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The silver atom free from external forces is expected 
to show pararnanetic susceptibility. If atonilc silver can 
be produced in the presence of ionic or metallic silver, 
both of which are diamanettc, a 1are change in suscepti_ 
billty per mole should occur. The purpose of thi& pre- 
liminary invest1ation is to determine whether this expected 
susceptibility can be detected when a syEte believed on 
other grounds to contain atoruic silver is prepared. 

Glass is composed of an overall random network of 5104 
tetrahedra, Interstitial positions in the lattice provide 
a location for neutral atoms such as silver. 

A consequence of this energy isolation is that the 
atoms f1uoresce Silver &.lases prepared with 0.5 silver 
nitrate in a silica a1s base under oxidizing conditions 
bow weak fluorescence if the melt is quenched, indicating 
that most of the silver is ionic. If oxidizing conditions 
are omitted, the glass fluoresces; this is attributed to 
atomic silver Thrmed by thexinal decomposition. If cooled 
slowly, the glass is yellow; the silver atoms have had time 
to coagulate to the metal. 

o 
ionic silver glass tre#ted with hydrogen gas a about 

100 0. develops fluorescence by chemical reduction o1 silver 
by hydrogen. Phosphate glasses are able to dissolve up 
to l6 silver phosphate, and to produce fluorescence Xray 
reduction i required. 

In the present work, silica glasses containing silver 
were produced and showed the fluorescence expected due to 
thermal decomposition of silver oxide. Hydrogenation in- 
creased he fluorescence, and heat treatment caused yellow 
coloration, accompanying fluorescence decrease. Phosphate 
glasses showed fluorescence similar to that previously re- 
ported, though a second preparation showed unreported 
fluorescent behavior. 

Magnetic measurements were made by the Gouy method. 
Calculations are given showing the maximum change mA W 
expected if silver lone are reduced quantitatively to 
the atom. 



Results with silicate glasses gave informative re- 
sults when the powders were heated in the weighing tubes 
at temperatures below 170°C. The slight changes found 
here corresponded to formation of metallic silver from 
the atoms; this magnetic change is in keeDing with the 
observed development of yellow color and fluorescence 
decrease. Other data on silicate glasses were not 
conclusive. 

Phosphate glasses were found to undergo parainagnetic 
changes in almost all cases following X-radiation, and 
with one grouo fluorescence change and colorations were 
observed. 

It was concluded that the very slight paramagnetic 
changes observed lent support to the theory of formation 
of atomic silver in glass, though the Dossibility of the 
results being due to random error was not excluded. 
echanisms were suggested to explain the results obtained with 

phosphate glasses. 
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LIAGNETIC PROPERTIES OF FLUORESCT SILVER GLASSES 

INTD DUCTION 

The silver atom free from external forces is 

expected to show paroxnagnetic susceptibility. The 

unpaired 5s electron in atomic silver, possessing 

a magnetic moment due to its uncompensc'ted spin, 

contributes a peiinanent magnetic moment to the atom. 

The expected susceptibility due to this spin msy be 

calculated usine the Van Vieck equation for multi- 

plet intervals small compared to kT, the thermal 

energy. The equation is (b, p.75) 

'X 1=[4ss + 1) + L(L + 1)3 (i) 

wherem is the susceptibility per mole, N is Ayo- 

gadro's number, S and L are respectively the spin 

and orbital ausntuni nunbers for the atom, k is the 

Boltzrnann constant, T is the absolute temperature, 

andais the value of the Bohr magneton. The latter 

is the unit of magnetic moment, being defined as 

(5, p.74) 

(= eh 
(2) 

where h is Plsnck's constant, e end m are respect- 

ively the electronic charge and mass, c is the 



velocity of light. With S = 
4' 

end L = O for the 

silver atom, solution of the equation at 3000 A. 

gives 
LI = 1240 X 1O c.g.s. uuiit. (3) 

The susceptibilities of ionic arid metallic silver 
are respectively _ X io6 (e, p. 225) and -21 X 

10_6 (5, p.190). Ii' atomic silver can be produced 

from these other forms it is seexi that a large 

change In susceptibility per mole should occur. 

Previously the magnetic inorrient of the silver atom 

has been demonstrated by Stern and Gerlach (6) but 

no detennination of atomic susceptibility has been 

made. The purpose of this preliminary investigation 

is to determine whether a susceptibility change can 

be detected when a system believed to contain atomic 

silver is prepared from one containing ionic silver, 
and to study in some detail the preparation and. 

fluorescent properties of certain silver glasses. 

Silver vapor fon.ìs at too high a te:werature to 

be experimentally practical. Recent work by Veyl, 

(10,11) has suggested that under certain conditions 

atomic silver may be fonied in silicate or phosphate 

glasses. The structure of glass is known due prim_ 

arily to the X-ray diffraction studies of VTarren (S) 



and study of glass composItions by Zacharalsen (12). 

Silica glass consists of a macroscopically random 

networI of 5iO4 tetrahedra, which has considerable 

short range order. acn silicon atoui has four oxygen 

nearest neighbors at a definite distance, while each 

oxygen atom is bonded to two Ellicon at:.E. T.e 

:v:iai1 .candoiness is due to the fast that the sill- 

con-oxygen-silicon bond angle is variable, thcuh 

close to i80°. Addition of sodium and calcium oxides 

to form the conventional soda-lIme glass results In 

double silicon-oxygen bonds; these loosen the net- 

work which gives a lower softening polnt. The metal 

ions assume lnterstiti1 positions in the "holes" 

of the silicon-oxygen network. 

These interstitiel positions provide a location 

for neutral atoms such as silver, which are thus 

vapor-like in that each atom is isolated from ohers 

by the network and thereby prevented from coagulting 

to trie metal, the st.b1e phase at room temperature. 

The perturbing influence of the network somewhat re- 

duces the similarity of the trapped atoms to actual 

vauor atoms. 

consequence of the energy isolation of mon- 

atolilic vaors is that they fluoresce. Absorbed light 
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causes electron transitions to higher energy levels, 

and as the electrons return to lower, more stable 

levels a fluorescent sectrum of discrete lines is 

forine, where isolation of the atoms prevents therii 

loss of the absorbed. energy. Similar fluorescence 

is observed for glasses containing substances which 

fluoresce as vapors, though the line spectra are re- 

placed by bands, as energy levels are no longer de- 

finite due to perturbation by the network. For exam- 

ale, certain selenium glasses show a red fluorescence 

under illumination by green light corresponding to 

fluorescent behavior of selenium vapors. Under cert- 

am conditions silver glasses show fluorescence. 

ihe fluorescent peaks observed by eyl (10, pp.74-7b) 

of 510 inp in silica glasses and 630 and 490 mp. in 

phosphate glasses containing silver are not the re- 

sonance lines 328 and 338 m%i observed in silver 

vapor (3, p.33); disappearance of resonance linee and 

shifts to longer wavelength are expected when a per- 

turbing environment is present. 

Silver ions behave simil&rly to the aLcali ions 

occupying lattice holes. Thus, glass has been ore- 

pared (11, pu.109-112) with up to O.5; silver nItrate 
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added to the regular batch corL)onents and. heated 

to a temperature of about 1400°C. If part of the 

sodium oxide is introduced as n1trte to maintain 

oxidizing conitions and the .elt is quenched in 

water on removal from the furnace, the resulting 

glass show very weak fluorescence, indicating that 

the silver is ionic. If nitrates are omitted but a 

similar procedure followed, the resulting glasses are 

still colorless, but possess rather high fluorescence. 

This fluorescence is attributed to atomic silver 

formed by decomposition of the oxide at the high melt 

temperature. If this glass is cooled slowly rather 

than quenched, the resulting glass will be yellow, 

and not fluorescent, blow cooling allows the silver 

atoms to migrate through the still somewhat fluid 

melt and condense to metallic silver, this occurring 

below 960°C., the melting point of silver. 

If glass oreoareä. under oxidizing conditions Is 

treated with hydrogen gas at a temperature of 85° - 

125e C., a fluorescent glass results similar to the 

glass prepared without oxidizing conditions (ii, pp. 

109-112). With the glass finely powdered, hydrogen 

can diffuse throughout the glass within a few hours 



time. The fluorescence increase is attri.buted to 

chemical reãuction: 

A1 .1. H2 A H. 

The hydrogen i3ns probably form water with the excess 

oxygen in the glass network. Heat treatment of this 

glass reCtuces fluorescence as low as 1500 C., and as 

fluorescence decreases the yellow color of silver in- 

creases. Preparation of collolual fluorescent silver 

glasses from the less fluorescent ionic silver glass 

has also been accomplished using X-radiation and 

electron bombardment. 

Phosphate glasses, containing aluminum, barium, 

and potassium inetaphosphates can be prepared contain- 

ing up to l6 silver phosphate without formation of 

colloidal silver on quenching. (10, pp.73,75). The 

stronger forces in the glass required to dissolve 

the silver ions make difficult the reduction process, 

but this cen be accomplished with X-radiation. 

Glass originally nun-fluorescent to the 365 mjU 

rercury line develops an orange to yello; fluorescence. 

decently Corning Glass Works has developed a 

silver-containing photosensitive glass (6) . Their 

original material employed, the usual soda-lime base 

glass with 0.05 - 0. silver, melted under oxidizing 
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conditions. Their newest (unpatented) glass con- 

tains considerably less silver, ceriur:. as a sensi- 

tizer to aid the photochemical reduction and also 

antimony oxide to aid in thermal reduction. This 

glass when irradiated with ultraviolet libt from a 

carbpn arc for a suitable time of exposure, and then 

heated to around 600° C. develops a yellow image 

throughout the irradiated areas. Presumably photo_ 

cheniic4 reduction of the silver occurs. In greater 

detall, the glass after irradiation is said to be 

a latent image composed of photoelectrons trapped 

interstitially. Reduction by ionic capture of the 

photoelectron does not occur until heat treatment. 

The mechanism suested is: 
Ag+ hU= Ag+a 

+ 
E +Ag = Ag. 

With the cerium-conta 

the photoelectron for 
During the subsecuent 

silver is reduced and 

the colloidal state. 

Lning glass, Ce provided 

subsequent reduction of silver. 
heat-treatment the rest of the 

silver atoms coagulate to forni 

Lagnetic measurements have been powerful in 

solving problems of glass constitution. Thus Bhat- 

nagar et al (i) have shown that decolorized. 
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mananese-contain1ng phosphate and borax 1asses 

contain L1n, and that pink glasses contain 

by comparing experimental susceptibilities with 

those calculated by the Van Vieck equation. 

Previous work at this institution (unpublished) 

involved electrolytic migration of silver ions from 

a molten silver nitrate into glass tubes. No appre- 

ciable fluorescence or magnetic change was observed 

after treatment with hydrogen for a few hours at 

ebout 1000 c., though strong yellow-brown coloration 

developed on subeeuent heat-treatment of the tubes. 

The hydrogen treatment was too brief to give exten 

sive reduction of ionic silver; Veyl (io, p. 72) 

states that about two weeks at 1000 C. are required 

for a hydrogen penetration depth of 1mm. into glass. 



PREPARATION AND TREAT11ENT OF GLASSE8 

ihe aim is to produce glass which is initiliy 

as non-fluorescent as possible, and, after ueter- 

mining susceotibilit to produce the maximum pos- 

sible increase in fluorescence, corresponding in 

theory to a maximum change in concentration of atom- 

le silver. The paramagnetic increase accompanying 

this Drocess should have its largest value. 

blilcate glasses containing silver were first 

)repred by adding silver nitrcte to a molten batch 

or commercial soft glass. Due to the large amounts 

of impurities present, detrimental to a magnetic 

study, susequent glasses were prepared from ure 

glass constituents. A typical batch consisted of 

6b;o silicon dioxide (prepared by drying silicic acid 

at approximately 500°C. to constant weight); 25; 

sodium oxide, b of which was introduced as the 

nitrate to maintain oxiaizing conditions and the re- 

rnaino.er as the carbonate; lO calcium oxide; and 

O.25; silver nitrate. All the constituents were C. 

P. chemicals. The rather high soda content allowed 

lower working teinoerstures of' the glass melt, though 

tne effectiveness of the glass in dissolving ionic 

silver is somewhat decreased. 
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The constituents were melted in la:ed porce- 

lain crucibles, chosen as the most satisfactory con- 

tainer considering the reported high purity of the 

glaze, consisting of alkali and aluniinuin silicates. 

A small platinum resistance furnace was used to pre_ 

pare the melts, operating at about 1400°C. Following 

the melting operation the glasses were quenched in 

water to prevent aggregation of any thezaally reduced 

silver, then dried and powdered. Preparation of glass 

in plate form was not attempted due to the necessity 

of quenching. Usually some small yellow areas ap- 

peared in the quenched glass. 

Fluorescence was observed with a low-pressure 

mercury vapor lamo with a Corning 98ô3 ultraviolet 

filter giving predominantly the 254 m,U line. The 

glasses as prepared above are quite fluorescent, more 

so than corresponding non-silver glasses, indicating 

that thermal reduction to atomic silver has occurred 

in the melt. In silver and non-silver glasses alike 

a strong fluorescence was observed at the melt-glaze 

interface, due perhaps to an unfamiliar aluminum 

silicate, or to heavy metal inpurities such as zinc 

in the glaze. The slight afterglow of the mixed con- 

stituents (due to sodium carbonate and calcium oxide) 
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was not present after melting. No change in fluores- 

cence was observed for a number of glasses placed in 

a magnetic field or about 1500 oersteds. 

Hydrogenation was performed by sealing the pow- 

dered glass in a glass tube with hydrogen at slightly 

more than one atmosphere pressure. Heating at approx- 

imately 8500. for several houfs followed, being time 

enough to enable complete diffusion of hydrogen and 

reduction of silver to occur (iO, p.72). At higher 

temperatures, coagulation to give silver-yellow glass 

occurs. 'Ihe expected strong fluorescent increase was 

observed following hydrogenation. 

'iith X-radiation, no cilange in color, fluores- 

cence, or magnetic susceptibility of the typical silver 

silicate glass was observed. 

With heat treatment, as the yellow color of 

colloidal silver appeared the fluorescent intensity 

decreased, as found by eyl. 

binillar investigations were made on Corning photo- 

sensitive silver glasses. Following the experimental 

work on these glasses it was learned (private communi- 

cation) that they did not correspond, as previously 

believed, to a patent similar to the above silica 

glasses, but contained aduitional substances, cerium 
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and antimony oxide, and a very low concentration of 

silver, 0.002%, reducing their pertinence to the prob_ 

lem. They were given ultraviolet Irradiation treat- 

ments with a Leitz carbon arc lamp carrying approxi_ 

mately twenty amperes. Fluorescence was found to de- 

crease with length of irradiation, and a slight yellow 

color developed. These effects are attributed, res- 

pectively, to decrease in the amount of Ce by 

photochemical oxidation end to foration of small 

amounts of coagulated Buyer due to the considerable 

heating effect of the arc. 

The composition of the phosphate glasses studied 

by VIeyl (10, p. 73) is given as 5O aluminum meta- 

phosphate and 25% each of barium and potassiun ¡neta- 

phosphates. To duplicate this composition calculat- 

ed amounts of aluminum hydroxide, barium nitrate, 

potassium nitrate (nutrates to naintain oxidizing 

conditions), ad phosphorus pentoxide to give the 

above ratio of metaphosphates were mixed end silver 

phosphate added to two batches corresponding to 8 

and 16 by weight of the final glass. These end a 

third portion containing no silver were first heated 

slowly in porcelain to remove excess nitric oxide and 

water nd then heated with a high Meker burner flame. 

The melt on cooling (not quenched) developed no yellow 
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coloration, i11ustratin the strong bonding of the 

silver in these 1asses. The fluorescence of tue 

powdered product varied from none observable rar non- 

silver glass to a medium and strong white fluorescence 

for the 16 and S silver phosthate glasses respect- 

ively. Fluorimetric measurements by VTeyl (io, p.75) 

show a shift to a shorter wavelength fluorescent peak, 

of low intensity, going from 8% to l6 silver phosphate, 

in agreement with these observations. 

Following ten minute radiation with a tungsten 

target X_r tube operating at 68 kilovolts and 10 

milliamperes, a slight fluorescence gain was noted 

for both silver-containing glasses using a filtered 
high pressure mercury vapor source. Subsequent radi_ 

ation with a copper target X-ray tube operated at 40 

kilovolts and 18 milliamperes for 10 minutes gave a 

further, slightly greater fluorescence increase. (1:o 

fluorescence changes were observb1e with the 254 

line.) 
Second batches of the silver-containing phosphate 

¿lacs were prepared by heating the glass prepared 

above to a much higher teraperature, approxLaately 1400°C; 

the non-silver phosphate glass was prepared from the 

previous mixed constituents heated gradually to this 
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temperature. The quenched 1asses were all color- 

less. The non-silver 1ass was again non-fluorescent, 

but the 16 silver phosphate class had a slightly 

higher fluorescence than the 8% silver phosphate 

glass. With tungsten-tret X-radiation, a fluor- 

escence decrease occurred in both silver glasses. 

These irradiated in the weighing tubes showed very 

interesting slight color changes on the side of the 

tube facing the X-ray source. The non-silver glass 

had a slight pink tinge while both silver glasses 

were faintly yellow. Stookey (7, p.860) states that 

under certain conditions metal atoms in glass appear 

to be colored. These results will be discussed 

below. 

There is always the possibility in work with 

fluorescent materials that unexpected foreign 

substances are causing observed fluorescence, and 

precautions have been t3ken to keep away foreign 

substances, in particular ferromagnetic materials. 
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MAG-NETIC II1EASUP.ETS AND RESULTS 

The Gouy method used for all measurements em- 

ployed the electroinaßnet and controls described pre- 
viously (3, pp. 3932-3983). In place of' the torsion 
balance used previously, a Christian ecker balance 

senFitive to 0.01 m. was employed. 

The equation re1ting change in weight to sus- 
ceptibility is (4, p.2) 

Force = gW = 4(H - H ) (tcj-r2) A (4) 

where FI1 and H2 are respectively the maximum and min 

i.mum fields experienced by the saPle,i and)2 are 
the volume suscentibilities of the sample arid air, and 

A is the cross-sectional area of the sample. with a 

long sample so that H2 may be neglected, and neglect- 
ing the susceptibility of air, we have 

AW= L1H' 
2g 

A rough ca1cultion, neglecting the diamagnetic con- 

tribution, of the maximum change in for formation 
of' atomic silver frau ionic silver follows. The molar 

susceptibility of atomic silver is, from equation (3), 
M = 1240 X 10_6. 

The susceptibility per grain is thus 

= 1.240 X io_6 
10_s 

= 1.15 X 10. 
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since a tulie of 3.7 ml. volume contains 4.5 grams of 

glass )owder, the ìensity of silver in the powder con- 

taming 0.27o silver by weight, is 

4.5 g X 0.002 0.0024 g/ml. 
3.7 ml. 

Therefore tue voluiie suscetibi1ity due to atomic 

silver is 

)ç %g X density (6) 

1.15 X 105X 0.0024 

2.8 X l0. 

iith a tube radius of 0.27 ein, and a field strength 

of approximately 7500 oersteds, the maximum change in 

weight is 

W 2.8X 1OX (7.5 X 103)2X 0.2 O.19m., 
2 X 980 

well within the balance sensitivity. 

For determinations using the larger samole tuues, with 

an internal radius of 0.33 cm., which were used with 

samples of silicate glass containing 0.50 silver, the 

maximum change in W would be 

A.w 0.190 mg. X (0.3)X 0.5 
(o.27Y 0.2 

: 0.7 mg. 

For the phosphate glass containiñg 16;'o s1ver 

phosphate or 12.6 Ag, the maximum change mAw on 

reduction :ou1d be 
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A w = 0.7 X 12.6 
0.5 

= 17.5 mg. 

assuming that the density of phosphate and silicate 

glasses are the same. 

With the bars of' Corning glass the approximate 

change inW for reduction of' the 0.O02 silver to 

the atomic state, the bar having a cross-sectional 

area comparable to thct of' the sample tube of 0.33 cm. 

radius, would be 

A VI = 0.7 mg. X 0.002 
'J . 

0.003 mg., 

lower than the sensitivity of the balance. 

The pov;dered glasses were packed into cylindrical 

tubes, reproducibility being aided by placing a given 

weight of glass in the tute and tapping the tube uni 

formly until the powder level reached a scratch mark. 

The vertical position of the tube in the field was 

checked with a cathetometer. Consistency in suscepti- 

bility measurements was about l, though somewhat 

better results were obtained for some individual glass 

es. The reproducibility obtained on resuspending the 

same sample was considerably better than this, averag- 

ing about 0.02 mg. 

It has not been possible to reproduce values of 

W by preparing similar powders and treating them in 
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an identical manner due to such discrepancies as var- 

iations in melting conditions and powder size. 

Changes inA'7 are the instructive data. 

A group 0±' representative glasses is presented 

in Table I. Sample i is a silicate glass containing 

O.b silver. Sample 2 is a silicate glass containing 

no silver. Sample 3 is a silicate glass containing O.2 

silver. Sample 4 is a non-hydrogenated O. silver 

silicate glass which was sealed into a weighing tube, 

and then rehung in the field after heat treatments. 

Sample 5 is similar to sample 4 except that it had 

prior hydrogen treatment. 

TABLE i 

Observed Calculated 
ainnl e 4T g ____ 

l.a. Before treat- 
ment -0.00456 
b. After 24 hr. 
H2 treatment at 
85° C. -0. 0041 
C. After 12 hrs. 
further ta-2 treat- 
ment at 85° C. -0.00355 

2a. Be±'ore treat- 

+0.00045 +0.0007 

+0.00101 +0.0007 

ment. -0.00508 
b. After several 
hrs. in air at 
85° C. -0,00460 +0.00043 0 

3.a. Before treat- 
ment -0.00199 
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3.b. After 12 hr's. 

in air at 35°C. -0.00184 
c. After further 
air treatment at 
350 

C. -0.00060 

4a. Tube sealed 
after addition of 
powder -0.00446 
b. 3 hrs. at 
80° C. -0.00441 
e. 2 hrs. at 
120 ° C. -0.00450 
d. 12 hrs. at 
170° C. -0.00450 

19 

Observed Ca1eu1'ted 
C2 44YLLL 

+0.00015 0 

0.00139 O 

+0.0005 -0.0007 

-0.00004 -0.0007 

-0.00004 _O.0007 

5.a. Tue sealed 
after addition 
of powder _O.00313 
b. 7 hrs. at 
130° 0. -0,00318 0 . 

-0.0007 
C. 5 hr's. at 
170° C. -0.00323 -o.0000 -0.0007 

It is seen that progressive chan6es in a para- 

magnetic direction occur in all cases with the first 

three samples including detexinations where no chcne 

due to foiation of atomic silver could occur. Results 

are more reproducible before heat treatment than after, 

and a s1iht lumping oÍ' powder occurs during heat- 

treatment. It is possible that moisture in the powder 

could cause this lumping. Considering the better results 

with samples, 4 and 5, it appears that repacking of the 

powder after the heat treatment is the step introducinE 

the largest error. In enera1 the heat-treatment of 
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silicate glasses exemplified by samples i to 3 under_ 

went unexplained changes in a paramagnetic direction, 

and no conclusions could be drawn from their changes. 

The series of measurements on powders 4 and 5 

gives more definite results. Samples 4 and b develop- 

ed a yellow coloration becoming progressively darker as 

the temperature was raised. Development of color at 

these low temperatures indicates that atomic silver is 

coagulating to the metallic state, as reduction of 

ionic silver to the metal would require considerably 

higher te;:peratures, at least 500°C. This change should 

be accompanied by a diamagnetic increase. A sligit in- 

crease did result. The change is considerably less 

than quantitative, one reason being that only part of 

the silver is atoiic, and another that coagulation of 

all the atomic silver present wDuld probably not be 

complete at 170°C. Changes for higher temperatures are 

not reoorted as the samples sintered away from the tube 

walls, at the oven temperatures of 500°C. 

Silver chloride, glassy in appearance, was pre- 

pared by melting freshly precipitated silver chloride 

in the dark and pouring the melt into a glass sample 

tube. The susceptibility change was deteriined with 

the sample in the dark, and again aíter five minutes 
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illumination with an ultraviolet source. A chne in 

AV of 0.06 ing. in the parainagnetic direction occurred; 

after several days the total ch8e was 0.34 m. in this 

direction. The effect might be due to foiination of 

either atomic or metallic silver. That at least sorne 

of the latter was formed was demonstrated by an odor 

of chlorine. 

The phosphate glasses are well adaoted to this 

work in that they contain lr;er wounts of silver then 

the silica glasses and do not require heating in 

hydrogen for reduction. 

hanetic data are presented for the first and 

second groups of phosphate glasses prepared at low and 

high temperatures respectively, as described above, in 

Tale II. These glasses remained packed in the tubes 

for the measurements. The magnetic changes are in aeree- 

ment with the fluorescent chnges in tne first case, 

the fluorescent increase on X-radiation being accompanied 

by a slight paramagnetic change. A suggested explanation 

for all the phenomena observed with these glasses is pre- 

sented in the following section. Averaging the two 

values ofA (AW) for the two non-silver-containing glasses 

in Table II gives a paramagnetic change of 0.015 mg. A 

oaramagnetic change should be expected even with the non- 
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silver glass, considering the coloration of this glass 

by Xradiation. The fact that a pyrex tube similar to 

those containing the powders showed no appreciable 

change inW after radiation shows that the effects 

are due to changes in the powders themselves. The4(VT), 

calculated, is the change in pull expected if all the 

silver is converted from the ionic to the ator.üc state, 

and considering no other changes. 

VTLien a fluorescent silica glass was balanced in a 

magnetic field and then illuminated with ultraviolet 

light, no change in the rest point was observed. 

TABLE II 

Sample - 
I. Cu-target irradiation 
1. 0% Ag3PO4 

a. Before irì'adi- 
ation -0.00624 
b. After radia- 
tion -0.00620 

2. 8 Ag3PO4 
a. Before radia- 
tion -0.0065? 
b. After radia- 
ti.on -0.00654 

3.l6 Ag3PO4 
a. Before radia- 
tion -0.00657 
b. After radia- 
tion -0.00356 

4. Empty pyrex tube 
a. before radia.- 
tion -0.000ö0 
b. After radia- 
tion _0.0003l 

Observed Calculated 
A (A w) 

+0.00004 0 

--0.0QO03 -0.00088 

+0.00001 -0.0019 

_O.000C)1 o 
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0bcrved Calculted 
Sample _yag 

(r) 

II. V1_tar6et irradiation 
1. O A3PO4 

a. Eefore radia- 
tion -0.00647 
b. AÍter radia- 
tion -0.00648 -0.00001 0 

2. 8' Ag3PO4 
a. e±ore radia- 
tion _Q.00637 
b. After radia- 
tion -0.00684 +0.00003 0.00083 

3. 16% 3PO4 
a. ef ore radia- 
tion -0.00706 
b. After radia- 
tion -0.00704 +0.00002 _0.0019 
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DISCUSSION 

Theory of formation ol' atomic silver in glass 

suggested by the fluorescence of cert8in silver glasses 

j_s supported by the slight paramagnetic changes observed 

j_n this work, oarticularly by the results obtained with 

silicate classes 4 and 5, Table I. Since the values of 

b(W) obtained are so siall, the possibility that they 

are due to rendon-i errors is not excluded, but the fact 

that the large majority of changes are in the paramag- 

netic direction is indicrtive of significant results. 
The phosphate glasses possess cuite high fluor- 

escence as prepsred. This i.ndi.oetes that some atoriio 

silver is present. Iii the first group of phosphate 

glasses, both the fluorescence and pararnagnetic effect 

increased for those glasses containing silver upon X.- 

radiation. A probable explanation of these facts is 
that secondary electrons produced by the X-rays are 

reducing ionic silver to the ato.ic state. It appears 

that there may be a maximum stable concentration of 

ato:iic silver during X-radiation, aoove tiii concen- 

tration atoms being ionized by the photoelectrons. 

That changes in the state of silver are far from 

comolete ìs obvious as seen by coliparison of the ob- 

served and calculatedbW)s, the latter representing 
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the menetic changes to be observed with quantitative 

conversion oÍ silver from the ionic to the aton1c 

state. This is expl8.ined by results obtained with 

solid phosphors, the amount of a substance required to 

cause high fluorescence sometimes being as low as i 

part in lO (, p. 522). 

A mechanism has been sought to explain the color- 

ation caused by X-radiation of the phosphate glasses, 

while considering also the observed magnetic and. fluor- 

escent chanes. One suggestion is that atomic silver 

is oxidized by the incident radiation to a silver ion 

and a photoelectron trapped in a lattice irregularity. 

This photoelectron would contribute the same paramag- 

netic susceptibility as an s electron. This would 

account for the fluorescence decrease observed and 

also the color developed, as the trapped photoelectron 

could absorb in the visible region, as do the color 

centers observed in alkali halide crystals. Tiie pink 

color in the non-silver glass could be due to a photo- 

electron released from a base glass ion, and the in- 

creased paramagnetism of this glass is explained by 

this mechanism by saying that photoelectrons are formed 

from other ions than silver. 

Another proposed mechanism suggests that the Ss 



electron of the silver atoiri is excited by the high 

energy X-radiation to another hier energy level. 

II. the electron is excited. to or falls back to the 4d. 

level, only slightly higher in energy than 5s (2, 

p.26) the atom vill be in a metastable stte but pre- 

vented. by the selection rules from returning directly 

to the ground state. The fluorescence with ultraviolet 

excitation will disappear for this atom, as fluor 

escence is characteristic of the bs electron. The 4d 

electron may be expected to absorb in the visible 

region (atoms with unfilled 4d orbitais are often 

colored), causing the develoment of color. Increased 

parame.gnetism is explained by the fact that the 4d 

electron will make an orbital contribution to paramag- 

netism as seen by reference to equation (i). As with 

the previous mechanisms another process, (very likely 

photoelectron formation from one of the base glass 

constituents), is reauired. to explain the color and. 

paremagnetic change of the non-silver glasses. Since 

this mechanism involves a metastable state, the 4d 

electron would be expected to return to the 5s state 

after a period of time. A color change accompsnying 

this change has not been observed two days after 

radiation. 



SUGGESTIONS FOR FURTHER WORK 

During the course of this problem several prob- 

ably irifonnative lines of investigtion have suggested 

themselves, and are here briefly outlined. 

The effect of a high energy ultraviolet source on 

a strongly fluorescent sanple while balanced in a mag- 

netic field could be tested using auartz tubing to 

pass the incident ultraviolet light. A check of this 

point during the present investigation showed no change, 

but transmitting glasses were not used. 

The Aniiistead patent (7, p.8b6) describes a glass 

in plate form very similar to the silicate glasses used 

in this problem, being coicosed of a soda-lime-silica 

glass containing up to O.3q, silver, prepared under 

oxidizing conditions. This glass would be ideal for 

the hydrogenation procedure, as the difficulties of 

heat-treatment in posders would be avoided, and the 

maximun theoretical change in W would be measurable 

with the present apparatus. It will be interesting to 

discover how plates of glass can be prepared, main- 

taming silver in the ionic forms while being cooled 

slowly enough to produce a plate of sufficient strength. 

Likewise, further glasses could be prepared with 

silver being introduced, by electrolytic means, as 



done previously in this laboratory. Quantitative 

knowledge of the aniount of silver contained is thus 

known, and it may be assumed that it is completely 

ionic. For both the above glasses high-pressure hydro- 

genation should be used to shorten reduction times. 

in the light of the colors formed by X-radiation 

of phosphate glasses, it should be instructive to pre- 

pare transparent plates of this material. Then the 

colors developed could be studied by optical trans- 

iiission measure;aents. 

Further work with silver chloride may show inter- 

esting results. A definite pararnanetic change has 

been found on irradiation of silver chloride prepared 

in the dark. This may well be due to formation of 

silver metal, more paraniagnetic than the ion. If this 

can be prevented, and the silver atom produced in de- 

tectable amounts by radiation, the results should be 

of interet to latent image theory. 

n analytical method might be developed to dis- 

tinguish atomic silver from the ionic form in glass 

when no metal has been found. Since hydrofluoric acid 

does not dir-solve the metal but does dissolve the ion, 

it would be instructive to see whether it would leave 

silver atoms undissolved. 
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