contain both A1N and BN. 
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X. Aluminum Nitride Films and Powders. Aluminum nitride, possesses a 

properties that make it "an increasingly important material in microelectronics, opto- 

electronics, and materials science".27 It has high thermal conductivity, high electrical 

resistivity, high decomposition temperature with high resistance to oxidation, low thermal 

expansion coefficient which is a close match to that of Si and GeAs, and it is transparent in 

the visible and near infrared regions28. Some applications for which it is suitable are as 

dielectric and passivation layers in microelectronic devices and coating material in 

optoelectronic devices.29 Due to their high surface acoustic wave velocity and piezoelectric 

character30 A1N films also have applications in surface acoustic wave devices and as high 

temperature, oxidation resistant, structural ceramic materials. 

During the present grant period we initiated an effort to prepare A1N films and 

powders in a relatively simple way which would improve upon the existing chemical 

processes employed for CVD. We believe that the procedure we initiated will meet the 

requirements for electronic applications in that the A1N should have low oxygen, metallic, 

and carbon impurity contents. Our procedure for preparing powders is expected to provide 

a narrow and uniform particle size distribution. 

Results we have obtained are preliminary at the present time, but they are extremely 

promising. A1N films were deposited on quartz plates at 500 °C at one atmosphere pressure 

with N2 as the carrier gas in a CVD reactor. The gas phase reaction is shown in Equation 

(11). 

N2 

MegNAlH3+NH3 ►AIN  + 31^  +  Me3N (11) 
500 °C 

Ammonia carried by a stream of N2 mixes in the hot zone with Me3NAlH3 carried on a 

stream of Nz Films obtained under these conditions are uniform, transparent and  adhere 

well to the substrate. The optical transparency of the films on quartz has been examined by 

UV-Vis. spectroscopy and the spectrum is shown (200nm - 800 nm) in Figure 15. 
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Figure 15. Optical transparency of A1N film 
on quartz. 

The infrared spectrum from a film prepared at 500 °C and annealed at 600 °C for 24 hours 

was in excellent agreement with that of A1N powders, which we characterized by IR, XRD 

and solid state MAS 27A1 NMR spectroscopy. Figure 16 depicts SEM images of the 

surface and cross-section. In Figure 16a most of the crystallites depicted are less than 0.2/j.ia. 

In Figure 16b the thickness of the film is shown to be about 1/mi. 

Figure 16a. A1N film. Figure 16b. Cross section of A1N film. 

A1N powders were prepared by first allowing MegNAlHg carried on a stream of N2 to react 

with NHg at room temperature (Equation (12)). The (I^NAIH^ formed is a very finely 
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-NMe3                                 -Hj 
Me3NAlH3 +   NH3 ► AKNH^ ► 1/x (NHAINH^    (12) 

divided powder. Pyrolysis of this powder at 1000 °C produced A1N powder which was 

characterized by IR, XRD and solid state ^Al NMR spectroscopy. The SEM image this 

powder shows crystallites that are consistently  smaller than 0.2 /^m. 
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