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ABSTRACT 

The logarithmic der'i vati ve of the reflectivity is 

measured for Ag and Au for 2.0 ~hw ~ 6.0 eV at T = 5, 

80, and 300K. The results are compared with a calculated 

spectrum. 

In this letter we present experimental and theoretical wavelength 

modulation spectra for Ag. and Au from 2.0 to 6.0 eV. Measurements were 

done on electropoJished samples. The results are shown in Figs. la and 

2a respectively for Ag and Au at 5 and 300K. The spectra at 80K are not 

very different from those at 5K. 

As in the case of Cu, 1 the structure in the measured derivative spectra 

for Ag and Au can be identified by comparison with a theoretical spectra 

based on a band structure calculation using the empirical pse\ldopotential 

2 
method. The four local pseudopotential form factors and the four parameters 

relating'to the .Q, = 2·nonlocal pseudopotential· (see TAble I) are determined 

by fitting the density of states .for these materials which was measured 
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by Smith. 3 To calculate the logarithmic derivative reflectivity, 

R 1 (w) /R(w), we ;first calculate the imaginary part of the dielectric 

function e:
2 

(w) for interband transitions by using wave functions including 
. . l 

core effects. The important core states (4s and 4p for Ag; 5s and 

5p for Au) are approximated by hydrogenic wavefunctions with an effective 

atomic number, Zeff" For Ag, we use Zeff = 17.5 and for Au, Zeff = 16. 

To the interband dielectric function, we add the free-electron contribution, 

f( ) . ...:14 4 e: w ; since the electron lifetime is of the order of 10 sec for 

Ag and Au, the imaginary part of Ef(w) can be neglected. We use 

* * m = 1.09 m . for Ag and m = 1.38 m for Au. 
0 0 

The results of the calculated and measured R'(w)/R(w) for Ag and Au 

are plotted in Figs. l and 2 respectively. For Ag, the calculated inter-

band transitions start at 3.99 eV. Most of the transitions come from 

states near the 6. point in the Brillouin zone between the l~th and 5th 

bands and the Fermi surface. Core contributions to the dipole matrix 

elements enhance the interband e:
2

(w) which when combined with e:f yield 

the strong dip in this region of R'(w)/R(w). The difference in the 

position of this dip between theory and experiment is 0.22 eV. This 

could have been improved if we had fit the pseudopotential parameters 

to R' (w)/R(w) instead of photoemission measurements. The .calculated 

R'(w)/R(w) shows some structure in the region hw ~ 4.3 eV. From the 

critical point, (c.p.) analysis, there is an M
0 

type c.p .. from 1
2

, 

transitions at 4.27 eV. These transitions are strengthened by the 

transitions inside the Brillouin zone. The corresponding experimental 

curve does have a hint of structure. and there is a flattening of the 

R' (w)/R(w) in this region of photon energy. The zero of Ri (w)/R(w) at 
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photon energy higher than 4.5 eV is at 4. 55 eV in the experimental result 

while the theoretical result gives the corresponding zero at 4.7 eV. Both 

the measured and the calculated ,R' (w) /R (w) do not exhibit any pronounce'd 

structure for photon energy between 5.0 and 6.0 eV. The c.p. analysis 

show that there is an M
1 

c.p. at X from x
5

-+ x
4

, transitions at hw = 5.54 eV. 

However~ there is not much contribution from the transitions within the 

Brillouin zone to strengthen this critical point. 

For Au, ,the general structure of the experimental and calculated 

R' (w)/R(w) agrees quite well. For the theoretical curve, the interband 

transitions starting at 2.3 eV, come from~ with final states on the 

Fermi surface. As in the case ofAg, the strong dip in R'(w)/R(w) at 

2.55 eV arises from the onset of interband transitions and from E/(w). 

Experimentally, the dip occurs at 2. 5 eV. The "shallow" zero of the 

calculated R'(w)/R(w) at 3.3 eV comes from a large volume effect while 

an M1 c.p. from bands 5-+ 6 at X gives rise to the zero in R'(w)/R(w) 

at 4.05 eV; the corresponding zero in the experimental curve is at 3.8 

eV. The structure beyond 5.0 eV in the theoretical curve arises from 

a volume effect of 2-+ 6 transitions. Since we have taken a rather 

coarse mesh for the E
2

(w). calculation, volume effects are emphasized. 

We believe this is why the structure near 3.3 and 5.3 eV.in the theoreti-

cal curve is not apparent in the measured R' (w)/R(w). 

In conclusion, the main structure in the measured and the calculated 

curves agree to around 0.2 eV. This effective mass for Ag is determined 

to be 1.09 m ; this value is in good agreement with the estimate of 
0 

Ehrenrei.ch et al. 5 of (1.03 ± o.o6)m . For Au, we used an effective 
-- 0 

mass of l. 38 m
0

, similar to that for Cu. This value is in disagreement 
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with the value 1.04 m obtained by Cooper, Ehrenreich, and Philipp.
6 

0 
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TABLE CAPTION 

Table I. Pseudopotential parameters for Ag and Au. 

:i'"IGURE CAPTIONS 

Fig. l. The measured and the calculated R' (w)/R(w) for Ag. 

Fig. 2. The measured and the calculated R' (w)/R(w) for Au. 



Pseudopotentia:1 
Parameters. 

V(G2=3) 

V(4) 

V(8) 

V(11) 

A2 

Rs 
a. 

K 

kF 

a(1attice constant) 

Ag 

0.022 ryd. 

0.023 

0.0362 

0.0162 

-8.4610 

0.9447A 

0.43 

2.08(2TI/a) 

2.4A-1 

4.o8A 

-5-
Ta.b1e I 
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Au 

0.0031 ryd 

0.0089 

0.0362 

0.0339 

-5.2164 

1.059A 

0.292 

2.53(2TI/a) 

2.4A-1 

4.o8A· 



) 

) 

) I 2 3 5 E(eV) 

2. --5°K 
) 

3 L (a) 
) .. 

· ---300° K 

Experiment 
) 

, 
), 2 3 5 

)tl I lt:t~ I ) - -[- Lu t E( eV) 
2 ·1 X--+X' 

. 5 4 

3 
) (b) Theory 
¢. 
) 

..f~ I [,~ 

t 
c 
f 



L.() 

N 

C\J 

I 
I 
I 
I 
I 
I 
I 

0 

w 

C\J 
I 

c~:x: 
Q)o.oo· 

E 
l{) ' 

' 0 
ro !II-- ...•.. 

Q) I 

0.._ I 
X 
w 

c 

~ (.0 
• .. I 

L.() 

N 

co C\J o· 
I 

> 
_(]) 
......... 
w 

N -~ <.0 aJ 
I I 



D 

.. 

r-----------------LEGALNOTICE------------------~ 

This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the United 
States Atomic Energy Commission, nor any of their employees, nor 
any of their contractors, subcontractors, or their employees, makes 
any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness or usefulness of any 
information, apparatus, product or process disclosed, or represents 
that its use would not infringe privately owned rights . 



'!! '*-., 

TECHNICAL INFORMATION_DIVISION 

LAWRENCE BERKELEY LABORATORY 

UNIVERSITY OF CALIFORNIA 

BERKELEY, CALIFORNIA 94720 

"'"' ·- ,•' 




