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A room temperature solution phase preparation of germani-
um nanocrystals has been examined by means of varying the
germanium precursor concentration. By varying the germanium
tetrachloride concentration, it is possible to control the size
distribution of nanocrystals formed.

Semiconductor nanocrystalline materials are a very active
area of current research due to the dramatic change in properties
of materials in the nanoscale compared to those observed in bulk
materials.1,2 Significant advances in the preparation and charac-
terization of silicon nanocrystals,3–5 porous silicon,6 and II-VI
semiconductors7 and their novel size-dependent optical and elec-
tronic properties is widely documented.3,7–9 However, there are
substantially fewer reports on the preparation and characteriza-
tion of porous germanium10 and nanocrystalline germani-
um.11–16 Physical procedures to produce germanium nanocrys-
tals such as ion implantation,17 gas evaporation,18 chemical va-
por deposition,19 and laser annealing of amorphous material20

are low yielding and the subsequent surface modifications are
limited to that of either bare germanium, hydride, chloride, or
oxide terminated surfaces.17–20 Previously, documented solution
phase preparation resulting in single nanometer sized germani-
um crystals often require extremely high pressures and high tem-
peratures to induce crystallization.14,15,21 Metathesis reactions
using Zintl salt (KGe) precursors result in large size distributions
(1–10 nm) and low yields, most likely due to the poor solubility
of the precurser.11,12 The use of inverse micelles to control crys-
tal size is limited. Nucleation is not restricted to the hydrophilic
interior of the micelle because of the solubility of GeCl4 in hy-
drophobic region.16 Recently, we reported a high yielding prep-
aration of n-butyl capped germanium nanocrystals using a ambi-
ent temperature reduction of GeCl4 with sodium naphthalide.22

The size and shape of the nanocrystals were controlled by opti-
mizing the growth period of the nanocrystals, with a longer
growth time resulting in larger nanocrystals of 30–49 nm. The
potential applications of semiconductor nanocrystals, such as bi-
ological sensing and tagging, requires tuning the optical or elec-
tronic properties therefore it is essential to produce nanocrystals
with narrow size distributions in the 1–10 nm size region.

Here, a modified solution phase, low temperature prepara-
tion procedure resulting in germanium nanocrystals with dis-
crete narrow size-distributions, is reported. The initial concen-
tration of germanium is used to control sizes of nanocrystals
formed in the reaction. Germanium nanocrystals with a discrete
size distribution of 2–4 nm were produced by a sodium naphtha-
lenide reduction of germanium tetrachloride followed by surface
modification with an excess of n-butyl lithium. A two fold in-
crease in initial concentration of germanium tetrachloride pro-
duced germanium nanocrystals with a size distribution of 5–
9 nm. In each case the nanocrystals formed as an orange, slightly
oily solid which were soluble in dichloromethane (see Support-

ing Information).
The aliphatic regions of 1HNMR spectra of both the 2–4 and

5–9 nm germanium nanocrystals in CDCl3 were consistent with
the presence of n-butyl groups on the surface of the nanocrystals.
This is supported by the IR spectra, in which bands correspond-
ing to C–H stretching of the alkyl groups were observed at ca.
3000 cm�1. A band corresponding to the Ge–O stretch at ca.
890 cm�1, was not present in the IR spectra, indicating that the
surface was fully passivated.

High-resolution transmission electron microscopy (HR-
TEM) analysis of the 2–4 nm germanium nanocrystals on an
ultra thin carbon grid is shown in Figure 1. To prepare the
HR-TEM grids, a sample was suspended in dichloromethane
and sonicated to solubilize the nanocrystals. The 2 nm ultra thin
carbon grid was dipped into the solution and dried in an oven at
100 �C for 1.5 h. The size distribution was determined by
measuring 450 nanocrystals from different areas on the grid. A
histogram of the nanocrystal sizes is given in Figure 2a. A size
distribution of 2–4 nm with 61% of the nanocrystals having a di-
ameter of 3 nm was determined from this analysis. This narrow
size distribution is a considerable improvement on those ob-
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Figure 1. a) HR-TEM of 2–4 nm b) 6 nm n-butyl capped ger-
manium nanocrystals on an ultra thin film carbon grid. Darker
regions are germanium nanocrystals.
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Figure 2. a) Histogram of 2–4 nm particle sizes from a survey
of 450 nanocrystals from different regions of the grid. b). Histo-
gram of 5–9 nm particle sizes from a survey of 425 nanocrystals
from different regions of the grid.
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tained using previously reported solution prepavation.11,12,16 The
HR-TEM image shows distinct lattice fringes of the nanocrys-
tals, confirming their crystallinity.

The size distribution for the nanocrystals produced at higher
initial germanium concentration was determined by measuring
425 nanocrystals from different areas on the grid. This analysis
showed a size distribution of 5–9 nm with 58% of the nanocrys-
tals falling in 5–6 nm range (Figure 2b). Figure 2b shows the
HR-TEM image of a single nanocrystal of 6 nm where the lattice
fringe spacing of 3.27 �A is consistent with h111i plane of germa-
nium. This distribution is much narrower than those previously
achieved using inverse micelle (1–10 nm) or metathesis reac-
tions (1–10 nm).11,12,16

Figure 3a, shows the photoluminescence (PL) spectra for the
2–4 nm germanium nanocrystals which exhibit photolumines-
cence in a relatively narrow region of 420–430 nm with an exci-
tation from 310–340 nm. A less intense region is resolved to
480 nm with excitation wavelengths of 350–380 nm. Figure 3b,
shows the PL spectra for the 5–9 nm germanium nanocrystals
which exhibit photoluminescence in a relatively narrow region
of 450–470 nm with an excitation of 330–360 nm. A less intense
region is resolved to 500 nm with excitation wavelengths
from 370–410 nm, which is consistent with previously reported
studies and with the quantum confinement model.11,12,16

In conclusion, the initial concentration of germanium can be

used to control the size of nanocrystals formed in the solution
phase, resulting in two discrete narrower size distributions than
previously published procedures.11,12,16 Future work will opti-
mize these conditions, to further control the size distribution
of germanium nanocrystals.

We thank the imaging center assistance with the TEM.
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Figure 3. a) Size selective photoluminescence spectra 2–4 nm
germanium nanocrystals. A smooth shift of emission wavelength
with excitation wavelength is indicative of quantum confine-
ment. b) Size selective photoluminescence spectra 5–9 nm ger-
manium nanocrystals.
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