
bonate in apatite is still a much disputed 
question. 

In  conclusion, using the method pre- 
sented in this report, it is possible to 
obtain a pure well-crystallized hydrox- 
yapatite, with negligible quantities of 
extraneous ions in the crystals. The 
major disadvantage of the method is the 
small crop obtained from each hydrolysis 
because of the small capacity of the 
bombs used. Larger reaction vessels 
would minimize this objection. 

ALVIN PERLOFF 
U.S.  Army,  National Bureau of 
Standards, Washington, D.C. 

AARON S. POSNEK 
American Dental Association Research 
Fellowship, National Bureau of 
Standards, M'ashington, D.C. 
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Beryllium- 10Produced 
by Cosmic Rays 

The bombardment of the nitrogen 
and oxygen of the atmosphere by cos-
mic rays can produce four nuclides 
of useful life. Three of these, carbon-l4,, 
tritium, and beryllium-7, have been iden- 
tified and used for studies of time scales 
of natural processes ( I ) . This paper (2)  
reports the isolation and identification of 
the fourth, beryllium-10, a 0- emitter of 
half-life 2.5 x 106 years ( 3 ) .  

The amount of Belo produced should 
be very small. Peters (4)  predicts a pro- 
duction rate-equivalent in steady state 
to the decay rate-of 0.05 to 0.1/cm2 sec. 
My own prediction is about 0.04/cm2 
sec, with a large uncertainty. 

Beryllium-10 should have the same 
early history as Be7, which is removed 
from the atmospliere chiefly by rain. 
That portion which falls on the ocean 

may or may not enter into true solution 
there, but, in any case, it should find its 
way into the bottom sediments. We have 
been led, therefore, to examine the deep- 
sea bottom sediments for Belo. In  partic- 
ular, we have studied "red clay" sedi-
ments, which show the lowest sedimen- 
tation rates and thus probably the high- 
est relative concentrations of Belo. 

Samples from two cores taken from 
the eastern Pacific have now been ana-
lyzed for Belo. These cores were obtained 
by E. D. Goldberg of the Scripps Insti- 
tution of Oceanography at approximately 
latitude 28'N, longitude 125'W at a 
depth of 2200 m. The cores were approx- 
imately 5 cm in diameter, with a total 
length of 120 cm. Each was divided into 
five sections, which were analyzed for 
Belo. 

The chemical wroblem of c?isolating. 
milligram amounts of beryllium from 
hundreds of grams of clay proved quite 
difficult. The chemistry used in core G 
resulted in erratic yields. An improved 
procedure was used on core H, a brief 
account of which follows. The sample 
(wet clay) is treated with a mixture of 
500 g of 48-percent H F  and 500 g of 
12N HCI in two 1-lit HI3 polythene 
beakers, after 10 ml of Be carrier (5.9 
mg of B e 0  per milliliter) has been 
added. After the sample has been evapo- 
rated to dryness in a hot-air jet, 150 g of 
each acid is added, and the sample is 
again evaporated to dryness. Two further 
evaporations with 500 g of HCI serve to 
remove most of the fluoride. The sample 
is taken up in 1500 ml of 1N HC1, boiled, 
decanted, and centrifuged. The remain- 
ing solid is heated with H,SO, until HE 
bubbles cease. The cake is taken up with 
water, the small amount of remaining 
solid being fused with KHSO,. The final 
solid is discarded, and all solutions are 
combined. The precipitate is discarded. 

Six hundred fifty grams of Versene 
(the commercial tetrasodium salt of 
EDTA) is added, and the solution is 
brought to pH 6 to 6.5. Twenty-five mil- 
liliters of 2,4-pentanedione is added, and 
after the solution has stood for 5 min- 
utes, it is extracted with three 250-ml 
portions of reagent-grade benzene. These 
are combined and backwashed with ace- 
tate-buffered water a t  pH 5.5 to 6. 

Table 1. Beryllium-10 activity of core samples. 

Depth Chemical Observed Activity 
Sample in core yield count per cm" of clay 

(em) ( 9 % )  (count/min) (disintegration/min 1 

1 X-OBSERVED ACTIVITY 

o-SYNMETlC BE" STANDARD 

I _ _ _THICKNESS MGICM2ABSORBER 

Fig. 1. Absorption curves of observed ac- 
tivity and of synthetic BeLu standard in 
polyethylene in close cylindrical geometry. 

The benzene layer is then extracted 
with two 150-ml portions of 6N HCl. 
Forty-five grams of disodium Versenate 
is added, and the HC1 solution is brought 
to p H  6 to 6.5. Ten milliliters of 2,4-pen- 
tanedione is added, and, after the solu- 
tion has stood, it is extracted with three 
75-ml portions of benzene. The latter are 
combined, backwashed, and finally ex-
tracted with two 50-ml portions of 6N 
HC1. The acid solution is boiled down 
nearly to dryness, HNO, being added to 
destroy organic matter. Finally, 50 ml of 
water is added, the solution is made 
basic with ammonia, and the precipitate 
is filtered and ignited to BeO. This pro- 
cedure seems to be entirely specific for 
beryllium. The reactions involved are 
discussed in the literature ( 5 ) .  

The samples were counted as B e 0  in 
close cylindrical geometry on two small 
thin-walled counters (6 )  inside rings of 
Geiger tubes in anticoincidence. The 
background was 0.25 to 0.5 count/min 
for a counter 6 cm long and 1.5 cm in 
diameter using a Q gas filling. The sam- 
ples were not infinitely thin, and correc- 
tion was made for self-absorption by tlic 
method of Libby ( 7 ) ,  for geometry, and 
for chemical yield, in order to obtain the 
absolute disintegration rates. The activ- 
ities are normalized to 1 cm3 of clay, 
since this seems to be a more definite 
quantity than 1 g. 

The results are shown in Table 1. The 
activity decreases somewhat with dcpth, 
but this tendency is neither marked nor 
regular. Core H was noted to be inhomo- 
geneous with strong evidence of sorting 
at a depth of 3.5 cm. There is no reason 
to expect a regr~lar decay with d e p ~ h .  

If the sedimentation rate is 1 mm/ 
1000 yr, these cores have an equivalent 
depth of the order of lo6 yr. Our evi- 
dence suggests that the rate of sedimen- 
tation in our cores is not slower than this 
by a large tat t;c. If we use this figure, 
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averaging all results from both cores, wr 
obtain an estimate of 0.03 disintegration/ 
sec cm2 contained in the sediment col- 
umn. This is of the expected order of 
inagnitudc. No more can be said at  pres- 
ent. Evcn this is not without: interest 
from the point of view of the constancy 
of the cosmic-ray flux. 

In addition to the data given here, 
other measurements were made to iden- 
tify the observed activity. Samples G-2 
and G-4 were combined, and a second 
complete cycle of purification was car-
ried through. The original samples con- 
tained 0.92 t 0.06 disintegratioa/min 
(assuming that the self-absorption cor-
rection of Belo applies). The recycled 
sample showed 0.68 t 0.20 disintegra-
tion/min after corrcction for chemical 
yield. Seven months elapsed between thc 
two measurements. 

An absorption curvc was run on a com- 
posite sample of H-1, 1-1-2, H-4, and H-5, 
using polyethylene absorbers. The data 
are plotted in Fig. 1. A curve for a syn- 
thetic sample of Belo under the same con- 
ditions is shown for comparison. The ab- 
sorption curvc in close cylindrical geoln- 
etry approaches an exponential ( 7 ) .  The 
half-thickness of the natural saniple is 
17 + 4  mg/cm2, while that of the syn-
thetic sample is 21.2 + 0.3 mg/cm2 in the 
same region of the absorption curve. Us- 
ing Libby's relation for half-thickness 
versus energy and mass number ( 8 ) ,we 
obtain E = 0.52 2 0.08 Mev, compared 
with 0.56 Mev for the known activity. A 
further check on the half-thickness is the 
self-absorption correction of the compos- 
ite sample. The count rate of the corn-
posite sample was 0.65 + 0.07 timcs the 
sum of the original samples, while the 
calculated value is 0.76. No gamma ac- 
tivity was found in any sample. 

One set of data has been discarded- 
that obtained in my effort in Chicago to 
measure the absorption curve of the orig- 
inal G composite. The data indicate 
strongly that absorbers or other materials 
were contaminated. 

Our intention is to use Bel0 if possible 
for radioactive age determination. Much 
worlt on the geochemistry of beryllium 
still must be done before this method can 
be safely used. 

A final word should be said on meas- 
uremcnt techniques. A counting method 
appears to be the most practical at the 
present time, although Peters ( 4 )  has 
suggested a photographic-plate tech-
nique. I t  is worth noting that, if the 
beryllium content of sediments is of the 
order of 1 ppm, the BelO/BeQ ratio is 
about This does not seem to be 
permanently outside the range of solid- 
source mass spectrometry, although the 
difficulties would be extreme. 

J A M E S  R. ARNOLD 
Depnrtntent of Chemistry, 
Princeton University, 
Princeton, N e w  Jersey 
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Quantum Yields of Fluorescence 
of Plant Pigments 

The fate of excitation energy in photo- 
synthesis requires elucidation. Toward 
this end, we have determined the quan- 
tum vields of fluorescence of several 
photosynthetic pigments, i n  vitro and i n  
vivo i1 ). The measurements were made 
v.ith a specially constructed integrating 
sphere (2 ) .  The main results are shown 
in Tables 1 and 2. 

Our values of the quantum yields of 
fluorescence 9 of chlorophylls a and b 
are about 40 percent higher than those 
reported by Forster ( 3 ) .We believe that 
this difference is the result of a more 
accurate determination in our expcri-
ments of the detector sensitivity as a 
function of wavelength, and a more re- 
liable "sampling" of the incident light 
and fluorescence with the sphere. Both 
the ratio of the fluorescence yield of 
chlorophyll b to that of chlorophyll a 
and the strong effect of solvent on the 
former, reported by Forster, are con-
firmed. 

As was anticipated by Duysens ( 4 ) , + 
of chlorophyll in vivo was found to be 
an order of magnitude higher than the 
value previously accepted on the basis of 
the measurements of Wassink et al. (5). 
The  new data indicate that the actual 
lifetime of excitation of the first excited 
singlet state of chlorophyll a i n  vivo is 
of the order of 10-'0 second, rather than 
10-11 second, as has been previously as-
sumed. This offers a correspondingly 
better chance for migration of excitation 
energy between chlorophyll molecules. 

The quantum yield of chlorophyll 
fluorescence i n  vivo was previously known 
to change (usually to increase but some- 

times to decrease) with increasirlg In-
tensity of the exciting light a t  photo-
synthesis-saturating intensities (6) .  We 
found this yield to vary also with the 
exciting intensity when the latter was as 
low as 0.01 of that required for the com- 
pensation of respiration by photosyn-
thesis (see Fig. 1 ) . Recent measurements 
by Brugger ( 7 )  are consistent with the 
results shown in Fig. 1. 

Franck's theory of "narcotization" of 
the chlorophyll complex, which could 
explain the intensity dependence of 9 at  

Table 1. Quantum yields of fluorescence 
of pigments in solution. 

Wave- Quantum 
Pigment 

length yield of of
and exciting fluores-

solvent light cence* 
( 9 )  

Chlorophyll n 
Ethyl ether 430 0.33 
Methanol 436 0.32 
Pyridine 436 0.35 

Ethyl chlorophyllide n 
Ethyl ether 436 0.33 

Chlorophyll b 
Ethyl ether 436 0.16 
Methanol 436 0.034 

Phycocyanin (from 
Synechocystis sp.) 


Water (0.1M phos- 

phate buffer, pH 6.2) 546 0.53 


Phycoerythrin (from 
Porphyridium 

cruentum) 


Water (0.1M phos- 
phate buffer, pH 6.2) 480 0.85 

Fluorescein 
Aqueous NaOH 436 0.91 

* Corrected for self-absorption of fluorescence by 
extrapolation to zero concentration. 

Table 2. Quantum yields of fluorescence 
of pigments in the living cell. 

Wave-
length

Pigment of yield of 
and exciting fluores-

organism light cence* 

(mv) ( 9 )  

~ h l o r ~ l l hpyrenoidosa 
(green alga) 436 0.0271 

436 0.01 7- 
0.02og 

Navicula minima 
(diatom) 436 0.028f 

Synechocystis sp. 
(blue-green alga) 436 @ 0.0151 

Phycocyanin 
Synechocystis sp. 546 ,--0.030-

0.035 

* Corrected for self-absorption of fluorescence by 

extrapolation to zero concentration. 

f Excited with 50 erg/cm2 sec. 

$ Extrapolated to very low intensities of exciting 

light. 



