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Table 2 shows that pure aragonite was the only type of 
calcium carbonate to precipitate from sea-water by C01 

extraction. This finding has also been made by other 
workers•. Furthermore, the rate of crystallization of 
aragonite in these experiments was so slow (even at the 
unnaturally high supersaturation value achieved by 
adding sodium carbonate to make the solution pH 9) that 
such crystallization can scarcely be used to explain the 
rapid formation of whitings seen in the sea off Doha. 
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An Experimental Determination of the 
Photo-ionization Cross-section of Atomic 

Hydrogen 
ALTHOUGH many theoretical calculations of the photo

ionization cross-section of atomic hydrogen have been 
performed (see review by Bates1), no experimental determ
ination of this quantity has previously been made. 
An experiment is being carried out here which has yielded 
a value for the photo-ionization cross-section of atomic 
hydrogen at 850·6 A. 

Atomic hydrogen is produced by flowing molecular 
hydrogen through a discharge tube in which an intense 
radio frequency discharge is run. This dissociates a large 
fraction of the hydrogen molecules. The mixture of atoms 
and molecules is then flowed quickly through an all-glass 
absorption cell which is attached to the exit slit of a one
metre normal-incidence vacuum monochromator. Radia
tion emerging from the exit slit passes down the absorption 
cell and is detected by a sensitized photomultiplier placed 
at the far end of the cell. The light source used to illumi
nate the entrance slit of the monochromator is similar to 
that described by Garton' and consists essentially of a 
short-duration high-current spark prcduced by dis
charging a capacitor bank. The light source is filled with 
low-pressure argon gas and the radiation produced by it 
consists mainly of emission lines of neutral and multiply 
ionized argon. 

The intensity of the radiation emerging from the 
absorption cell is measured under three conditions: 
(i) intensity 1 0 , with the absorption cell evacuated; 
(ii) Ii, with the absorption cell filled with molecular 
hydrogen o.t pressure p 1 ; (iii) I 2 , with partially dissociated 
hydrogen in the absorption cell at total pressure p 2 • The 
degree of dissociation cc is determined by the Wrede 
Harteck method•. 

From (i) and (ii) the photo-absorption cross-section of 
molecular hydrogen, aM, can be determined from the 
equation: 

( 
Pi 273 ) 

I, =10 exp -NaM 760 T l (I) 

whern N is Loschmidt's number, 2·69 x 1019 particles/ 
c.c., Tis the absolute temperature of the gas (°K), and Z 
is the length of the absorption cell (cm). 

From a knowledge of cc and p 2 , the partial pressures PA, 
PM of atomic and molecular hydrogen can be calculated. 
Thus, using (i) and (iii) and the result for aM derived from 
(I) , the photo-ionization cross-section of atomic hydrogen, 
aA, can be found from the equation: 

( { 
PA 273 PM 273} ) 

12 = 10 exp - Na A 760 T + NaM 760 T l (2) 

p,, p 2 and ri are measured at each end of the absorption 
cell and a correction for the concentration gradient along 
the length of the cell is applied. 

Due to the difficulty in obtaining sufficient intensity at 
the photomultiplier to make reliable measurements, initial 
results have been confined to a wave-length, 850·6 A. 
which corresponds to a strong emission line of the light 
source and a very small absorption cross-section of mole
cular hydrogen. 

The mean value of the molecular cross-section (together 
with the probable error) at 850·6 A is (0·213 ± 0·010) X 

10-18cm•, which is not in agreement with Cook and 
Metzger's• result of ,.._, 3·2 x 10-18cm• at this wave-length. 
This may be due to a difference in the effective resolution 
of the two systems; as there is no continuous absorption 
in this region the measured value of aM2 will depend 
critically on the resolution. Cook and Metzger used a 
continuum light source in conjunction with a mono
chromator with a pass band of 0·5 A. Although our 
instrnment has a similar bandpass, we used a line 
source and, as the width of the 850·6 A A IV line is 
probably of the order of or less than O·l A, our resolution 
is much better than the bandpass of the instrument. 

The mean value of the photo-ionization cross-section of 
atomic hydrogen at 850·6 A is: 

(5·15±0·18) x I0-18cm• 

This is in good agreement with the most recently 
available theoretical value which is given in graphical 
form by Bates1 • At 850·6 A the theoretical value lies 
between 5·1 and 5·2 x 10-18cm•. 

This work was initiated by Dr. R. B. Cairns and I thank 
him for his help during the early stages. 
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Structure of Catena-di-µ-Fluorodifluoro
diaquohafnium (IV) monohydrate (Hff4.JH10) 
ALTHOUGH the trihydrate of hafnium tetrafluoride and 

its dehydration products a.re stoichiometrically similar 
to the corresponding compounds of zirconium, it has been 
shown1 that they are not isostructural. In general, com
pounds of the two elements do show identical structure 
(for example, the anhydrous fluorides2 ), and the fluoride 
hydrates must be particularly susceptible to differences 
in bond energy. The structure of ZrF ,.3H20 has been 
reported previously•, and the hafnium analogue has now 
b een investigated. 

Crystals were prepared, as previously described 1, as an 
apparently homogeneous sample of colourless needles. 
Single crystal studies have, however, demonstrated the 
existence of two distinct species. One of these is mono
clinic, a = 25·48, b = 7·51, c = 23·02 A, [3 = 150°, 16 
molecules per unit cell. Reflexions are systematically 
absent for all hkl when h + k is odd, and for hkl with k 
even, when k/2 + 1 is odd. R eflexions with k odd are 
weak and are markedly diffused along c *, thus suggesting 
that the structure is at least partially disordered. Our 
investig2ttion has not proceeded further than the location 
of the hafnium atom positions. 

The other modification is also monoc!inic, with a = 6·70, 
b = 10·55, c = 7·71 A, [3 = 94°, 4 molecules per unit 
cell, space group P2t1c. The structure of these crystals 
had no such complications and has been solved by con
ventional methods. The current reliability factor, 
assuming isotropic thermal motion, is -0· I 4. 

All light atoms were assumed to be fluorine for the 
purpose of structure factor calculation. The peak electron 
densities on a subsequent Fourier synthesis were 11·6, 
10·7, 9·9, 9·4, 8·6, 6·7 and 6·5 electrons A-•. The smallest 
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