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Nature has evolved several unique biomineralization strategies to 

direct the synthesis and growth of inorganic materials. These natural 

systems are complex, involving the interaction of multiple 

biomolecules to catalyze biomineralization and template growth. 

Herein we describe the first report to our knowledge of a single 

enzyme capable of both catalyzing mineralization in otherwise 

unreactive solution and of templating nanocrystal growth. A 

recombinant putative cystathionine γ-lyase (smCSE) mineralizes CdS 

from an aqueous cadmium acetate solution via reactive H2S 

generation from L-cysteine and controls nanocrystal growth within the 

quantum confined size range. The role of enzymatic nanocrys-tal 

templating is demonstrated by substituting reactive Na2S as the 

sulfur source. Whereas bulk CdS is formed in the absence of the 

enzyme or other capping agents, nanocrystal formation is ob-served 

when smCSE is present to control the growth. This dual-function, 

single-enzyme, aerobic, and aqueous route to functional material 

synthesis demonstrates the powerful potential of engi-neered 

functional material biomineralization. 
 
cadmium sulfide | quantum dot | biomineralization | enzyme | 
nanoparticle 

 

Biological systems have evolved a diverse array of mechanisms to 

synthesize inorganic materials from aqueous solutions under ambient 
conditions. This inherent control over material properties has created 
interest in using these biological routes to synthesize materials (1–3) 

such as biosilica from sponges and diatoms (4–8), biogenic CaCO3  

from mollusks (9–12), and magnetic particles from magnetotactic 
bacteria (13–15). Designing a biomineraliza-tion strategy requires 

control of both the material composition and structure; in nature, this 
control is typically achieved through the assembly of a multiprotein 

complex, including both structure-directing proteins and proteins 
responsible for mineralization of a specific composition. In the current 

work, we demonstrate the reduction of this complexity to its simplest 
form: a single enzyme capable of both catalyzing CdS mineralization 

and controlling particle size within the quantum confined size range to 
form func-  

tional biomineralized CdS quantum dots. 
Two of the most studied biomineralization proteins are perlucin and 

silicatein. Perlucin (16) has been shown to mineralize crystalline forms 

of CaCO3, a common structural material that constitutes the shell of 

many marine organisms, in the form of organic–inorganic composites. 
The role of the nacre protein perlucin in crystallite templating has been 
elucidated through experiments demonstrating crystallite formation in 
the presence of purified perlucin, and perlucin selectively being 
removed from solution during crystallite formation in the presence of a 
mixture of water-soluble, nacre-associated pro-teins (17). Native 
silicatein harvested from sea sponge or engineered forms produced 
recombinantly are active for biomineralization of silica and titania into 
structures that are amorphous or crystalline (7, 18, 19). In particular, 
biomineralization confined within an inverse micelle using an 
engineered silicatein has been demonstrated to form crystalline 
nanomaterials (20).  

With regard to semiconducting metal sulfides, the majority of 
prior reports have used biological components to template struc-
ture during synthesis from reactive sulfur precursors, typically 

Na2S (21–23). For example, peptides displayed on the surface of 

 
bacteriophage have been used to produce intricately ordered CdS 
and ZnS nanowires (24), whereas engineered viral particles (25, 26) 
along with recombinant, self-assembled cage-like proteins (27) 
have served as nucleation cavities for CdS nanocrystals. Spoerke 
and Voigt (21) engineered a library of CdS-capping peptides 
capable of templating CdS nanocrystal growth from cadmium 

acetate and Na2S, with the resulting optical properties dependent on 
the chemical structure of the capping peptide. Singh et al. (28) 
engi-neered bifunctional peptides with CdSe- and ZnS-binding 
domains for the synthesis of CdSe/ZnS core shell nanoparticles by 

the re-action of CdCl2 with NaHSe followed by the addition of 

ZnCl2 and Na2S. Harvested natural phytochelatins (22) or 
engineered cell-based methods to produce phytochelatins (29) have 
also been de-veloped for the synthesis of CdS nanoparticles. 
Another intriguing approach is the use of a self-assembled ribbon-
like template to control synthesis of CdS nanohelices (30). To the 
best of our knowledge, the only example of enzymatic production 
of a reactive sulfur species is that of a sulfite reductase (31) 

reducing Na2SO3 to generate larger, 5–20 nm, CdS nanoparticles 
by using additional templating peptides. That is, the enzyme does 
not template the crystal growth.  

We previously identified a putative cystathionine γ-lyase (smCSE) 
associated with the extracellular synthesis of CdS quantum dot 
nanocrystals by Stenotrophomonas maltophilia strain SMCD1 (32). 
Cystathionine γ-lyases (CSEs) are a class of enzymes that catalyze the 

production of H2S, NH3 and pyruvate from L-cysteine, and the 

overexpression of which has been shown to precipitate cadmium 
sulfide (33). In this study, we demonstrate the putative smCSE from S. 

maltophilia SMCD1 is capable of reactive H2S generation,  
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consistent with its function as a cystathionine γ-lyase. In addition, 

the purified smCSE enzyme, by itself, is capable of aqueous phase 

synthesis of CdS nanocrystals directly from cadmium acetate and L-

cysteine. The resulting CdS nanocrystals are within the quantum 

confined size range and display optoelectronic properties analogous to 

those previously described for cell-based or chemically synthesized 

CdS nanocrystals (21–23, 32, 34–37). When the substrate L-cysteine is 

replaced by the chemical precursor Na2S, smCSE is capable of 

directing CdS nanocrystal formation in solution. Removal of smCSE 

results in bulk CdS formation, indicating a role for smCSE not only in 

H2S gener-ation, but also in templating CdS nanocrystals. Therefore 

smCSE is capable of synthesizing metal sulfide nanocrystals directly 

from aqueous solution, opening up a wide range of strategies for 

engineering the biomineralization of functional materials. 

 
A Putative smCSE Associated with Biosynthetic 

Quantum Dots Is Capable of H2S Generation  
Previous studies have shown that overexpressed CSEs are ca-pable 
of precipitating cadmium sulfide in cell culture (33, 38– 

42) and suggested that H2S generation from CSE was the pri-mary 
driver for CdS precipitation. To determine whether the putative 

CSE identified from S. maltophilia (smCSE) was ca-pable of H2S 
generation from L-cysteine, smCSE was heterol-ogously 
overexpressed and purified from Escherichia coli and the intrinsic 

kinetics of L-cysteine turnover to H2S measured (described in SI 
Appendix, SI Materials and Methods). Expres-sion and purification 
using immobilized metal affinity chroma-tography yielded a single 
protein of 42 kDa (SI Appendix, Fig. S1), consistent with the 
expected size of smCSE (NCBI reference no. WP_012509966.1). 
The purified smCSE also shows a strong ab-sorbance peak at 430 
nm (SI Appendix, Fig. S1), which is indicative of a covalently 
bound pyridoxal 5′ phosphate (PLP) cofactor; PLP is an obligate 
cofactor required for CSE catalysis (43). The Michaelis–Menten 
rate parameters for L-cysteine turnover mea-sured for smCSE using 
L-cysteine as a substrate are consistent with reported values for 
other well-characterized CSEs (44, 45) (SI Appendix, Fig. S1). 
 
The Quantum Dot-Associated smCSE Regulates 
CdS Nanocrystal Growth and Size  
Having established the ability of smCSE to generate reactive sulfur 
species, it was hypothesized that the addition of a cad-mium salt to 
the solution would yield CdS. To test this hy-pothesis, L-cysteine (4 
mM) and cadmium acetate (0.5 mM) were added to an aqueous 
solution of smCSE (0.1 mg/mL in Tris buffer, pH 7.5), and the 
solution was monitored by using UV-visible and fluorescence 
spectroscopy as a function of time at ambient temperature and 
pressure (Fig. 1). After 90 min, a distinct absorbance peak was 
observed with an absorbance maximum at 333 nm (Fig. 1A). A 
corresponding fluorescence emission peak at 464 nm was also 
observed (Fig. 1B). The maxima of both absorbance and 
fluorescence progressively shift to longer wavelengths over the 
course of 195 min (Fig. 1 A and B) with visible photoluminescence 
observed in solution for each time point measured when 
illuminated under UV light (Fig. 1C). It should be noted that the 
presence of smCSE, cadmium acetate, and L-cysteine were all 
required; omission of any one of these components produced 
solutions that dis-played no absorbance or fluorescence peaks and 
no observable photoluminescence when illuminated under UV light 
(SI Ap-pendix, Fig. S2). Placing the reactant mixture on ice essen-
tially arrests smCSE activity, allowing a specific population of 
particles with a given set of photoluminescent properties to be 
collected. 
 
Enzymatically Synthesized CdS Quantum Dots 
Are Monodisperse and Crystalline  
Crystallites were harvested from solution after 180 min of growth 
(absorbance maximum at 350 nm) and analyzed via scanning 
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Fig. 1. Optical properties of CdS versus synthesis time. (A) Absorbance spectra 

of smCSE (0.1 mg/mL) incubated with 4 mM L-cysteine and 0.5 mM cadmium 

acetate for various time intervals. (B) Corresponding fluorescence spectra at 

selected time intervals using an excitation wavelength of 350 nm. (C) Photo-

graphs of photoluminescence under UV light at various time intervals. The red 

shift of the absorbance and fluorescence maxima indicates an increase in the 

mean size of the CdS nanocrystals with incubation time. 

 
transmission electron microscopy (STEM). Fig. 2A shows the 
existence of discrete, but irregularly shaped and overlapping, 

nanocrystals between 2–4 nm in diameter. Elemental analysis 
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from this region using X-ray energy-dispersive spectroscopy (XEDS) 
(Fig. 2B) reveals strong Cd and S signals. The presence of strong Cu 
and C peaks are artifacts arising from the copper mesh TEM grid 
coated with a carbon film. High-resolution high-angle annular dark 
field (HAADF) imaging of individual and isolated particles confirms 
the size of the nanocrystals and the presence of both wurtzite (Fig. 2 C 
and D) and zinc-blende structured (Fig. 2 E and F) nanocrystals. The 
lattice parameters and interplanar angles of these crystals are consistent 
with those for CdS (SI Appendix, Tables S1 and S2). These lattice 
parameters and both crystalline phases have been observed for 
chemically and biologically synthesized CdS nanocrystals (21, 36). 
Powder X-ray diffraction measurements (SI Appendix, Fig. S3) on 
material harvested after 12 h growth is also consistent with the presence 
of both structures of CdS.  

The irregular shape of the biomineralized nanocrystals prevents a 
precise comparison with reported literature correlations (46) for the 
optical properties as a function of particle diameter. However, for 
all reported growth times, the absorbance maximum (Fig. 1A) 
remains well below the absorbance maximum corresponding to the 
band gap of bulk CdS (2.5 eV, 495 nm) (47, 48) and the observed 
biomineralized CdS nanocrystals size is well within the quantum 
confined size range for CdS (47). The observed red shift in optical 
properties with growth time (Fig. 1 A and B) is indicative of CdS 
nanocrystal growth as a function of time within this quantum-
confined size range. For reference, our previous work (32) dem-
onstrated that absorption peak maxima of 324, 334, and 344 nm 
correspond to biomineralized nanocrystallite sizes of 2.75 ± 0.68, 
3.04 ± 0.75, and 3.36 ± 0.95 nm, respectively. Additionally, 
smCSE-produced CdS nanocrystals show similar quantum yield 
(1.8%) compared with synthesized CdS nanocrystals from S. 
maltophilia (2%) (32). 
 

CdS Quantum Dot Growth Depends on both H2S 

Production and Available Capping Agents  

Although L-cysteine is a substrate for smCSE to generate H2S, it can 

also act as an aqueous phase capping agent for CdS (34). To confirm 
the dual role of L-cysteine as the sulfur source and capping agent, CdS 
biomineralization was studied as a function of L-cysteine concentration. 
At a concentration of 4 mM L-cysteine, found to be the practical lower 
limit for nanocrystal synthesis at 0.1 mg/mL smCSE and 0.5 mM 
cadmium acetate, the observed optical absorbance maximum increases 
with time, reaching 370 nm after 4 h of growth (Fig. 3A); longer 
growth times beyond 4 h led to formation of bulk CdS with an 
absorbance maximum consistent with bulk CdS (SI Appendix, Fig. S4). 
Increasing L-cysteine concen-tration to 10 and 20 mM red shifts the 
absorbance maximum and corresponding photoluminescence during 
growth (Fig. 3 A and B).  

This red shift is indicative of an increase in CdS growth rate with 
increasing L-cysteine concentration for nanocrystals within the 
quantum confined size range and is particularly noticeable for the 
20 mM L-cysteine data. Interestingly, all of the growth curves reach 
similar maxima after 4 h: 370, 375, and 380 nm at 4, 10, and 20 
mM L-cysteine, respectively. At longer growth times the solutions lose 

optical clarity, indicating a maximum in the solubility of the pre-
sumably L-cysteine–capped nanocrystals; images of solutions illumi-
nated by using UV light at each L-cysteine concentration and growth 
time are given in Fig. 3B to demonstrate optical clarity at each solution 
condition.  

To further demonstrate that thiol-mediated capping is impor-tant 
for stabilizing the nanocrystals, glutathione was introduced into the 
enzymatic synthesis mixture. Glutathione is a capping agent 
derived from L-cysteine and L-glutamine that has been shown 
previously to stabilize water-soluble CdS nanocrystals (22, 49). 
However, unlike L-cysteine, glutathione is not a substrate for CSEs  
(50) and, therefore, acts solely as a capping agent. No nanocrystal 
formation was observed in the absence of L-cysteine which clearly 
demonstrates that L-cysteine is the sulfur source for the nano-crystal 

growth through the enzymatic generation of H2S.  
In the presence of 4 mM L-cysteine, 1 and 4 mM glutathione 

addition yielded growth curves and absorbance maxima at 4 h (375 
and 385 nm for 1 and 4 mM glutathione, respectively), similar to 
those with elevated L-cysteine concentration, although the solu-
tions maintain optical clarity after 5 h of growth (Fig. 3 C and D). 
This retention of optical clarity is indicative of increased sta-
bilization of the aqueous nanocrystal solution with the gluta-thione 
capping agent versus L-cysteine capping agent. Although the 4 mM 
glutathione growth curve shows some indication of a decreased 
growth rate, this phenomenon is clearly observed upon increasing 
the glutathione concentration to 10 mM. Compared with lower 
glutathione concentrations, the 10 mM glutathione growth curve 
shows a blue shift in absorbance maximum at all growth times and 
yields an optically clear so-lution with absorbance maximum at 400 
nm after 24 h of growth (Fig. 3 C and D). 

To further demonstrate the role of glutathione as a capping agent, 
the absorbance maximum and L-cysteine concentration were 
measured as a function of time (SI Appendix, Fig. S5) in the 
presence and absence of glutathione. Whereas L-cysteine deg-
radation is not influenced by the presence of glutathione, the 
absorbance maximum occurs at lower wavelength, indicating a 
smaller average particle size, for the glutathione containing sample. 
This reduction in average size is consistent with the capping role 
envisioned for glutathione because an increased capping agent 
concentration will lead to smaller average particle size. Where the  
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Fig. 2. HAADF-STEM characterization of smCSE-

synthesized nanocrystals. Representative image show-ing 

numerous dispersed but overlapping nanocrystals (A); 

XEDS spectrum confirming the coexistence of Cd and S in 

the nanocrystals (B); example images from wurtzite CdS 

nanocrystals viewed along [101] and [211] projections, 

respectively (C and D); example images from zinc-blende 

CdS nanocrystals viewed along [110] and [211] 

projections, respectively (E and F). 
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Fig. 3. Control of nanocrystal size by the coaddition of 

L-cysteine and glutathione. Absorbance maximum 

versus reaction time for preparations containing 4, 10, 

and 20 mM of L-cysteine (A); Corresponding photo-

graphs of the solutions in A under UV illumination (B); 

optical absorbance maximum versus reaction time for 

4 mM L-cysteine supplemented with 1, 4, and 10 mM 

of glutathione (C); and corresponding photographs of 

the solutions in C under UV illumination (D). For all 

syntheses, smCSE and cadmium acetate concentra-

tions were kept constant at 0.1 mg/mL and 0.5 mM, 

respectively. 

 
L-cysteine concentration-dependent stabilization and growth of CdS 

nanocrystals is due to its role as both a capping agent and substrate for 

smCSE, addition of a thiolated capping agent gluta-thione that is not a 

substrate for smCSE stabilizes the nanocrystal solution and shifts the 

crystal growth curve to a lower average size at a given time. 

 
smCSE Regulates CdS Nanocrystal Growth and 

Size Independent of H2S Generation  
To ascertain the role of smCSE in directing the structure and size of 

the CdS nanocrystals, L-cysteine was replaced with Na2S to act as 

the sulfur source. Na2S is not a substrate for smCSE, such that H2S 

will not be produced by smCSE under these conditions, but Na2S is 
a sulfur source in the aqueous chemical synthesis of CdS 
nanocrystals in the presence of thiolated ligand capping agents (35). 

Addition of Na2S (4 mM) to an aqueous solution of cadmium 
acetate (0.5 mM) at room temperature leads to nearly instantaneous 
formation of large aggregates of bulk CdS, with no distinct 
absorbance maximum (Fig. 4A) or photoluminescence (Fig. 4B). 
This immediate formation of bulk material is due to the lack of a 
capping agent to control nano-crystal growth. However, when 
smCSE (0.1 mg/mL) is added to the solution, a distinct absorbance 
maximum rapidly emerges at 360 nm (Fig. 4A), indicating the 
formation of CdS nanocrystals. The formation of CdS nanocrystals 
in the absence of the sub-strate L-cysteine clearly indicates the role 
of smCSE in tem-plating and controlling the growth of CdS 
nanocrystals.  

Absorbance and photoluminescence characteristics indicative of 
nanocrystal formation were also observed if known capping agents 
L-cysteine or glutathione were present (Fig. 4 A and B). The 

 
absorption maxima for the glutathione and L-cysteine capping li-
gands are sharper, which likely reflects their higher affinity for the 
particle surface and their smaller size, both of which lead to higher 
coverage on the particle surface during growth (21, 51). Thus, in all 
three cases, smCSE, L-cysteine, and glutathione act as structure 
directing agents to form CdS nanocrystals, rather than bulk CdS, 

from Na2S and cadmium acetate. Therefore smCSE has the in-
trinsic ability to regulate CdS nanocrystal growth independently 

from, and in addition to, its role in reactive H2S generation (Fig. 
4C). 
 
Discussion  
This work clearly demonstrates the ability of a single enzyme (smCSE) 
to produce both crystalline CdS (Fig. 2) and regulate growth to form 

nanocrystals within the quantum confined size range (Fig. 1). Previous 
studies involving enzymatic or peptide-based biomineralization of 
metal sulfide nanoparticles have demonstrated either CdS formation 

from enzymatically generated H2S without intrinsic size control (31, 

33), or have demonstrated nanocrystal size control by adding specific 

peptides or proteins and use reactive Na2S as a sulfur source (21–23). 

As an example, Wang et al. overexpressed Treponema denticola CSE in 
E. coli (33) and demonstrated that aqueous cadmium ions were 
removed under aerobic growth conditions. In this instance, the flux of 

H2S from the cell surface led to the nucleation and growth of CdS 

precipi-tates over the course of 48 h without apparent size control. An 
alternative example used engineered overexpression of cysteine-rich 
phytochelatin peptides in E. coli (29), which are known to sequester 
metal ions in solution, to produce 3–4 nm CdS nanocrystals in E. coli 

cells in the presence of the reactant Na2S. In contrast, smCSE acts 

 
  



both as the sulfur generating source to mineralize CdS (Fig. 1) and 
as a structure directing agent to control nanocrystal growth (Fig. 4). 
Thus, smCSE efficiently combines mineralization and templating 
into a single enzyme (smCSE; Fig. 4C) that are engineered sepa-
rately in other biomineralization strategies.  

The combination of H2S generation and controlled growth afforded 
by smCSE is remarkable compared with other enzymatic and peptide 
approaches to nanocrystal synthesis. In the presence of excess capping 
agents (L-cysteine or glutathione) under conditions where smCSE can 

generate H2S, we find that the CdS nanocrystals can span a range of 
quantum confined sizes and resulting optical properties (Fig. 3). 
Reducing the amount or quality of capping agent limits the stability of 
the resulting colloidal solution (Fig. 3). It is noted that the addition of 
capping agents L-cysteine or glutathione appear to improve the 
nanocrystal quality as well through providing capping agents with 
smaller size and higher affinity for the particle surface (21, 51). 

Independent of its role in H2S generation, smCSE is also capable of 
templating CdS nanocrystals from solution when using chemical 

precursors such as Na2S (Fig. 4), to exhibit intrinsic structure directing 
and capping activity similar to naturally occurring phy-tochelatins (22, 
23, 29) or nanocrystal-binding peptides (21, 24, 28).  

In a previous study using the protein pepsin as a templating agent 
(52), the rate of reactive sulfur generation and subsequent 
nanocrystal synthesis was at least an order of magnitude slower 
than that of smCSE (days versus hours). This rate is dictated by the 
slow, spontaneous hydrolysis of thioacetamide to generate reactive 

sulfur, in contrast to the smCSE-catalyzed H2S gener-ation 
demonstrated in this work.  

Given the intrinsic heavy metal resistance of S. maltophilia (41), 
our results would suggest that smCSE secretion may be one of 
several independent mechanisms of heavy metal resistance used by 
microorganisms to both sequester metal ions and convert them into 

insoluble precipitates outside of the cell. The strategy demonstrated 
herein distills the potential complexity of biomineralization down 
to its simplest form: a single enzyme. The ongoing challenge is to 
develop strategies that enable a wider range of materials synthesis. 

In summary, an engineered smCSE is capable of controlled CdS 
nanocrystal synthesis directly from aqueous solution by us-ing L-
cysteine and cadmium acetate as reactants. Furthermore, the ability 
of smCSE to mineralize CdS and template nanocrystal formation 
provides a single enzyme route for engineered nanocrystal 
biomineralization. 
 
Materials and Methods  
Expression, Purification, and Kinetics of Recombinant CSE. An E. coli codon-

optimized form of the putative S. maltophilia CSE (Smal_0489; Genscript) was 

subcloned into pET28a (+) and transformed in BL21 cells with expression and 

purification as described (53). Detection of H2S product formation using the 

substrate L-cysteine to determine Michaelis–Menten rate parameters was 

performed as described (54). 

 
Cadmium Sulfide Nanocrystal Biosynthesis. smCSE (0.1 mg/mL) was 

incubated with 0.5 mM cadmium acetate and 4 mM L-cysteine in 100 mM Tris 

buffer (pH 7.5). CdS nanocrystal formation was directly observed in solution as 

a function of time by illumination using a UV lamp. Absorbance spectra for CdS 

nanocrystals were taken at regular time intervals on a Shimadzu UV-Vis 3300 

spectrometer, and fluorescence emission spectra were measured on a PTI 

QuantaMaster fluorimeter with a 350-nm excitation wavelength by using a 5-

nm excitation slit width. To demonstrate the ability of CSE to control CdS 

nanocrystal growth and size in-dependent of H2S generation, Na2S was added 

instead of L-cysteine to a final concentration of 4 mM in a solution containing 

0.5 mM cadmium acetate and 0.1 mg/mL CSE. Absorbance and fluorescence 

spectra as well as direct observation of solutions under UV light were used to 

characterize the optical properties of the CdS nanoparticles in solution. 
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Fig. 4. smCSE forms nanocrystals in the absence of L-cysteine or glutathione. (A) UV-visible absorbance spectra obtained upon the addition of 4 mM Na2S to a 

preparation containing 0.5 mM cadmium acetate in the presence of smCSE, 4 mM L-cysteine, or 4 mM glutathione. A solution of Na2S added to 0.5 mM cadmium 
acetate is shown as a control. (B) Corresponding fluorescence (excitation at 360 nm) of solutions in A. (C) Schematic of proposed CdS quantum dot synthesis by 

smCSE. smCSE associates with cadmium acetate and L-cysteine present in solution, smCSE degrades L-cysteine to produce H2S, H2S produced by smCSE 

nucleates CdS nanoparticles, and CdS nanoparticles continue to grow upon the continuous generation of H2S. 

 



X-Ray Diffraction. Incubation of CSE with cadmium acetate and L-cysteine for 16– 24 

h led to the formation of solutions of CdS particles displaying optical charac-teristics 

indicative of bulk as opposed to nanoscale material (SI Appendix, Fig. S4). This bulk 

CdS was collected by centrifugation and washed twice with absolute ethanol and 

dried under ambient conditions. Powder XRD spectra were taken of the resultant 

dried material on a Rigaku Miniflex II Diffractometer by using Cu Kα (1.542 Å) 

radiation. Spectra were compared with standard XRD patterns for wur-zite type CdS 

(PDF card no. 00-006-0314) and zinc blende type CdS (PDF card no. 00-010-0454) 

from the International Centre for Diffraction Data (ICDD) database. 

 
Transmission Electron Microscopy. Biosynthetic CdS nanocrystals were grown 

for 3 h, corresponding to an absorbance maximum at 350 nm, and 
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