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Synthesis of a Soluble Precursor Possessing an Nb—N Backbone Structure
and Its Pyrolytic Conversion into Niobium-Based Ceramics
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Synthesis and pyrolysis of a soluble precursor possessing an Nb—N backbone structure were investigated. The
precursor was prepared by aminolysis reaction of tetrakis(diethylamido)niobium with isopropylamine. The precursor was
soluble in benzene, and had a polymeric structure possessing Nb—-N-Nb imido-bridges. The precursor was pyrolyzed
under NH3-N; (at 600 °C for 2 h under NH3 and subsequently at 1350 °C for 8 h under N;) and Ar (at 1500 °C for 2 h)
atmospheres. d-NbN was obtained as a main crystalline phase after the pyrolysis of the precursor under NH3—N,, whereas
pyrolysis of the precursor under Ar led to the formation of NbC as the only crystalline phase. More than 90% of niobium
which was present in the precursor remained in both of the pyrolyzed products.

Niobium nitride has attracted considerable attention be-
cause of its desirable properties; these include hardness,
thermal stability, and, particularly in the case of cubic form,
superconductivity.! Niobium nitride has several phases: -
NbN, y-NbN, £-NbN, -Nb;N, and Nb;N4. However, all
of these phases except -NbN have hexagonal structures.?
The structure of §-NbN is B1(NaCl)-type where the bond-
ing character between Nb and N is metallic.! The 6-NbN
is a superconductor with T, of 17.3 K, and has been used
in various devices such as dc-superconducting quantum in-
terference devices, Josephson junctions, and switches for
pulsed power applications."** The conventional synthetic
procedure of NbN is direct nitridation of Nb metal at high
temperature and high N, pressure.'* Chemical vapor depo-
sition (CVD) processes have also been widely investigated
for the preparation of NbN films.2¢—#

Pyrolytic conversion of precursors has been widely ap-
plied to the preparation of carbides and nitrides of various
main group elements and transition metals, such as SiC,
Si3Ny, BN, AIN, and TiN.°~!? Although this chemical route
provides a method for the preparation of non-oxide ceram-
ics with desirable shapes, such as coatings and fibers, it is
required for such applications that the precursors are soluble
or fusible.'” NbN has been prepared by direct ammonolysis
of the niobium halides or niobium dialkylamides and subse-
quent pyrolysis of the resultant polymeric compounds.'>—%*
A NbN precursor has also been prepared recently by an elec-
trochemical route in which metallic niobium was anodically
dissolved in a liquid-NH; containing NHyBr solution.'®!”
However, since the precursors prepared by these techniques
have highly cross-linked structures, they are insoluble in an

organic solvent such as pentane,'> pyridine,”® and acetoni-

trile.'®'” As far as we know, the synthesis and pyrolytic con-
version of soluble NbN precursors have not been reported.
Aminolysis reactions of a number of transition metal di-
alkylamides of group 4 (M(NR;),), typically Ti(NR,)4 (R =
Me or Et), with primary amine R’NH, have been extensively
investigated.'®2° Since primary amines are bifunctional, the
aminolysis reactions usually occur with the formation imi-
do-bridge (M-N-M) structures in the aminolysis products.
This chemical route provides a possible way to prepare sol-
uble precursors because the formation of highly cross-linked
structures can be suppressed by the introduction of organic
groups into the aminolysis products. However, insoluble
products will form if the steric hindrance of R’ groups is too
small.’® The reaction of Ti(NEt,), with Pr"NH, gave an in-
soluble Ti(NPr"),, while the reaction with Bu"NH, led to the
formation of a soluble product with a proposed formula of
Ti,(NBu")2,_2(NEt;)4.'8 A number of aminolysis products
have been applied to the preparation of TiN or Ti(N,C)."*—'
However, no aminolysis reactions of transition metal dial-
kylamides of group 5 with a primary amine and the pyrolytic
conversion of the aminolysis products have been studied yet.
In this research, a precursor possessing an Nb—N back-
bone structure was prepared by an aminolysis reaction of
tetrakis(diethylamido)niobium (Nb(NEt; )4) using isopropy!-
amine (Pr'NH,). Since isopropyl groups are branched, it is
expected that the aminolysis reaction of Nb(NEt,), will lead
to the formation of a soluble product. Pyrolytic conversion
of the precursor was investigated, and the pyrolyzed products
were characterized by compositional analysis, X-ray powder
diffraction (XRD) and scanning electron microscopy (SEM).
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Experimental

All the procedures were performed under a protective nitrogen
atmosphere using the standard Schlenk technique® or in a glove
box filled with nitrogen. The solvents, n-pentane and benzene, were
freshly distilled over sodium/benzophenone prior to use. Diethyl-
amine and isopropylamine were freshly distilled over potassium
hydroxide prior to use. Niobium chloride (NbCls) was used as
received.

1 Synthesis of Nb(NEt;)a. Tetrakis(diethylamido)niobium
(Nb(NEt,)4) was prepared according to the following reaction based
on the previous report:>*

NbCls + 5LiNEt; —
Nb(NEt;)4 + 1/2HNEt, + 1/2EtN=CHMe + 5LiCl (1)

Distillation of the obtained red viscous liquid gave a purple-brown
viscous liquid product (bp 120 °C at 13.3 Pa). The IR spectrum
(Fig. 1) of the distilled product shows the presence of a ¥(Nb—N)
band at 583 cm™! (as shown by arrow) and two v(NC;) bands
at 1001 and 1154 cm™', consistent with those in the previous
report for Nb(NEt;),.** Elemental analysis exhibits an empirical
formula of NbN4Ci60Hzg2 (Table 1), which approximately cor-
responds to Nb(NEt;)s. The mass spectrum of the product was
consistent with a previous report for the formation of Nb(NEt;)4;%
miz (M*, EI), 381 (Nb(NEt)4*, 20), 380 (Nb(NEt, )3 [NEt(C2Hy)]*,
32), 352 (Nb(NEt, )3(NEU)*, 43), 337 (Nb(NEt;)3(NCH)*, 43),
276 (NbINEt(CH=CH>)]-(NEt)*, 58), and 58 (EtNCHj", 100).

Table 1. Compositional Characteristics of the Nb(NEt,)4
and the Precursor

Elemental analysis/mass%
Nb N C
242

H Total Empirical formula
14.8 499 99 98.8 NbN4oCieoHss2

Nb(NEt)s

Precursor Route to Niobium Based Ceramics

However, although Nb(NEt;)s does not show any signal in the
NMR spectrum because of its paramagnetic property, the 'HNMR
spectrum of this viscous product showed the presence of small
amounts of two diamagnetic compounds, tris(diethylamido)ethyl-
imidoniobium (Et;N);Nb(=NEt) and tris(diethylamido)azapentane-

1
2,3-diylniobium (Et;N);Nb(EEINCHMe)?® (The 'HNMR data ob-
tained in this study are shown in References). The presence

1
of (EtzN)3;Nb(=NEt) and (Et;N);Nb(EtNCHMe) as minor com-
ponents in distilled Nb(NEt,)s was also reported previously.®

—
Because only small amounts of (Et,N);Nb(=NEt) and (Et;N);Nb-

(EF(]:HMC) were present in the viscous product according to the
elemental analysis, we will hereafter refer to the viscous product
simply as Nb(NEt;)4, which was used as a starting material of the
precursor.

2 Synthesis of a Precursor. The polymeric precursor possess-
ing an Nb-N backbone structure was prepared based on a previous
report,”’ by the reaction of Nb(NEt,)s with an excess of isopropyl-
amine (Nb: Pr'NH, = 1: 5). An ideal reaction can be expressed by
Eq. 2:

Nb(NEt)s + xPr'NHy — 1/n[(Nb(NPr’)x(NEts)4_2x]n + 2xHNEH,
2

Nb(NEt;)s was dissplved in 30 mL of benzene in a 100 mL three-
necked flask, and Pr'NH; in 20 mL of benzene was slowly dropped
into the Nb(NEt, )4 solution at about 10 °C with stirring. The mixed
solution was stirred for 2 h at 10 °C. Then the resultant solution
was gradually heated, and finally refluxed at 78 °C for 16 h. A
dark brown solid, which was completely soluble in benzene, was
obtained after benzene was removed under reduced pressure.

3 Pyrolysis.  The precursor was pyrolyzed in a tube furnace.

recursor  35.5 14.2 376 8.1 954 NbNaoCy Ha, About 0.5 g of precursor was placed in an Al,O3 boat, which was
® nujol
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Fig. 1. IR spectra of (a) Pr'NH,, (b) Nb(NE(,)4, (c) precursor (hcb technique), and (d) precursor (nujol technique). The meaning of

the arrows is prescribed in the text.
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then introduced into an Al,Os tube filled with Ar or NH3. For
pyrolysis under NH3—Ny, the precursor was first heated at 600 °C
for 2 h under NH; with a flow rate of 30 mL min~', and cooled to
room temperature. Then, the resultant product was heated again at
1350 °C for 8 h under N (100 mL min™"). For pyrolysis under Ar,
the precursor was heated at 1500 °C for 2 h with a flow rate of 100
mL min~".

4 Analyses. The precursor was characterized by infra-red spec-
troscopy (IR, Perkin—Elmer FTIR-1640, with nujol technique and
hexachloro-1,3-butadiene (hcb) technique). The amounts of nitro-
gen, carbon, and hydrogen in the precursor were measured by using
a Perkin—Elmer PE2400 instrument. The pyrolysis behavior of the
Nb(NEt,)s and the precursor was investigated by thermogravime-
try-mass spectrometry (TG-MS) (Shimadzu TGA-50 thermobalance
coupled with a Shimadzu QP1100EX quadrupole mass spectrome-
ter via a stainless capillary). In order to identify the evolved gases
clearly, Nb(NEt,)s and the precursor were pyrolyzed using a tube
furnace under a He flow; the evolved gases trapped using liquid
nitrogen in a certain temperature range were identified by gas chro-
matography-mass spectrometry (GC-MS) (Hewlett-Packard Model
5890 Series I Gas Chromatograph coupled with a 5971A Mass
Selective Detector; the separation was performed on a capillary
column (Chrompack Pora Plot Q, for the gases from Nb(NEt;)4)
or a capillary column (GL Science TC-5, for the gases from the
precursor)). The pyrolyzed products were analyzed by X-ray pow-
der diffraction (XRD, CuKa; Mac Science MXP?). The lattice
parameters of the pyrolyzed products were calculated by the non-
linear least-squares method. The amounts of nitrogen, oxygen and
carbon in the pyrolyzed products were measured by using LECO
TC-436 and CS-444LS instruments. The amounts of niobium in the
precursor and the pyrolyzed products were determined by induc-
tively coupled plasma emission spectroscopy (ICP, Nippon Jarrell
Ash ICAP-575 11), after the samples were dissolved with a mixed
solution of 10 mL of HF, 5 mL of H,SO4, and 5 mL of HNO; at
200 °C for 2 h. The morphology of the pyrolyzed products was in-
vestigated by scanning electron microscopy (SEM, Hitachi S4500-
S).

Results and Discussion

1 Preparation of a Soluble Precursor via Aminolysis of
Nb(NEt;)4. The IR spectrum of the precursor, as well
as those of the Nb(NEt,), and isopropylamine, are shown
in Fig. 1. The IR spectrum of Nb(NEt,), shows four strong
(C-H) bands at 2963, 2926, 2865, and 2834 cm™!, which
are assigned to v,(CHs), v,5(CH;), %(CH3), and v(CH,)
modes of the ethyl groups respectively (Fig. 1b).*® On the
other hand, the IR spectrum of the precursor (Fig. 1¢) shows
three strong (C—H) bands assignable to v,;(CH3), v(CH), and
¥,(CH3) modes of isopropyl group at 2960, 2908, and 2861
cm™!, respectively; only a weak shoulder band assignable
to v,(CH,) modes of ethyl groups is present at around 2832
cm™! (as shown by the arrow).? In addition, in the spectrum
of the precursor, the bands at 1155 and 1111 cm™' due
to -CH(CHj;), skeletal bands® are clearly observed. All
of these observations indicate that a large portion of the
NEt, (and NEt) groups in the starting material has been
substituted with NPr' groups. Besides, in the IR spectrum of
the precursor (Fig. 1c), the v(Nb—N) band of Nb(NEt, ), (at
583 cm™! as shown by arrow in Fig. 1b) disappears, and a
new band assignable to v(Nb—N) appears at 613 cm™! (as
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shown by the arrow). Because no band is observed at the
typical frequency region of v(N-H) (3300—3500 cm~')?
in the spectrum of the precursor, Nb-N-Nb imido-bridges
should have formed.

The elemental analysis results of the precursor are shown
in Table 1. The N:C:H molar ratio of the precursor is
1:3.1:8.1, close to that of NPt group (1:3:7), indicating
that a large portion of the NEt; groups (1:4:10) in Nb-
(NEty)4 has been substituted with NPr groups. The N/Nb
molar ratio decreases from 4 for the Nb(NEt,), to 2.6 for
the precursor, which is consistent with the IR results show-
ing that the nitrogen atoms in the NPr' groups are present
as Nb—N-Nb imido-bridges. The empirical formula of
NbN; 6Cs.1Hs1; indicates that, besides the NPr' groups, a
small amount of NEt, groups should remain in the precursor
(assuming that N and C belong to either NPt or NEt, groups),
also consistent with the IR results. Bradley et al.'® reported
that the aminolysis of Ti(NEt; )4 with n-butylamine led to the
formation of a soluble polymer due to the presence of a small
amount of NEt, groups as chain stoppers. Hence, it is also
probable that the presence of a small amount of NEt; groups
as chain stoppers led to the formation of a soluble polymer
with a postulated structure as shown in Scheme 1.

2 Pyrolysis of the Precursor.  The pyrolysis behavior
of the precursor was investigated by using TG-MS. The
pyrolysis behavior of Nb(NEt,)s was also studied for com-
parison. The TG curves and the temperature profiles of the
selected fragments are shown in Fig. 2. The ceramic yields
of Nb(NEt,)s and the precursor up to 900 °C are 37 and
57% respectively, indicating the advantage of the polymeric
structure of the precursor.

In the TG curve of the Nb(NEt;)4, a sharp mass loss is
observed in the temperature range of ca. 160—ca. 280 °C.
Gas (in the trap-tube), liquid (near the outlet of the tube
furnace and in the trap-tube), and a small amount of yellow
solid (near the outlet of the tube furnace) were obtained
during the pyrolysis of the Nb(NEt,)4 using a tube furnace
in the corresponding temperature range (ca. 160—ca. 280
°C). GC-MS (for gas) and '"HNMR (for liquid) analyses
showed that C,H,4, C,Hg, C3Hg, C4Hg, CH;CN, and HNEt,
were the main species evolved. ICP analysis showed that the
condensed yellow solid contained Nb.

The temperature profiles for the pyrolysis of the Nb(NEt; )4
show that fragments at m/z 58 (arising from HNEt,), m/z 27
(arising from C,H4 and C;Hg) and m/z 41 (arising from
higher hydrocarbons (C,H;, and C,Hy,.2, n > 3; e.g., C3Hg,
C4Hg, and C4H;o) and CH;CN) are clearly detected in the
temperature range of ca. 160—ca. 280 °C (Fig. 2a). Et;NH
and C,H4 were reported as the major evolution gases dur-

Py Pr
EeN_ N[ N NEt;
Nb
EL,N7T T |./ ~ I|~1’ ~NEt,
Pr pf 0

Scheme 1. The postulated structure of the precursor.
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Fig. 2. TG-MS analysis of Nb(NEt;)s and the precursor

under He. (a) The TG curve of Nb(NEt,)4; the fragment at
m/z =58 arising from HNEt, (—); the fragment at m/z =
27 arising from C;H4 and C:Hg (— —); the fragment
at m/z =41 arising from higher hydrocarbons (C,Ha,, and
CuHaneo, 12> 3) and CH3CN (---). (b) The TG curve of
the precursor; the fragment at m/z = 44 arising from Pr'NH,
(—); the fragment at m/z =41 arising from hydrocarbons
(CnHazn and CyHapsz, n > 3) and CH3CN (---).

ing the pyrolysis of Nb(NEt;)4 at 220 °C.?* The main py-
rolysis processes probably involve the elimination of the
NETt, groups through the transfer of hydrogen atom from an
NEt, group to another one, leading the subsequent formation
of a three-membered metallacycle intermediate containing
a Nb—C bond (see Scheme 2). Then C,H, was released
from the three-membered metallacycle intermediate via the

/NEtz
(E;N),Nb _—HNEY
NEt,

(EN) g
21N )2 \ |

Precursor Route to Niobium Based Ceramics

Nb-C bond cleavage. The formation of such a three-mem-
bered metallacycle compound has been reported previously
for the pyrolysis of diethylamido complexes of Nb, Ta, V,
and Ti'25.30——32

On the other hand, a large mass loss is observed at the tem-
perature below ca. 500 °C in the TG curve of the precursor
(Fig. 2b). C3Hg, C4Hg, CH3CN, and PriNH, were the main
species evolved during the pyrolysis of the precursor using
the tube furnace below 500 °C. The temperature profiles
of the fragments at m/z 44 (arising from Pr'NH,) and m/z
41 (arising from hydrocarbons (C,H,, and C,Hy,.», n>3;
e.g., C3Hg, C4Hg, and C4Ho) and acetonitrile CH;CN are
shown in Fig. 2b. The fragment at m/z 44 in the temperature
range of ca. 250—ca. 350 °C shows that Pr'NH, evolved
at this relatively high temperature range. (The evolution of
Pr'NH; near room temperature is probably due to the hy-
drolysis of the precursor with a small amount of water in
the TG-MS equipment. The precursor is more air-sensitive
than Nb(NEt;)4). Laine et al. have reported that the pyroly-
sis of a TiN precursor with Ti~N(Pr')-Ti imido-bridges led
to the evolution of C3Hg through the direct cleavage of the
C-N bond with transfer of #-hydrogen to the nitrogen atom
(reaction 3).% Since the present precursor possesses M—N-
(Pr')-M imido-bridges which are very similar to that reported
by Laine et al., C3Hg, one of the main evolved species, most
likely arises from the direct cleavage of the C—N bond via
reaction 3, which is different from the formation mechanism
of CyH, from Nb(NEt,)4 via the metallacycle intermediate.

N

T/ Ny

CH e I + CH,=CHCH; (3)
7/ N\ H
CH; CH;,4

Pyrolysis of the precursor under NHj flow at 600 °C for
2 h, and subsequently under N, at 1350 °C for 8 h gave a
yellow-gray residue, while a lavender-gray residue was ob-
tained after the pyrolysis under Ar flow at 1500 °C for 2 h.
Table 2 shows the ceramic yields, compositional characteris-
tics and the lattice parameters of the pyrolyzed products. The
ceramic yields of the precursor are 39.2 and 38.0% for the
pyrolyses under NH3—N, and Ar flow, respectively. Based
on the ceramic yields, the amount of niobium in the precur-
sor, and those in the pyrolyzed products, it can be estimated
that 92.7 and 91.1% of the niobium present in the precur-
sor remain in the products pyrolyzed under NH;—N, and Ar,
respectively. This should be ascribed to the fact that the pre-
cursor possesses double niobium—nitrogen bridges as shown
in Scheme 1, which makes the degradation of the precursor
into smaller volatile Nb-containing species difficult.

Et

—CH,
——— "3 (Et,N),Nb=NEt
CH
N
CH;

Scheme 2. The main pyrolysis processes for the pyrolysis of Nb(NEt; )4 in the temperature range of ca. 160—ca. 280 °C.
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Table 2. Ceramic Yields and Characteristics of the Products
Pyrolyzed under NH;—N, (at 600 °C for 2 h under NH3,
and then at 1350 °C for 8 h under N») and Ar (at 1500

°C for 2h)
Atmosphere NH;-N; Ar
Ceramic yield/% 39.2 380
Loss of niobium/% 7.3 8.9
Elemental analysis/mass%
Nb 83.9 85.1
N 11.2 0.1
C 0.8 16.2
0] 34 0.3
Total 99.3 101.6
Empirical formula NbN 9C0.080023 NbNg01C1.4700.02
Lattice parameter/nm 0.4397 0.4471

After the pyrolysis under Ar flow, a considerable amount
of carbon remains in the residue, and the amount of nitro-
gen is very small (0.1 mass%). In contrast, a considerable
amount of nitrogen (11.2 mass%) and a very small amount
of carbon (0.8 mass%) are present in the product pyrolyzed
under NH3—N,. The removal of carbon is probably due to
the effective amine-exchange reaction during the pyrolysis
under NH3, i.e., two —NH; groups displace one =NPr’ group
in the precursor and isopropyl amine is liberated.

=NPr' + 2NH; — 2 -NH;, + Pr'NH, )

Removal of carbon during the pyrolysis under NH; due to
amine exchange reactions has been reported for other systems
such as AIN precursors™ and TiN precursors.* It should
also be noted that 3.4% of oxygen, which was probably
introduced during the pyrolysis, is present in the product
pyrolyzed under NH3—-N,.

The pyrolysis of the precursor under NH3—N; results in
the formation of a NaCl-type compound, but the presence of
some weak peaks, which can be assigned to NbO,,* accounts
for the presence of oxygen (Fig. 3a). It has been reported
that NbN, NbC, and NbO all possess NaCl-type structures
with the lattice parameters of 0.4393,% 0.4470,% and 0.4211
nm,* respectively. Besides, niobium oxynitride NbN,O,_,
also possesses a NaCl-type structure, and the lattice parame-
ter of NbN, O, _, decreases with the incorporation of oxygen
in the lattice; for example NbN 9Og | has the lattice param-
eter of 0.438 nm.” The observed lattice parameter of the
NaCl-type compound is 0.4397 nm, which is very close to
that of 6-NbN (0.4393 nm). Thus, if all the oxygen was
present as NbO», the pyrolyzed product should be a mixture
of 0.89NbN and 0.11NbO, based on the empirical formula
of NbNp 89C0.0800.23.

The pyrolysis of the precursor under Ar leads to the for-
mation of a well-crystallized single-phase NaCl-type com-
pound (Fig. 3b). The observed lattice parameter is 0.4471
nm, which is very close to that of NbC (0.4470 nm) rather
than that of NbN (0.4393 nm). The composition of the prod-
uct (Table 2) also reveals that the ratios of N/Nb and O/Nb
are 0.01 and 0.02 respectively. Thus, the crystallized NaCl-
type compound should be cubic NbC. The C/Nb ratio of
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Fig. 3.  XRD patterns of the products pyrolyzed under (a)

NH;-N; (at 600 °C for 2 h under NH3,and subsequently at
1350 °C for 8 h under N;) and (b) under Ar (at 1500 °C for
2 h).

1.47 (Table 2) suggests that a considerable amount of carbon
is present as free carbon. The presence of a large amount
of carbon in the residues pyrolyzed under Ar has also been
reported during the pyrolysis of titanium precursors prepared
with the aminolysis of Ti(NRj)4.!%3

It is interesting that most of the nitrogen is lost during
the pyrolysis under Ar at 1500 °C, although the precursor
possesses the initial N/Nb ratio of 2.6. The precursor has
also been pyrolyzed at lower temperatures in order to obtain
further information about the loss of nitrogen. The com-
positions of the products are shown in Table 3. After the
pyrolysis at 600 °C under Ar, 60.5% of the nitrogen is lost,
and very broad peaks ascribable to a NaCl-type compound
were observed in the XRD pattern of the residue (not shown).
The ceramic yield was 54.5%, close to the ceramic yield of
57% obtained from the TG curve of the precursor (Fig. 2a).
Nitrogen is lost mainly as Pr'NH, and CH3CN below ca.
600 °C according to the aforementioned TG-MS analysis

Table 3. Compositional Characteristics of the Products Py-
rolyzed under Ar
Temperature/°C 600 1000
Ceramic yield/% 54.5 475
Loss of nitrogen®/% 60.5 96.3
Elemental analysis/mass%
Nb 61.3 68.9
N 10.3 1.1
C 23.6 21.5
0] 1.8 2.2
Total 96.8 98.8

Empirical formula NbN.1C29800.18 NbNy. 19C2.2800.18

a) The loss of nitrogen [ELn)] during the pyrolysis was calculated
from the amounts of nitrogen in the precursor {Wp(,] and in the py-
I'OlyZed residues [WR(N)] : EL(N) = [Wp(N) e YWR(N)]/WP(N) x 100.
Y: ceramic yield.
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(a)

(b)

Fig. 4.

Scanning election micrographs of the products py-
rolyzed (a) under NH;—N; (at 600 °C for 2 h under NH3,
and then at 1350 °C for 8 h under N,) and (b) under Ar (at
1500 °C for 2 h).

results. After the pyrolysis at 1000 °C, a poorly crystalline
NaCl-type compound was detected by XRD (not shown).
The loss of 96.3% of nitrogen indicates a further loss of ni-
trogen at 600—1000 °C. The loss of nitrogen during the
crystallization from an amorphous phase has also been re-
ported for titanium precursors prepared by the aminolysis of
Ti(NMCz )4 2034

Scanning electron micrographs of the pyrolyzed products
are shown in Fig. 4. Particles with diameters of 0.4—1.0
pum are observed on the surface of the product pyrolyzed
under NH3~N,. Particles with diameters of 0.1—0.5 um are
observed on the surface of the product pyrolyzed under Ar.

Summary

The precursor possessing a Nb—N backbone structure was
prepared by aminolysis reaction of tetrakis(diethylamido)-
niobium with isopropylamine. IR and elemental analysis
showed that the precursor was a polymer which contained
the Nb—N-Nb imido-bridge structures. The precursor was
soluble in benzene. TG-MS analysis and tube pyrolysis
showed that the large mass loss, with the evolution of C3Hg,
C4Hs, CH;CN, and Pr'NH, as main species, occurred at a
temperature below ca. 500 °C during pyrolysis of the pre-
cursor under He. The yellow-gray residue with the ceramic

Precursor Route to Niobium Based Ceramics

yield of 39.2% was obtained after pyrolysis of the precursor
under NH3—N>(at 600 °C for 2 h under NH; and then at 1350
°C for 8 h under N3), and the XRD analysis indicated that the
main crystalline phase was 0-NbN. On the other hand, py-
rolysis of the precursor under Ar at 1500 °C for 2 h led to the
formation of a lavender-gray residue with the ceramic yield
of 38.0%. XRD analysis of the product indicated that NbC
was the only crystalline phase. More than 90% of niobium
present in the precursor remained in both of the pyrolyzed
products. SEM examination showed that the diameters of
the particles obtained by pyrolysis under NH3—-N; and Ar
were 0.4—1.0 and 0.1—0.5 um, respectively.
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