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Structure of Amorphous Selenium by 2D 77Se NMR Spectroscopy
Marple, M.A.T. and Sen, S. (U. of California, Davis, Materials Science and Engineering); Badger, J. and Kovnir, K. (U. of California, Davis, Chemistry); Hung, I. and Gan, Z. (NHMFL)

Introduction
Amorphous or glassy selenium (g-Se) is a unique photoconductor material that has found wide ranging technological applications that involve detection and imaging. Consequently, the structure of g-Se has been studied quite extensively in the past using a wide variety of diffraction, spectroscopic and molecular simulation techniques. Surprisingly enough, in spite of its chemical simplicity, the structure of g-Se remains controversial to date. All structural models proposed in the literature to date for g-Se suggest a coexistence of polymeric (1(Se) chain and Se8 ring elements, which differ primarily in the relative dominance of these structural elements. Moreover, in analogy with liquid sulfur, the relative fractions of the chain and ring elements in selenium are considered to be dependent on the thermal history in the glassy state.  In this study, we have utilized 2D 77Se Magic Angle Turning Phase Adjusted Spinning Sideband (MATPASS) NMR spectroscopy in combination with ab initio calculations of 77Se NMR parameters to carry out a comprehensive structural investigation of crystalline α-Se, t-Se and amorphous g-Se (glassy selenium) phases.
Experimental

The g-Se sample was synthesized by a standard melt-quench method in a fused quartz ampule. The t-Se crystal (99.999%) was purchased from Alfa Aesar. The (-Se sample was synthesized under solvothermal conditions [1]. The 2D 77Se MATPASS NMR spectra of these samples were measured at NHMFL using a 31-mm bore magnet (19.6 T) operating at a 77Se Larmor frequency of 158.7 MHz and a 63-mm bore magnet (18.8 T) operating at a 77Se Larmor frequency of 152.7 MHz. The crushed samples were packed into a 3.2 or a 4 mm ZrO2 rotor and were spun at 10 kHz. The details of the pulse sequence and timings can be found in [1]. The sample temperature was maintained at 10°C throughout the duration of these NMR experiments to avoid any sample heating from the spinning to ensure the stability of the (-Se and the g-Se phases.
Results and Discussion

[image: image2.png]2) -250

—500
—400
-300
-200
-100

"'Se Anisotropic Chemical Shift (ppm)

0|
100
200
300
400

b)

a-Se

R ]
t-Se, .
impuriyy ]
T

1200 1100

1000 900 800 700 600 500 400 300
"Se Isotropic Chemical Shift (ppm)

r T
1200 1100

T T T T T T T
1000 900 800 700 600 500 400 300
"'Se Chemical Shift (ppm)




Detailed analyses of the 77Se MATPASS NMR spectra (Fig. 1), in combination with ab initio calculations of the 77Se NMR parameters in the crystalline polymorphs of Se indicate that the 77Se chemical shift parameters of the Se8 ring sites in α-Se including the Δ and η values (~ (450 ppm and 0.15-0.45, respectively) are markedly different from the values (Δ and η ~ (150 to (250 ppm and 0.7-0.9, respectively) characteristic of the Se chain site in t-Se and of the Se environments in g-Se. Consequently, the structure of g-Se consists practically entirely of randomly coiled (1(Se) chains [1]. 
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When taken together, these results unequivocally demonstrate that (i) the Se8 rings and the (1(Se) chains are characterized by their unique 77Se NMR signatures and (ii) the structure of amorphous Se consists exclusively of (1(Se) chains.
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Fig.1. Left: 77Se MATPASS NMR spectra of g-Se (top) and α-Se (bottom). 


           Right: 77Se Isotropic NMR spectrum of α-Se.











