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A. Nickel 

Chemistry of the Fission Elements 

I. THE ELECTRODEPOSITION BEHAVIOR OF 
TRACE AMOUNTS OF ELEMENTS 

The electrodeposition of nickel onto a mercury pool from thiocyanate solutions containing 

nickel in millimolar concentrations was observed to follow <kinetic behavior typical for: an autocat

alytic reaction. ·Thus, the rate of deposition which was nearly zero at the onset of ~e electrolysis, 

increased to a maximum and then decreased very much as would a first-order r_eaction . .When de

posited at constant cathode potentia 1, the current efficiency was quite uniform· though the current

time curve was bell-shaped. When deposited using constant current, the current efficiency-time 

curve assumed a bell shape. In both cases, the rate of nickel deposition had the same character is

tics. 

The use of chloride as a supporting electrolyte gave very similar behavior in the presence 

of phosphate and acetate buffers, but gave very nearly perfect first-order kinetics at t;he same 

values of pH in the absence of buffe;rs. When electrolyzed in the absence of nickel, the buffers 

were found to exhibit current-time curves with a distinct maximum. Deposition from the adequately 

pre -electrolyzed buffer gave essentially normal first -order behavior. 

The rates of deposition in the absence of buffers, though almost ideally first order, are 

affected by rather subtle differences in conditions making difficult the accurate evaluation of the 

effects of deliberate changes of the reaction variables. (Charles F. Morrison, Jr.) 

B. Copper 

Earlier reports have indicated that when the electrodeposition of copper onto platinum 

from solutions of various concentrations from 0.01 M to "trace" (approximately 10-7 M) in a sup

porting electrolyte of 0.1 M sodium perchlorate, adjusted to pH 2, were performed, at the lowest 

concentration of 10-7 M (or less) copper, the deposition p":roceeded at potentials approximately 0.2 

volt more noble than those predicted from the abridged form of the Nernst equation for "trace" 

concentration. This undervoltage decreased as the copper concentr_ation was increased. At concen

trations of 10-3 M _copper and higher, the potentials agreed quite well with those predicted from the 

abridged form of the Nernst equation. The most recent studies have been directed toward elucida

tion of the effect ·of n'ature and size of electrode material by making depositions from trace and 

millimolar solutions onto foil electrodes of approximately the same size of platinum, palladium, 

gold, iridium, and rhodium. Undervoltages were observed on all of these electrodes. The extent 

of the undervoltage was found to be about the same for depositions onto platinum, palladium, and 

iridium; somewhat less underv·oli:age for rhodium; and least for gold. These results agree 
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Chemistry of the Fission Elements 

qualitatively with predictions based upon differences in lattice dimensions of the elements. 

The effect of a difference in the area of the electrode on deposition behavior was explored 

using a platinum gauze electrode of 80 em 2 area (geometric) and a platinum foil electrode of 

30 em 2 area. The depositions onto the larger gauze occurred at potentials almost 0.1 volt more 

noble than those onto the foil electrode, a ch~mge one would anticipate because of the smaller 

fraction of surface covered by the deposit. 

The effect of pH was examined by carrying out deposition and stripping studies at the 

trace level in solutions of 0.1 M sodium perchlorate at pH's of 0, 2, and S. There was very little 

difference irt the deposition of trace copper .from solutions which were pH 0 and 2. The depo

sitions of trace copper from solutions which were pH 5 began at potentials slightly more noble 

than those· from pH 0 and _2, but became sluggish ar,d flattened out appreciably when above SO% 

deposited. 

The stripping curves in the above solutions, at the trace level, exhibited a linear depen

dence on pH. The stripping curves at pH 0 occurred at the same potentials as the corresponding 

deposition curves. The stripping curves at pH 2 were displaced almost 0.1 volt in a noble direc

tion from the corresponding deposition· curves whereas, at pH S, less than SO% of the copper could 

not be stripped from the electrode into the solution of 0.1 M sodium perchlorate even though the 

electrode potential was taken to +0.6 volts vs. S. C. E. (standard calomel electrode). 

Deposition and stripping behavior at the millimola* level was also determined at the same 

three pH values. At each pH the stripping curves and deposition curves showed good agreement. 

The deposition curves for copper in solutions of pH 2 and S agreed with one another, but the dep

osition curves at pH 0 occurred at 0.02 volts less noble than those from the higher pH solutions. 

These results indicate the more important role played by pH in depositions involving electrodes 

incompletely covered with a deposit of copper. ( R. C. DeGeiso) 

C. Manganese 

The study of the anodic deposition characteristics of trace amounts of radioactive Mn52 , 

both alone and as a co -deposit with macro amounts of lead carrier (as dioxide) on a platinum gauze 

anode, is being continued. 

It has been recently observed that at a pH of 4 or greater one could deposit essentially all 

of the trace Mn52 (estimated concentration 10 -u M) as Mn02 without carrier. This process is 

thought to be a true deposition for two reasons: ( 1) at high positive potentials (e.g.·, + 1.40 v vs. 

S.C.E.) some of the deposit "is removed or stripped from the electrode due presumably to.the fur

ther oxidation of the Mn02 to Mn04 - and, ( 2) the deposit can. be completely stripped off the elec

trode. by reversing the direction of the applied potential. At pH's less than 4, only a fraction of the 

trace manganese is deposited and at very low pH's (i.e., 1) essentially none is deposited. Adsorp

tion studies show that only at very high pH values ( > 9) can adsorption of the trace onto various 
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Chemistry of the Fission Elements Group. . . ' ; 

parts of the system be considered appreciable. The explanation for the increase in the amount of 

the trace that can be deposited with increasing pH is thought to depend on the solubiliti product of 

Mn02, or, better, Mn(OH)4 • Thus, as the solution becomes more basic, precipit.ation, 6r deposi

tion, becomes easier and more nearly complete. 

Initlal studies on the co-deposition of the trace amounts of m~nganese with macro amounts 

of lead at pH values of 1 and 2 have shown that about 70% of the trace can be co-deposited with the· 

lead as Pb02 and the rest may be adsorbed or chemically replaced on the deposit when· the potentio

stat is disconnected. It was also observedat these acidic pH values that the.trace manganese would 

deposit no better on a Pb02 anode than on a platinum gauze anode. However, in the former case it 

was further observed that, when an external source of potentiat'was no longer applied to the sys·

tem, almost all of the trace would then be peposited onto the electrode with about 10% of the lead .· 

ret11rning to the solution. This could be considered to be either an adsorption or an actual chemi

cal oxi~tion where the tetravalent lead in the Pb02 oxidi~;9. the divalent manganese in the solution 

to the tetravalent state which could then deposit on the electrode·. Such aprocess is thermodynam" 

ically possible. (Edward A. Heintz) 

II. RATES OF. ELECTROCHEMICAL REACTIONS 

A. Arsenic (III) Chloride 

·An investigation of the irreversible polarographic reduction of arsenic(III) ill acid chlor

ide media has been completed. The investigation demonstrates the applicability of polarographic 

techniques to the study of the kinetics of such reactions. The reaction is second order in chloride, 

second order in hydrogen ion, and the rate -determining step is the addition of the second 'electron. 

The postulated mechanism is: 

As(OHhCl + Cl-.+e- _)_a_s_t_ As(OH)Cl2- + OH

As(OH)Cl2 + Cl- +e-. --'~~o_yt_ As(Clh -2 + .oH

As(Cl)s ...:2 + Cl- + ~- --~-s_t_ As0 + 4 Cl-· 

By analogy to many oxidation-reduction reactions of complex ions in solution, it is postulated that 

the chloride acts as <l: bridging anion, ,facilitating the transfer of the electro.ns from the electrode 

surface to the an>enic. Phys'ically, the mec:hanism ~ight be expected to be analogous to ru: organic 

SN2. 

The theory of Nernst-controlled currents in pendant-drop polarography has been. eluCi

dated. The equations, ·which will not be detailed he~e, are in excellent agreement with experimen

tal results obtained by other workers in the field. (W; H. Reinmuth) 
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Chemistry of the Fission Elements Group 

B. Nitrobenzene Derivatives 

It appears that a study of this type of compound may contribute to the general theory of 

polarography by clarifying the effect of various 'electrolytes on the electrical double layer at the 

mercury drop. Since p-dinitrobenzene gives two or three polarographic waves (depending on the 

apparent pH of the solution) it seems to offer an excellent opportunity to study these effects as a 

function of the position of the waves relative to, the electrocapillary maximum of mercury because 

it seems possible to find conditions under which the waves occur on opposite sides of the electro

capillary maximum. In such a case different effects of electrolytes on the waves could be inter

preted in terms of the double layer with greater reliability than in the case of one-wave polaro

grams because the uncertainty in junction potential would have no effect on the comparison, though 

other uncertainties may be introduced. 

Up to this point, the main emphasis has been placed on reproducing the conditions reported 

in the literature. During these experiments a very substantial effect of the gelatin concentration 

on the second half-wave potential of p-dinitrobenzene was noted. This effect is not mentioned in 

the literature and appears to have been overlooked by the earlier investigators who always used 

constant concentrations of gelatin. ( L. E. I. Hummelstedt) 

A survey is also being made of the polarographic behavior of o -dinitrobenzene and 2, 4-

dinitrophenol to explore the effect of apparent pH and buffer composition. ( R. F. Breese) 

III. CONTACT POTENTIALS 

The variation of the contact potential of a metal surface with the nature of the gas phase 

in contact with the metal is being studied with particular regard to its application to the analysis 

of gas streams .. It is known that the presence of certain adsorbed gas molecules on the surface of 

a metal causes changes in the contact potential, since this potential is a m·easure of the potential 

barrier to the passage of an electron through the surface·. A stu,dy will be made of the effect on the 

potential of the $t:ructure of the gas molecules, the nonvolatile monolayer of organic material on 

the surface of the metal, and the substrate metal itself. The method should have the advantage of 

providing information of a qualitative nature with high sensitivity. 

Two types of measuring instrument are being used. The first, a· vibrating plate or Zisman 

type device having an accuracy of± 0.2 mv. has been completed. 'f!le second instrument utilizes 

an alpha particle emitter to ionize the .gas between the measuring plates and thus maintain them at 

zero charge. A vibrating reed electrometer then measures the contact potential directly, Tl:is 

second .instrument, which is nearing completion, has the advantage of allowing continuou~ record

ing of the contact potential. (R. B. Hanselman) 
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Chemistry of the Fission Elements Group 

IV. FLUOROMETRIC STUDIES 

A program is underway to investigate the effects of metal ions on the luminescence 

properties of metal-organic compounds. Most of the emphasis will be placed on chelates not only 

because very little is known in that area, but also because they offer promising possibilities for 

analysis of trace amounts of. the metals in question. Naphthol derivatives are widely used for 

chelation, so the introductory phases are being devoted to the parent organic compounds them- .. 

selves. 

The fluorescence of 1- and 2 -napthol has been investigated to determine the factors af

fecting the fluorescence of these compounds and, in general, to evaluate the factors affecting 

fluorometric methods of analysis. A new analytical method for 1- and 2 -n<!-phthol, based on their 

fluore::;cence, has been developed for their simultaneous determination in mixtures. 

Factors of particular interest were pH, solvent, and the wavelength of the exciting radia

tion. The pH-dependency of fluorescence was found to be a function of the wavelength of the exciting 

radiation. An anomalous fluorescei).ce band appears for both 1- and 2-naphthol when either of these 

is dissolved in concentrated sulfuric acid . 

Since the fluorescence of i - and 2 -naphthol depends upon the form of the compound (i.e. 

whether it is molecular or ionic) the quantum yieids (relative to quinine sulfate in 0.1 N sulfuric 

acid) have been measured for these forms. Under certain conditions the naphthols will absorb 

radiation as the molecule and emit fluorescence as an ion. The efficiency of this transfer process, 

along with the efficiencies for other emission and non-radiative processes, have been determined. 

(D. M. Hercules) 

V. ACID-BASE TITRATIONS 

A. !!;; Pl,atinurn.:.calomel pH-Indicator Syst~m 

The principle of pulentiornetry at constant current is being investigated as a method of 

determh1ing the end point of acid -base titrations. Preliminary experiments indicated that if a 

small constant current is passed through a platinum-calomel electrode pair, the potential of. the 

platinum electrode is a function of pH. The platinum electrodE: could be used either as a cathode 

or as an anode, but the potentials developed at a platinum anode were unstable and not very re

producible. By using a platinum electrode as a cathode, potentiometric curves were obtained 

which compared favorably with those obtained with a glass-calomel electrode pair. Current

voltage curves wer~ obtained for the platinum -calomel system for solutions of various pH. These 

polarograms indicated ·that anodic currents could not be ~sed, but that for a given .cathodic cur.rent 

the potential of the platinum electrode was essentially a linear function of the pH of the solution. 
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Chemistry of the Fission Elements Group 

.The reproducil:!ility of this indicating system was checked by titrating several samples 

of NaOH with HC104 • The magnitude of the potential change is somewhat less than that which oc

curs at a glass electrode, but the potential break seems to occur at the same place. Coulometric 

generation of hydrogen and hydroxyl ion is currently being investigated as a means of introducing 

reagent into the solution so that au automatic recorder may be used to draw the potentiometric 

curves. (J. L. Duffield) 

B. Coulometri'c Generation ~ Hydroxyl Ion 

Work is being continued on a study of the coulometric generation of hydroxyl ion in alco

holic solutions. A study of alcohol-water mixtures to determine the lower water-content limit for 

100% current efficiency has temporarily been interrupted in order to investigate the application of 

potentiometry at constant current as a method of end -point detection for acid -base titrations in 

aqueous -alcohol media. The ordinary glas1; -calomel clec~rode pa tr appears unsatisfactory in these 

solutions because of drift and loss of sensitivity presumably due to high junction potentials and de

hydration of the glass membrane. Consequently, a platinum -silver electrode pair through which a 

small constant current flows is being investigated as an indicating system. Preliminary experi

ments indicate that the potential of this electrode pair can be used to determine the end point of an 

acid -base titration. However, since this system still suffers from drift, especially between titra

tions, a differentiating circuit is being built so that the derivative of the potential may be used to 

detect the end point. (E. J. Forman) 

VI. VOLUMETRIC DETERMINATION OF SULFATE 
IN MIXTURES WITH WEAK ACID ANIONS 

Work is continuing on an ion -exchange method for the determination of sulfate in the pres

ence of halides and weak acid anions. The method, which has been described previously, was ap

plied to samples containing potassium sulfate, sodium chloride, sodium dihydrogen phosphate and 

arsenic acid. At low flow rates through an ion-exchange column the sulfate could be determined 

with an average precision and accuracy of 0.3%. In a series of experiments designed to investi

gate optimum conditions, it was found that the presence of arsenate and/or phosphate in the sam

ples appeared to interfere with theexchange process at flow rates higher than 3 ml. per minute. 

A study is now under way to determine the basis of this inte'l'ference and to develop methods for 

its elimination. ( R. C. DeGeiso) 

VII. COMPLEX CHEMISTRY OF THE FISSION ELEMENTS 

The red color produced when an acid solution of eerie ~monium nitrate and a low mo

lecular weight alcohol or phenol are mixed has been well known for some time. A spectrophotometric 
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study is being re -initiated in this laboratory in·an attempt to determine the composition of the 

complex responsible for this red color. It is felt that the most important factors in the production 

of this color are the pH and the nitrate ion concentration in the solution. Therefore, the initial 

investigations will attempt to determine the ~ffect of these changes while holding the ionic strength 

constant. 

Present studies have been concerned with finding a low molecular weight alcohol that 

would not be oxidized too rapidly by ~e cerium, and, hence, yield a decreasing absorbance.( i.e., 

less color) with time, but still be sufficiently soluble in water so that a wide range of concentra

tions could be used for the investigation. These prerequisites appear to be filled by t-butanol (i.e., 

2-methylpropanol-2). (E. A. Heintz) 

VIII. ANALYTICAL CHEMISTRY OF GERMANIUM 

A study of the polarographic reduction of Ge (IV) has been undertaken. The investigation 

is directed toward further explanation of certain features of the waves previously noted in chloride 

and horate media such a::> their kinetic component and irreversibility, response to surface active 

agents, pH dependence, and germanate equilibria. The reduction has not pr.eviously been· system" 

atically investigated in the presence of the common complexing ligands such as iodide, bromide, 

fluoride, tartrate, citrate, and thiocyanate, and a survey of these media was made. The Ge(IV) • 

wave occurs at very negative potentials; in borate buffered solution in region pH 7.5 the a:Qove

mentioned ligands do not seem to shift the half-wave potentials significantly, all lying in the region 

of -1.45 v v.s. S.C.E. The existence of a simple dependence of potential on concentration of ligand 

is therefore doubtful and it will be difficult to separate any effects of complexation from other fea

tures of the Ge(IV) discharge. Ge(IV) does not give a wave in acid solution; but a sharp maximum 

in current was noted in HCl-KCl electrolyte of ionic strength 2, prior to hydrogen discharge and 

after no previous reduction. Phosphate buffers in intermediate pH ranges were fot.tnd to eli scharge 

too early tohP. Ruitable media fur 1::1ludying waves which appear at such negative potentials. 

(B. Miller) 

IX. GAS CHROMATOGRAPHY 

An instrument for gas -liquid partition chromatography has been constructed and its 

operating characteristics determined for a number of volatile constituents . 

. The instrument consists essentially of an eight-foot glass tub~ filled with celite which 

has been moistened with silicone oil. The gas sample is carried through by helium and fraction

ation occurs. The fractions are detected by differences in thermal conductivity of the effluent 

which are measured by a thermistor incorporated in a ·wheatstone bridge. The output from the 
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bridge is recorded automatically. ·ou<j.ntitative analysis is made by measuring the area (millivolts 

times seconds) under the peak for each fraction. The time at which a peak e.merges is a qualitative 

indication of the presence of a fraction. The best precision obtained with mixtures of light alco

hols was 0.3%. The usual precision is slightly less than 1%. 

We are now constructing a new instrument which, it is hoped, will overcome the mechani

cal problem of inserting an accurately measured gas or liquid sample. A weighed solid sample 

will be placed in a Vycor tube in series with the column and there pyrolyzed with a burner. There

after the whole sample will be carried through by the helium. Preliminary survey indicates the 

presence of two or three well-separated fractions from pyrolyzed polystyrene. (T. Healy) 

X. OPTICAL INSTRUMENTATION 

~ 

Cadmium sulfide, cadmium selenide and lead sulfide phutoresistive cells are used as 

sensing elements in simple apparatus for automatic recording spectrophotometry. The extreme 

variation in response over a short wavelength span makes the cadmium elements impractical for 

this purpose, and the low sensitivity and the low signal to dark current ratios observed with lead 

sulfide elements have not made their use attractive. Further work is planned with midget multi

plier-phototube sensing elements·. ( R. F. Breese) 
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Nuclear Chemistry (Inorganic) Group 

I. ION EXCHANGE 

A. Studies of Anion-Exchange Equilibria with KCl Solutions 

In connection with the measurement of ion preference in the Dowex 2-X8, KCl, KC104 

and water<. systern1 it was repo:rted that electrolyte invades the resin phase in excess of the pure 

resin capacity. Measurements have been made of the invasion of KCl into Dowex 2-X8 chloride 

with external solution concentrations varying from 0.1 to w-s molal. 

Using 12.5h ~2 as a tracer, the re~in potassium concentrations were determined follow

ing centrifugal filtration of the aqueous solution from the resin beads. It was found that the·resin 

potassium molality exceeds the solution concentration when the latter is below 0.005 M A cor

rection is yet to be applied· for filtration retention of the solution. At the lower electrolyte con

centrations this correction is negligible and the activity coefficient for resin KCl ma"y be calculated 

from the follqwing expression: 

y; = the mean activity coefficient for KCl in the resin phase. 

'Y: = the mean activity coefficient for KCl in the solution phase. 

rn: = the solution molality of KCl. 

m~ = the concentration of K+ in the resin. 

mr = the concentration of chloride in the resin. 

It has become clear that the mean activity coefficient for resin KCl falls to about ·10 -4 when the 

aqueous concentration reaches 10 -s molal. Such small values for the mean activity coefficient sug

gest that there is strong interaction between KCl and the resin domain. 

An experiment was performed in which a gradient of 20 volts;cm was placed across a 

U-tube. containing de-ionized water with pure ion exchange resin in the bottom of the U-tube. 

This results in the formation of chains of beads one or two centimeters in length leading toward 

the anode or cathode for the cation exchanger or anion exchanger respectively. (D. H. Freeman) 

B. Anion-Exchange Equilibrium Studies: Cl-- SeN-

The selectivity constant for the system Cl-- SCN- with Dowex-2 has been studied as a 

function of cl- concentration. It was found that the equilibrium (selectivity) constant for the 
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reaction RSCN + Cl-,;, RCl + SCN- decreases with the Cl- concentration at constant total ionic 

strength of the external solution. The values for K ranged from 0.088 at 0.1 mole fraction Cl- in 

the solution, to 0.029 at 0.9 mole fraction Cl-. Further experimental work is being done to estab

lish more accurately the values of these constants and their variation with total ionic strength. 

(E. Yellin) 

C. The Absorption £_f Zinc(II) ~ Dowex-1 from Aqueous Amine Chtoride Solutions 

To conclude a series of investigations2 on the effect of the cation of the supporting elec

trolyte on the absorption of metal complexes on anion exchange resins, the absorption of tracer 

concentrations of zinc(II) on Dowex 1-X8 dilute at 25°C from solutions of methyl, dimethyl, and 

trimethyl amine hydrochloride and tetramethyl ammonium chloride. was studied. The results are 

shown in Figure 2.1. The methyl amine hydrochloride curve is nearly congruent with that reported 

earlier for ammonium chloride; the trimethylamine hydrochloride curve is similar to that re

ported earlier for cesium chloride. The results are compatible with the supposition that at chlor

ide concentration above 2M ion pair formation between anionic chloro complexes of zinc(II) and 

the cation of the supporting electrolyte occurs in the resin phase and is an important "absorption" 

process . 

( R. A. Horne) 

3.0,-------------------------------------~~ 

0 

ll CH3 NH2·HCI 

• (CH3)2 NH·HCI 

<J (CH3l3 N·HCI 

o (CH3)4 N+cl-

4 
Total Concentration of Electrolyte,M 

Figure 2.1 

The absorption of Zn(II) on Dowex-1 from 
aqueous amine chloride solution. 
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Nuclear Chemistry (Inorganic) Group 

D. Thermal Behavior of Equilibrated Dowex 50-X8.6% Resin 

We have begun an investigation of the thermal behavior of ion exchange resins in order 

to determine some of the properties of the solutions ·within the resin matrix. Some experiments 

were performed using Dowex-50 cation resin in the hyd:r;-ogen form. Different samples of the resin 

were washed free of chloride and equilibrated at 25°C with l.OM, 3.0M, 6.0M, and concentrated 

( 1~M ) HCl solutions, and with deionized water. The resin was separated from the solution, blotted 

dry with filter paper and allowed to air dry overnight. We then froze the resin samples and ob

tained evidence of phase transitions in the e.m.f. vs. time curves for those samples equilibrated 

with 1.0M, 3 .OM, 6.0M · and concentrated HCl solutions, but failed (in repeated attempts) to de

teet any transition for the resin samples equilibrated with deionized water. We went down to 

-150°c. 

We have also observed the free.zing of pure concentrated HCl solution and obtained a 

transition at about the same temperature as we did with the resin equilibrated with concentrated 

HCl. These measurements will be extended to lower HCl concentrations to determine the lower 

limit of the transitions and to other cation and anion exchange systems. ( L. Leifer and 

0. R. Lundell) 

II. NUCLEAR CHEMISTRY 

A . .B -Decay-Energy Systematics near A = 40 and~ Possible Long-Lived K38 

Evidence for the existence of a long-lived naturally-occurring K38 of very low abundance 

has recently been reported.3 The isotopic composition of t;he argon contained in old potassium 

minerals had been determined, and a correlation between the potassium content, age, and A38 

content indicated that the A38 may be radiogenic from a potassium parent of half-life 1cf years and 

relative abundance of one part in 1010 of normal potassium. 

~8 is already known as two short-lived species, 7.7m and 0.95s4• 5. To see if a longer-:

lived ground state could exist, the total.B -decay energies cj3 of several nuclides in this region 

were calculated and compared with experimentally observed energies. Values of parameters (BA, 

ZA, oA' E'A) both as given by Coryell6 and also as estimated from Fix's revised values for slightly 

higher mass numbers 7 were used. In general, agreement between predicted and observed total 

decay energies for longer-lived isotopes (K
40

, A
37

, A'JJ, Cl36
) is better using values as estimated 

from Fix, but for shorter-lived isotopes (Sc40
, Ca39

, ~8 ) the original Coryell values give better 

agreement. The .B -energy systematics in this region of shell closure should be re-evaluated. 

For K3R, <f(exp) = 5.8, Q3 (Coryell)= 5.3, cf3 (Fix) = 4.1. If the ground state is 4 

Mev and .B decay is highly forbidden (log ft = 15, cf. Cl36 log ft :> 14) a half -life of about 106 years 

would be predicted8. 

('1~ . -12-
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An attempt to produce long-lived K38 by the Ca40 (d, 01 )K38 reaction was made. Ca metal 

was irradiated with 15-Mev deuterons in the.M.I.T. Cyclotron, Sc carrier and pure jc4l spike were 

added, CaF2 + ScF3 were precipitated, and the remaining K was purified by cation exchange. A 

mass spectrum of this material was made in the mass spectrom.eter laboratory of the Department 

of Geology and Geophysics, and no K38 was observed. By {3-counting an aliquot of the K sample in 

a proportional counter the yield of ~2 in the irradiation was determined, and by comparison with 

added ~1 spike an upper limit on K38 in the mass spectrum was estimated. From this, the cross

section for Ca40 (d, 01)K38 (long-lived) is less than about 6% of the Ca44(d, 01 )K42 cross section, if 

!(38 (long-lived) exists: (J. W. Winchester) 

B. Decay Properties of Some Neutron-Rich~ and Pd Nuclides 

A study of palladium and silver isotopes of mass number greater than 112 is being com

pleted. With the exception of 21.1m Ai1s and 5.3h Ag113 alt"half-periods in this region are less 

than three minutes. Therefore· chemical procedures have been devised for the rapid purification of 

silver and palladium from fission products and also for the rapid periodic extraction of silver from 

palladium and cadmium from silver. 

The half -life of Pd113 has been redetermined by periodic extraction of 5 .3h Ai13 to be 

1.43 minutes in agreement with 1.5m reported by Hicks and Gilbert.9 Likewise a 1.29m Pd has 

been established as the parent of a 1.25m Ag. The similarity of the parent half-periods of the 1.25m 

Ag and the 5.3h Ai13 suggests a common parent. 

The half-period of Pd11s was found by periodic extraction and counting of 21.1m Ai1s to be 

0 .. 83·± .20m. A more accurate value of 0.74 ± 0.04 was obtained by identical periodic extractions 

and subsequent purification and counting of 53h Cd11s after the complete decay of 21.1m Ai1s . 

Periodic extraction of Cd from Ag has established a 1.1 minute half-period for Ag117
• 

Direct observation of the decay properties of Pd113 and Pd115 were complicated by the 

growth of their daughters and by the presence of another Pd activity with a 2.4 ± 0.1m half-period. 

In the measurement of the f3 spcctruru uf Pd trom fission products, decay of 2.4 ± 0.1m was ob

served ·in all energy intervals over 3.5 Mev over a period of 15 minutes. According to the system

atics of {3 dec,ay, no Pd nuclide of mass number less than 117 (with the exception of Pd11s whose 

half-period is known to be shorter than 2.4m) is expected to have a maximum {3 energy E13 as high 

as 4.6 ± 0.4 Mev as observed in this experiment. However, Ai14 and Ai16 are expected to have 

very hard {3 radiation and possibly shorter half-periods than their Pd parents. No evidence was 

found for daughter growth in the hard {3 decay of Pd suggesting the Ag half-period of less than 10 

seconds if Ag114 or Ag116 were responsible for the obserVed E13 max. Very fast milking experiments 

revealed the existence of a 5 ± 2s Ag having {3 radiation over 3.5 Mev, which has a pa:rent of 3 ±1m 

half-period. These activities are thus assigned to either the 114 or 116 mass chain. The meas·

urement of the {3 spectrum of Ag separated directly from fission products gives evidence of a 

5.0 ± 0.4 Mev {3 activity which decays with a 2.5 ± 0.1m half-period. The 2.5m Ag activity may be 
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the same as the ,.... 2m Ag observed by Duffield and Knight by Cd11
\ n, p) which was assigned to 

Afl14 
•. (U. Schindewolf and J. M. Alexander) 

C. Fission Yields of Pd109 and Pd112 

The mass yields of products formed in the fission of lJ235 are quite sensitive to the energy 

of the bomba:r_d~ng neutrons. This effect is particularly large in the fission valley; that is, mass 

number!) 105 to 129. Experiments are in progress to determine the exact shape of the fission val

ley for ther~al neutrons and the effect of bombardment with neutrons of somewhat greater energy. 

Irradiations performed in the thermal column of the Brookhaven National Laboratory pile yielded 

values for Pd109 and Pd112 of 0.017% and 0.0136%, respectively, as compared with 6.44% for Ba140. 

This information is being correlated with values obtained from experiments performed with the 

M.I.T. cyc:;lotron and with data available from other laboratories. (C. E. Gleit) 

D. Separation of As Tracer f:r:om Deuteron-Bombarded Ge 

Arsenic activities are obtained by a deuteron bombardment of germanium. The separa

tion of the As activities formed usually includes the distillation of GeCl4 from HCl in the presence 

of nitric acid .. This keeps the arsenic in the +5 oxidation state which is not volatile. However, 

this procedure is not very satisfactory because of loss of As in the distillation process. 

A separation of As tracer from the Ge by ion exchange was tried. Ge forms strong anionic 

fluoro complexes with HF and is absorbed by an anion exchanger in the fluoride form. As(V) also 

forms fluoro complexes, but As(III) is not complexed by HF and therefore is not retained by the 

resin. Thus a separation of Ge and As in HF with an anion exchanger can be carried out if the 

arsenic is kept in the +3 oxidation state. 

The following procedure gives successful separations: o 

Dissolve the Ge target in a minimum amount of a mixture of HF and HN03 • Evaporate 

on a steam bath and dissolve the residue in 0.5 - 1M. HF. Reduce As(V) with S02 and pour solu

tion on an anion exchange column (Dowex-1, 8% cross linking) which had been equilibrated with 

0.5M. HF. As(III) is eluted with 3 - 5 column volumes of 0.5 - 1M HF. The hydrofluoric acid 

may be evaporated on a steam bath after adding a few ml cone. HN03 to oxidize As to the +5 oxida

tion state, which is not volatile. 

A high yield of As(III) tracer is obtained. (U. Schindewolf) 

E. Preparation of Carrier-Free Niobium Tracer 

Carrier-free 35d NlP5 has been isolated from fission products. It can be made by deuteron 

or slow neutron bombardment of Zr and by deuteron or fast neutron bombardment of Mo. The chem

ical processing of these sources is formidable, so the reaction10 yti 9 (a,n)Nb92 was tried, since 

the chemistry of the Y -Nb system is relatively simple. 

For 15 J.1. amp.-hrs., 400 mg Y20 3 wrapped in Al-foil was bombarded by 39-Mev a parti-

cles. The target was dissolved in hot HCl and put onto the top of an anion exchange column, 
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100-200 mesh Dowex-1 in the chloride form. Under these conditions Y is not adsorbed11 and is 

wa$hed off with a. few ml. of concentrated HCl, which also carries Qut the rare earth impurities. 

Niobium is rather strongly adsorbed at high HCl concentration and can be e.luted by washilig with 

mixtures of HCi-oxalic acid12 or by eluting with 4M HC111 . 

Half-life measurements indicate that the principal species present is lOd Nb"2 • Gamma

ray energy measurements, however, showed the presence of some 64d Nb 91m which decays mainly 

by electron capture, but indicated no other gamma-ray emitting species. (E. Bruninx and 

J. W. Irvine, Jr.) 

III. SOLVENT EXTRACTION 

A. Solvent Extraction of Nb and Ta 

1.. Extraction of Nb and Ta as Organic Complexes. 

The extractability of several Nb-complexes in various systems has been tested as follows. 

The complexing agent was dissolved in an organic solvent. Equal volumes of organic solution and 

aqueous Nb solution -- initially in HCl -- at different pH were shaken and the distribution ratios· 

determined. 

The coinplexing agents were: 1- and 2 -naphthol, 2 -nitroso-1-naphthol, alizarin-S, 

thenoyl trifluoroacetone, and 8-quinolinol. The solvents used are: methylisobutylketone, amyl 

acetate, and benzene. The distribution ratios ~ere all < 10-3 • 

The results with the c;omplexiJig agents 5, 7 -dibromo-8 -quinolinol and the corresponding 

chloro compounds were more promising, as shown in Table 2.I. These distribution ratios are 

measured at pH = 10. At lower pH values the distribution ratio decreases rapidly to < 10-3 • 

There is some correlation between the distribution ratio and the dielectric constant of the solvent 

although amyl acetate behaves anomalously. 
. .rt 

TABLE 2.1 

Some Distribution Ratios D for Nb Complexes at pH10 

Dielectric D for D for 
Solvent Const. 5, 7 -Dichloro -8 -Quin. 5, 7 -Dibromo -8 -Quin. 

N i trohenzene 34 5 1.5 

Amyl acetate 5.8 4 1 

Dichlorodiethyl ether 21 3 a 

Methyl Isobutylketone 13 2.5 a 

Chloroform 4 2.1 a 

Isopropylether 3.8 ) 20 a 

a = Reagent solubility too low for measurement. 
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2. Extraction of Nb and Ta as Chloro Complexes. 

Nb·and Ta can be extracted by higher ketones at 8 - 12M aqueous HCl concentration. Nb 

was carrier-free and Ta at a concentration of ~10-7 M. The aqueous solutions at different acidities 

were equilibrated with an equal volume of methylisobutylketone. 

At 7.8 M HCl the distribution ratios are 50 for Nb and 0.02 for Ta, which gives a ~epara

tion factor of "' 2, 500. 

Addition of 10-2 M oxalic acid to the aqueous phase decreased the extraction by a factor 

."'10. This phenomenon is analogous to the chromatographic behavior of Nb and Ta using methyl 

~fuyl ketone and cellulose.l3 

Considerable difficulties are encountered, however, in using the pure chloride complexes 

due to hydrolysis and difficulty in the solubilization of the hydroxides. (E. Bruninx and 

J. W. Irvine, Jr.) 

B. Extractabilities and Acid Strength ~f Mineral Acids in Bis ( 2 -chloro) ethyl Ether 

Determination of dissociation constants of mineral acids in his ( 2 -chloro )ethyl ether from 

conductance measurements bY. the extrapolation method failed for HN03 and HCl. After· modifying 

the original procedure of calculations and checking it against HC104 , where the extrapolation 

method was applicable, it was concluded that the modified method is sufficiently reliable. An ap

proximate dissociation constant was obtained for HBr where the evaluation of the data was compli

cated by HBr -ether interaction. The experimental results on H2S04 were considered too poor to 

justify a mathematical analysis. The thermodynamic dissociation constants are 2 x 10-4 , 

5.6 x 10-5
, 5 x 10-6

, 1.44 x 10-6 for HBr, HC104, HCl, and HN03 • (E. Rudzitis and 

J. W. Irvine, Jr.) 

C. The Water Content of Bis(2-chloro)ethyl ether in Equilibrium with Aqueous Mineral Add 
Solutions 

· The percent by weight of water in his ( 2 -chloro )ethyl ether in equilibrium with aqueous 

solutions of various concentrations of HCl, HBr, HN03 , HC104 , H2S04, and LiClwas determined. 

by Karl Fischer titration. The results are shown in Figure 2.2. The temperature dependence of 

the water content of the ether in equilibrium with water can be represented empirically over the 

range 0 to 60°C by 

where t is the temperature in °C. Large volume changes, i.e. greater than 10%, were observed 

only in the case of HC104 at concentrations above 8.0M. Under these conditions, not only does the 

volume of the ethereal phase markedly increase, but ether also dissolves in the aqueous phase, as 

evidenced by the separation of ether when the aqueous phase is added to. water. The upward sweep 

of the HN03 and HC104 curves presumablycannot be attributed to oxidation of the Karl Fische·r 

reagent by these oxidants, for Fischer titration of methanolic solutions of HN03 and HC104 of known 

water content yielded water contents in agreement with the known values within experimental error. 

.,, '""co··· '*.) 
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Figure 2.2 

The water content bis ( 2 -chloro )ethyl ether in equilibrium 
with aqueous mineral acid solutions. 
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I. THE THERMAL DE.COMPOSITION OF BENZOYL PEROXIDE 

Previous work in this laboratory on the analysis of reaction products in the thermal dec om

position of benzoyl peroxide was concerned with dete.rmining yields of the four principal.products, 

benzene, benzoic acid, phenyl benzoate and diphenyl as functions Of styrene concentration!. It 

was found that the yields of three of these, benzene, phenyl benzoate and diphenyl all increased with 

styrene concentrationup to 0.015 M styrene, the concentration at which eriou~h styrene is present 

to stop induced decomposition, and then decreased somewhat at higher styrene concentrations. The 

yield of bem:oic acid, however, was not affected by changes in styrene concentration. These data 

seem to indicate that benzoic acid is formed by a reaction between benzoyl peroxide or benzoate 

radicals and the solvent, cyclohexane. Such a reaction can be visualized as occurring in either of 

two ways: (a) one hydrogen at a time can be abstracted from a cyclohexane molecule· to give ben

zoic acid and cyclohexyl radicals, or (b) two hydrogens can be abstracted simultaneously from one 

cyclohexane molecule in a concerted process to give benzoic· acid and cyclohexene. 

These two mechanisms can be differentiated by the presence or absence of cyclohexene in 

the reaction mixture. Work has been begun, therefore, to determine whether or not cyclohexene is 

formed by the thermal decomposition of benzoyl peroxide in cyclohexane solution .. Spectral methods 

of looking for cyclohexene were tried first. Ultraviolet spectroscopy could not be used because the 

chief ultraviolet absorption of cyclohexene is at 185 mJ.l, which is in a fairly inaccessable region .. 

Infrared absorption seemed more promising: benzene and cyclohexene do have very different ab

sorptions in the carbon -carbon double -bond stretching region at 1600 em -1 • This, however, failed 

as well, for since cyclohexene is a symmetrically substituted olefin, its absorption in this region 

·corresponds to a forbidden transition and has a very low extinction coefficient2 . 

Prelimin~ry experiment:; wl~ gas -liquid partition chromatography showed that this new 

technique would serve very well. A silver nitrate-ethylene glycol column afforded v~ry good sep

aration of all three components of a cyclohexane, cyclohexene, and benzene system, and cyclohex

ene concentrations as low as 0.003 M could easily be measured with fair accuracy. This method, 

therefore, is now being used to determine whether or not cyclohexene is a product of the thermaf 

decomposition of benzoyl peroxide in cyclohexane solution. (A. J. Kresge) 

II. ORIGIN OF ISOTOPE E~FECTS IN LIGHT AND HEAVY WATER 

Rate. constants for the hydrolysis of dimethyl sulfate have been determined in light and heavy 

water at 250 and at soo (runs at oo are in progress) and in 50% light water -dioxane and SO% heavy 

-19-
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water-dioxane mixtures at 50°. Runs in dioxane containing less than 1% light and heavy water are 

nearing completion. It is hoped that these data comprising both solvent and temperature variations 

will afford a basis for the interpretation of the relative nucleophilicities of H:!O and D20. 

For the analysis of the above data, the activity coefficients of the reacting species must also 

be measured. In the case of dimethyl sulfate, which reacts quite rapidly with water at tempera

tures of 25° and above, a kinetic method has been employed. With excess dimethyl sulfate reagent, 

the hydrolysis proceeds at a constant rate which may be represented as 

dx 
- - -= k [DMS] T 

dt 

where k is the rate constant previously determined, and [ DMS] T, the solubility of dimethyl sulfate 

at the temperature T. Hence, from the slope of the curve obtained by plotting x ( ml. of titrant) 

versus time, the solubility, [ DMS] T, may be determined. This method has been employed at 25°C 

where the curves exhibited ·no deviation from linearity and a relative solubility of 1.24 was obtained 

for dimethyl sulfate in light and heavy water. 

The rate constant for the basic hydrolysis of ethylene chlorohydrin has been determined in 

both light and heavy water. The results are in excellent agreement with those previously obtained 

in this laboratory by Dr. Ketley. ( R. F. W. Bader) 

J.II. METHANOL YSIS OF TRIPHENYLMETHYL CHLORIDE 
IN BENZENE SOLUTION 

Liquid scintillation counting has been used to measure the rate of reaction at 25° of tri-

phenylmethyl ( trityl) chloride in benzene solution containing pyridine with methanol having tritium 

substituted on carbon. The procedure for separation of unreacted methafiol from the reaction solu

tion and its measurement has been described in a previous report. Tritiated methanol-d was pre

pared by a series of exchanges with deuterium oxide and its reaction with trityl chloride followed 

under the same conditions. 

At initial methanol concentration of 0.001 M the reaction is pseudo.:.fir.st order in methanol 

with a calculated second order rate constant of 0.255 ± 0.005 M -1 hr. -I At the same initial concen

tration, methanol-d (containing 3% methanol) gives a calculated constant of 0.239 ± 0.004·M -t hr. -1 

The isotope effect is 1.07 ± 0.015. This relatively small effect suggests that methanol and 

methanol-d have comparable nucleophilicities and is added evidence that trityl chloride may par

tially ionize in benzene solution containing a tertiary amine without conventional electrophilic help. 

When the methanol concentration is initially 0.04 M the reaction order is between second 

and third, probably the sum of the secona order reaction observed alone at very low methanol con- . 

centrations and a concerted third order mechanism. Methanol-d. however, even at 0.04 M initial 

concentration reacts almost entirely by a bi-molecular mechanism with a rate constant 
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approximately 0.27 M -I hr. -I Thus; it appears that methanol.:.d is not as effective an electrophi1e 

as methanol. (B. E. Pegues) 

IV. ISOTOPE EFFECTS IN DECARBOXYLATION OF .8-KETO ACIDS 

p-Methoxybenzoylacetic acid and acid-d were synthesized and decarboxylated in benzene 

at 50°. The relative rate O<H/kD) was unexpectedly larger than unity, viz., 1.18. To check our 

earlier results, p-methylbenzoylacetic acid.and acid-d were synthesized and decarboxylated again. 

The isotope effect was 0.87, in fair agreement with the 0.84 previously reported, confirming that 

the proton is more tightly bound iii the transition state than in the ground state when a p-methyl ·. 

group is present. The unexpected result wit:Jl p-methoxyl indicates that the bond between the ben

zoyl oxygen and the proton is less covalent in t;he transition state in spite of a more stable transi

tion state relative to theground state (a 60% faster rate than with p-methyl). This greater stability 

must arise from ionic stabilization of the proton in the transition state. ( R. N. Griffin) 

V. PROTON TRANSFER REACTIONS 

I 

Anbar and Dostrovsky3 suggested that the mechanism of the fast reaction 

k 
HOCl + t-BuOH y t-BuOCl + H20 

in water solution at 25° consists of 

HOCl + H30@ + H20@Cl + H20 

H20@Cl + t-BuOH f HOCl + BuOE9HCl 

BuO @HCl + H20 + BuOCl + H30 G) 

with the first proton exchange ( ki) as the rate -determining step. If this is so, it should be ·possible 

to measure the isotope effect in oxygen-to-oxygen proton exchange by comparing rates in light vs. 

heavy water. Anbar and Dostrovsky used the difference in ultraviolet absorption of hypochlorous . . 

acid and t-butyl hypochlorite at 2900 A to follow the course of reaction. In the presence of excess 

t-butyl aicohol and water, the reaction is first order in both direCtions. If D
00

, Dt and D0 are ·the 

optical densities of the reaction solution at equilibrium, time t and at zero time then 

1 Doo -Do 
k + k' = 2.3t log Doo - Dt 

However, the small change in optical density throughout the ·reaction and the high velocity vitiated 

the use of the Beckman and Carey recording spectrophotometers without major modifications, which 
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were not attempted. 

An alternative method using nuclear magnetic resonance spectroscopy seems feasible. 

The proton has different electronic environments in the hydronium and hypochlorous acidium ions 

and it is to be expected that separate absorption peaks should be observed if the exchange is as 

slow as claimed by Anbar and Dostrovsky. However, at higher concentrations of acid the peaks 

should broaden, coalesce, and finally narrow into a single line as a result of rapid exchange. The 

results obtained so far with this procedure are inconclusive because only a single absorption has 

been observed. 

Work is also in progress on the mechanism of exchange of hydrogen between ammonium 

salts and alcohols in the presence of acids. This line of research is the subject of the theses of 

J. T. McKnight and M. M. Labes4. In their investigations, deuterium was used as a tracer; some 

further work in these laboratories by V. P. Kreiter involved the use of tritium. Since this work was 

done, the group has acquired a liquid scintillation counter and it is hoped that the improvement in 

the ease and accuracy of estimating the tritium will allow a more detailed study of the kine.tics and 

mechanism of the exchange. The immediate objectives are first, to check the first order dependence 

of rate on the concentration of ammonium ion, and second, to decide whether direct exchange be

tween ammonium ion and protonated solvent {N, N -dimethylformamide) is sufficiently fast to invali

date the mechanism suggested by the work of McKnight, Labes and Kreiter; preliminary results 

indicate that this possibility may be rejected. (J. W. Ladbury) 

VI. MECHANISM OF THE CANNIZZARO REACTION 

Research has been initiated in an attempt to delineate the mechanism of the Cannizzaro 

reaction by proving or disproving the existence of a reaction intermediate. Benzaldehyde labeled 

in the para position with tritium will be treated with alcoholic sodium hydroxide and the kinetics 

followed by means of counting techniques. The rate of formation of benzyl benzoate, if it is a true 

reaction intermediate, will differ from that obtained if it is produced by a secondary reaction in

volving benzylate anion and benzaldehyde. Since the Geissman mechanism requires the presence of 

benzyl benzoate as a reaction intermediate while the Hammett mechanism does not, it should then 

be possible to discrimin,ate between the two. 

An inves.tigation of the synthetic reactions required for thi!? study using unlabeled com

pounds has been completed. Benzaldehyde has been prepared by photochlorination of toluene to 

benzyl chloride followed by alkaline· hydrolysis. 

The re_sulting crude product was steam distilled, converted to the sodium bisulfite adduct 

and finally purified by distillation in a Holzman column. A Cannizzaro reaction was run with ben

zaldehyde in aqueous sodium hydroxide, and the resulting benzyl alcohol and benzoic acid separated 

and purified. Benzoic add was esterfied with benzyl alcohol by refluxing in a large excess of 

-22-



Nuclear Chemistry (Organic) Group 

benzene using p-toluene sulfonic acid as catalyst. Water was removed continuously during the 

refluxing operation, and the benzyl benzoate, after thorough washing with sodium carbonate solu

tion and water, was finally purified by vacuum distillation. 

The next reaction to be studied will be the preparation of toluene-p-t from p-bromotoluene 

via the Grignard reaction. (A. L. Powell) 

VII. STATISTICAL TREATMENT OF RATE DATA 

Calculation of the best value of a specific rate constant from kinetic data is a problem 

which has never been solved satisfactorily. The various graphical and analytical methods in gen

eral use give fairly consistent and unambiguous results ·with good data, i. e., data in which errors 

are comparatively small, but even here the full precision of the da.ta is seldpm realized. With data 

of low precision, calculation of a significant value for the rate constant and· an estimate of its reli

ability by these conventional methods becomes hopeless. 

Stati~tical methods have been applied to the solution of this problem, but the more rigorous ' , ~. 

of these have usually met with little success because they have invariably involved ml-.lch tediuos nu- ·· 

. merical calculation. It is well known that the burden of such calculation can be very considerably 

reduced by. the use of an electronic computer. Since M.I.T. will soon have an IBM 704 digital com- .; . 

puter available to research groups, we have decided to launch a program designed to apply elec-

tronic computation to the calculation of the best value of a rate constant from kinetic data. 

The simplest kinetic rate expression is that for a first order reaction; we have, therefore, 

started with the problem of fitting first order kinetic d~ta. In such an undertaking, the concept of 

"best fit" must always be considered. The method of least squares is generally applied to th~ fit

ting of physical data, but its use is completely justified only for cases in which the data show a 

Gaussian distribution. Its application to cases of markedly skewed distributions is especially du

hirms. There is reason to believe, howevt:::.L, U1al t11e data usUally encountered in kinetic work is 

Gaussianly distributed. The least squares method will, therefore, be used in this work. 

The problem,· then, is to minimize the squares of the differences between observ_ed data 

and calculated values. Since the distribution of a non-linear function of a.Gaussian distribution is 

not necessarily Gaussian as well, the form of the first order rate expression used to fit these data 

is very important. That is, the expression which is used to determin·e the calculated values must 

be linear in the experimentally measured quantity which contains the error. The most general ex

pression of this sort for a first order reaction is 

a +beet 

where a is the final value of the measured quantity, b is its total range, and c is the negative of the 

specific rate constant; tis time, in which it is assumed·there is no errorS. Then a, band c can 

be treated as disposable parameters, the best values for which can be determined by minimizing 
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the squares of the residuals: 

ct· Unfortunately, the exponential portion, e 1, causes the normal regression equations to be tran-

scendental functions. Work is being concentrated at the present time on the best mathematical 

solution of these equations by various methods of approximation. (A. J. Kresge and B. E. Pegues) 

VIII. COMPARISON OF NUCLEOPHILICITIES IN LIGHT AND HEAVY WATER 

The work on the relative nucleophilic activities of anions towards the triphenyl carbonium 

ion in water-dioxane and heavy water-dioxane has been continued. The approximate values of kufkO, 

where ku l.s the rate of reaction of the nucleophilic species n, and k0 that of water with the triphen

ylcarbonium ion, were given in the last report of the Laboratory for Nuclear Science (November 

30, 19S6) for azide ion, hydroxide ion and aniline. The correct values are the following: 

kazide/k0 = 2.60 x lOS and 4.40 x 105 for light and heavy water respectively; 

kaniline/k0 = 7.8 x Ht and 11.3 x 103 for light and heavy water respectively. 

The values for hydroxide ion are still uncertain. In the presence of 0.1 M sodium perchlorate the 

kn/k0 values for azide ion are 1.20 x 105 and 1.83 x 105 for ltght and heavy water respectively. 

Rates of solvolysis of O.OOlS M triphenylmethyl fluoride in SO% water - SO% dioxane and 

SO% heavy water - SO% dioxane at 2so were measured, and the results are shown in Table 3.1. 

TABLE 3.1 

Solvolysis of Triphenylmethal Fluoride 

Salt Added Solvent 104k, sec -1 

None·· H20 6.Sl 

None D20 4.70 

NaCl04 , O.OlS M H20 7.17 

NaC104 , O.OlS M D20 S.l9 

NaF, O.OlS M H20 S.41 

NaF, O.OlS M D20 3.94 

The knuoridefkO values for both mixed solvents have been calculated from the above data, and are 

. S9S and S87 for light and heavy water respectively. (M. Allen) 
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IX. HYDROGEN TRANSFER IN BENZYL CATIONS 

Radioactive o -methyl (C14
) -benzyl tosylate has been solvolyzed in formic acid and the 

resulting formate has been converted toN -acetyl-£_-toluidine. The activity of this compound is 

0.22% of that of the initial tosylate, indicating only a slight exchange. of hydrogen in the postulated 

£_-methylbenzyl cation. The behavior of £_-methylbenzyl tosylate in liquid sulfur dioxide is under 

investigation. ( V. Zale) 

X. INVESTIGATION OF THE MECHANISM OF THE DECOMPOSITION 
OF ALKYL CHLOROSULFITES 

The decomposition of !!. -butyl chlorosulfite in di -!!_-butyl ether at reflux temperature af

fords !!. -butyi chloride in over 80% yield. The rate of decomposition of thi!3 chlorosulfite (initial 

cone. 0.05 M ) in dioxane is first order in chlorosulfite for the first third of reaction,· autocatal

ysis becoming important thereafter. Neopentyl chlorosulfite has been prepared in high over-all 

yield by. the reduction of trimethy1acetic acid to neopentyl alcohol by means of lithium aluminum 

hydride and conversion of the alcohol to the chlorosulfite by the method described in previous re

ports. Preliminary experiments on the decomposition of this chlorosulfite in toluene indicate de-.. 
composition at a rate c.omparable to that of !!_-butyl chlorosulfite and formation of alkyl chloride 

and olefin. This result is in marked contrast to the decomposition of the chlorosulfite in the ab

sence of solvent in which the sulfite is reported to be the principal product. Following a kinetic .. 
comparison of the !!_-:-butyl, neopentyl and apocamphyl chlorosulfites, the importance of solvation on 

the course of these reactions wili be investigated by decomposition of C14 labeled chlorosulfite in 

di-!!_-butyl ether. (P. M. Zanet) 
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I. OPERATION OF THE LARGE MULTIPLATE CLOUD CHAMBER 
AT THE BROOKHAVEN NATIONAL LABORATORY 

The program of measurements with the large multiplate cloud chamber at the Brookhaven 

National Laboratory has been completed. About 10, 000 pictures were taken with either 1.8 -Bev 

71'- mesons or 2.5 -Bev protons incident. The first scanning of these pictures is nearing completion, 

and so far about 800 unstable particle decays have been found. 

In a sample of about 8000 proton tracks going through the iron plates of the chamber, 17 V0 

events were seen, whereas with about 3000 meson tracks, 45 Vd's were found. This means, after 

making appropriate corrections, the cross section for the produc"tion of V0 's in iron by negative 

pions is 5 ± 2 times as large as that for production by protons. It should be emphasized that this 

is a preliminary result. 

Because the chamber is an efficient shower detector, we have searched particularly for 

strange particle decays involving gamma rays. So far we have seen showers attributable to 

~0 - A0 + y,~ +- p + 7!'
0 (where 7!'

0 - 2y), and probably A0 - n + 71' 0 • We have looked 

especially for the decay eo - 2rr0 by searching for suitable showers associated with a lone A 0 • 

Such a lone A 0 presumably should have been produced together with a eo (if no K+ is observed), 

but ~ot one which decayed by e0 - rr+ + 71'-. Instead, the e0 could have decayed by the 2rr0 mode, 

in which case showers should have been seen. Now if the spin and parity of the e0 are even, the 

decay mode e0
- 2rr0 is allowed, whereas if the spin and parity are odd, it is. strictly forbidden. 

In the former case, if also the total isotopic spin selection rule for decay, ~ T = 1/2, holds, the 

ratio 6°- 2rr0 je0 - rr+ + rr- should be 1/2. Froin the lack of showers accompanying lone A0 's, 

we can conclude even from a preliminary analysis that this decay branching ratio is certainly less 

than 1/2. (H. Blumenfeld, H. S. Bridge, E. Boldt, Y. Pal, D. 0. Caldwell, H. Bradt, and B. Rossi) 

II. THE VELOCITY SPECTRUM OF COSMIC RAY J.L-MESONS AT SEA LEVEL 

The apparatus described in previous reports is sensitive to J.L mesons of residual ranges 

from 6 to 30 g em -2 
• The timing counters are separated by 9. 7 meters of air. The data recorded 

for each event are the following: 

1. The number of delayed events occurring in the scintillation absorber, i.e., the second 

timing counter, within 8 J.L -sec aftf?r the particle traverses the top counte.r and stops in 

the absorber. 

2. The energy loss in the absorber, i.e., the pulse height in the absorber. 

3. The time-of-flight in traversing the 9.7 meters between the counters. 
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Analysis of the first group of data gives the results shown in table 4.1. 

Residual range 
interval g em -2 

No. of events 

TABLE 4.1 

Distribution of Events Amorig Various Range Intervals 

6-11 11-16 16-21 21-26 26-30 

2 8 6 9 7 

30-45* >60 

4 13 

*These four events were within the statistical uncertainty of measurement for 30 g em _z residual 

range. 

In thirty-three hours and fourty-four winutes ( 33:44) there were a total of 49 events 

where there also occurred another event within 8 fJ. -sec, and the average time separation of these 

49 delayed events from the original events is 2.62 ± 0.37 f.J.-sec. However, only 36 of these events 

had a time-of-flight consistant with the detection range of the counters, i.e., within .one standard 

deviation of the uncertainty of time measurement. The average time separation of these 36 events 

is 2.42 ± 0.39 f.J.-sec. All but one of the other 13 events to be classified were three or more standard 

deviations from the minimum time-of-flight requirement. Thus they will be classified as acciden

tals,- The time-of-flight of a {3 = 1.0 particle is 32.4 m f.J.-Sec. The minimum time-of-flight of a 

detectable particle is 39.3 m f.J.-sec. The experimental uncertainty of measurement, i.e., the root 

mean square deviation, is 1.7 m f.J.-SeC. 

The rate of f.J.-mesons, from the 36 events above, with only the correction for the 2.4 per

cent of ¢e fJ. -e 1 s which decay after 8 -f.J. -sec, gives a differential vertical intensity of f.,!-mesons at 

18 g em -2 ( 6 to 30 g em -2 interval) residual range of: 

Iy = (6.62 ± 1.10) x 10~ f.J.-mesons sec-1 g-1 steradian-! 

The following corrections were not included in the above intensity calculation. An upper 

limit of six percent of the decay electrons will not be seen by the apparatus because the electron 

energy is below the threshold of apparatus detection. The bias against the detection of the fJ. -e 

decay, other than energy-wise, has not yet been estimated. This correction can be determined 

from the timing measurements of the other events which have not shown an additional event within 

8 f.J.-sec. (G. W. Clark and J. S. Strickland) 

III. AIR SHOWER MONITOR 

Dr. Juan Hersil of the Laboratorio de Fisica Cosmica, La Paz, Bolivia, has joined the 

Cos~pic Ray Group during the past quarter, and has begun analysis of the data presently accumu

lated. Dr. Hersil 1 s familiarity with the problems which have been encountered in operating the 
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equipment in Bolivia will help us to improve the efficiency of that operation. 

The monitor in Colorado has operated steadily, and is at present being attended by 

Mr. Hewitt on a spare-time basis. (H. Bradt, J. Hersil, R. W. Williams, in collaboration with 

I. Escobar, Laboratorio de Fisica Cosmica, La Paz, Bolivia) 

IV. LARGE MESON TELESCOPE 

Efficiency and plateau checks of the first two scintillator boxes showed that sensitivity 

and uniformity of response were insufficient with one five -inch phototube per box. A second photo

tube was then added and excellent results were obtained. The coincidence rate is about 330 counts 

per hour with a single rate of between 3000 and 4000 per hour for each box, each box containing 

3.4 m2 of scintillator. 

A stability in counting rate corresponding to a 1% change in total coincidence ra,te for a 

10% change in the gain of either detector was thus achieved over a range in gain of approximately 

3 to .l. Also the constancy of the tr·ue coincidence rate (after subtracting accidental coincidences) 

within 1% over a variation in gain of 1.5 to 1 at the highest gain available indicates that substantially 

perfect detection efficiency has been achieved for penetrating particles in this region. 

Since the necessary stability against bias changes had been achieved, the first telescope· 

unit, totalling 3.4 m2 of scintillator in each detector, was put into operation on January sixteenth 

recording the rate with a counting rate meter and a recording Esterline-Angus milliammeter; 

The rates from the early part of this period have been analyzed. The only notable fluc

tuations observed during January were several decreases which correlate fairly well with sudden 

meteorological changes, and one large decrease of 8% following a magnetic storm on January 

twenty-first. Work is being undertaken to find the atmospheric effects on our rates more precisely, 

so as to reduce these effects. 

The four other scintillator fioxes comprising the last two of the telescopes have been set 

up and the electronics for these scintillators is now being installed. Some sections of the counting 

rate integrator previously described have been redesigned in the interests of reliability and this 

circuit is ready to replace the counting rate meter now recording our rates. ( R. D' Arcy, . 

M. Muraskin, R. Palmeira, and R. W. Williams) 

VI. LARGE AIR SHOWER EXPERIMENT 

The experiment continues to operate reliably and well. It is currently visited and tested 

three times a week, and essentially no running time is being lost due to instrumental failures. 

About the end of November, 1956, the detectors at the Harvard site were improved by 
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replacing the 2 -inch photomultipliers with 5 -inch tubes. At the same time preamplifiers w~re 

installed at the ·detectors, and a new system for calibration was inaugurated. ·The preamplifiers, 

by improving the impedance match between phototube and transmission line, permit operating the 

phototubes at lower voltage, consequently smaller multiplication for the same signal at the receiv

ing end of the cable. Tests have shown that with the new arrangement relation between pulse height 

and shower density remains linear up to densities an order of magnitude greater than before, so 

that corrections for space-charge limiting are no longer necessary. The change-over to larger· 

phototubes had a different purpose; to permit an improvement in the technique for calibration. 

The seven -fold ~crease in photocathode sensitivity permits a clear separation between cosmic ray 
I '•.;. • 

pulses and_noi:?e,on the basis of amplitude alone. As a result, the 'bias curve' for cosmic rays is 

a &oocl measure of the sensitivity of a detector. A device has been put in operation which records 

bias curves on a paper strip chart, one detector at a time. Each detector records a lJias curve 

three times a day. The relative sensitivities measured in this way are precise within a few per

cent. The relation between the bias curve and the absolute sensitivity has been found by an auxil

iary experiment using a GM counter telescope. 

The effect of·the changes on reliability, accuracy, and ease of operation has been grarifying. 
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Our most recent results concerning the large showers we are detecting are best presented 

in the form of the accompanying curves, as shown. in Figures 4.1 and 4.2. 

These Figures. show the measured lateral distributions for the two largest showers found 

so far. There can be little doubt, based ·upon th.e evidence offered by these two events that showers 

with more than 108 particles do exist. 

·Figure 4.3 shows composite measured lateral distributions for showers grouped according 

to size and zenith angle. To date we have no conclusive evidence that indicates that the lateral 

distribution function changes either with shower size or zenith angle. 

If one assumes the isotropy of prima:ry cosmic rays at the top of the atmosphere, it is 

clear that the dependence of shower size on atmospheric depth can be deduced from our data. An 

analysis of this sort leads to a value of A~ 150 gem -2 where A enters the expression for the num

ber of particles at depth x as follows: 

N(x) = N(x0 ) e 

where x0 is the vertical depth -Qf the atmosphere. In this way we can deduce, for each shower, a 

value for N(x0 ), the equivalent vertical size. Figure 4.4 shows the equivalent vertical differential 
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size spectrum of showers. This spectrum has been converted to an energy spectrum by using a 

theoretical shower-size --primary energy relationship developed by S. Olbert. This energy spec

trum as well as a summary of previous high energy cosmic ray intensity measurements is shown 

in Figure 4.5. That this spectrum extends to energies over Hf8 e.v. we take to indicate that ga

lactic magnetic fields are larger either in magnitude or extent than has been previ9usly supposed . 

I .... -en 

10-0r-------------------------------------------------, 
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......... 

'-o 
......... 

......... 
.......... 

.......... 
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' " '\. 
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' 

M.I.T. Air Shower Exp. 

Kinetic Energy 

Figure 4.5 

Primary cosmic ray energy spectrum. 

Figure 4.6 shows the direction of arrival of some of the highest energy showers. It is 

clear that all high energy primaries do not come from a single direction •.. (B. Rossi, G. W. Clark, 

J. Earl, W. L. Kraushaar, J. Linsley, F. Scherb, and T. Cline) 
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VII. MU .MESON COMPONENT OF LARGE AIR SHOWERS 

Data have been taken on over 3000 show·ers recorded by the air sh6wer experiment at 

Harvard, Massachusetts. The final results from about 700 of these have been punched.on IBM 

cards. Lateral distribution curves have been obtained for near vertical showers in three size 
. ...5 6 6 ·6 6 . 7 . 

ranges -- 3 x 1u to 10 , 10 to 3 x 10 , and 3 x 10 to 10 electrons. These curves are all con-

sistent with a r-1 density distribution for r between 30 and 150 meters, but there is evidence that 

the density falls off faster at distances greater than 150 meters (see Figure ·4. 7 ). Since few show

ers are observed at distances greater than 150 meters, and since an appreciable fraction of the 

penetrating particles fall outside this distance, it is impossible to fmd the total number of penetrat

ing particles in these showers with any degree of accuracy. However; a rough lower .limit on this .. 

quantity is determined by the data. From this determination, we can say that ~ore th<m 4% of all 

the .particles in air showers having between 106 and 107 electrons are penetrating particles capable . 

of going through 900 g/cm2 of lead . 
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Figure 4.7 

Lateral distribution of f.1. mesons in near vertical air showers 
(0 < 250). Ne is the total number of electrons "in a shower. 

The curves represent r-1 lateral distributions. 
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The detector has been moved to a point near the edge of the array where data on pene

trating particles falling more than ISO meters from the core are now being accum1:1lated. 

(J. A. Earl and W. L. Kraushaar) 

VIII. ARRIVAL DIRECTIONS OF AIR SHOWERS 

We are completing the analysis of the data on the arrival directions of air showers of 

sizes near 105 particles obtained with the small detector array located on the roof of M.I.T. 

Similar data on arrival directions of air showers are now being recejvecl regularly from 

the group which is operating the detector array which was set up at Kodaikanal, South India, last 

summer. A new,- faster program for analysis of these data is now being prepared for the IBM 650 

computor. (G. W. Clark) 

IX. CALCULATIONS ON HIGH-ENERGY COSMIC-RAY CASCADES 

During the continued study of the high -energy N -component cascades it was found that the 

Landau's model of multiple production can be treated in a rigorous analytic fashion. Exact solu

tions resulting from this model have been investigated in detail. Numerical calculations based O!J. 

these solutions have been carried out for several quantities of interest to experimenters. In par

ticular, the relative absorption rates of large electron-photon showers have been computed and 

compared with preliminary experimental results obtained by this group.. ( S. Olbert) 

,X. SEARCH FOR LONG-LIVED K MESONS USING THE COSMOTRON 

The production of a delayed energetic activity previously described might exhibit a sharply 

risingexcitation function for protons of energy near 3 Bev. Such behavior would be consistent with 

results from recent measurements made at the cosmotron, where a scintillation detector was 

subjected to radiation from a proton bombarded target at an angle of about 45 degrees with respect 

to the direction of the beam, for proton ~nergies of 3 Bev and 1.8 Bev. To provide information for 

planning new instrumentation in this investigation, the main detector was to be placed in the path 

of the external 3-Bev proton pencil beam of the cosmotron. However, on the day before this run 

was to take place the cosmotron broke down. No further work has since been possible, but the 

program will be resumed when the cosmotron is again operating. (E. Boldt, H. S. Bridge, B. Rossi, 

and D. 0. Caldwell) 
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XI. NEUTRON DETECTOR. 

Since the last Laboratory for Nuclear Science Progress Report (November 30, 1956 )·, a 

new.prototype neutron detector has been developed to be used in conjunction with the large air 

shower experiment. This differs in that it employs the coi~cidence method to detect Cd113(n, y)Cd114 

gamma cascades in order to avoid background difficulties, and is now being tested and calibrated. 

In operation with the air shower array, the. detector will give infqrmation on the neutron density as 

a function of primary energy and shower size, and of distance from the core, i.e., lateral distri

bution. (T. L. Cline and J. Hersil) 
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TIME-OF-FLIGHT PHOTONEUTRON SPECTROSCOPY 

The evolution of the equipment for measuring photoneutron spectra by time-of-flight 

techniques is continuing, but at a slower rate. The equipment is c;tpproaching a reasonable degree 

of refinement, and has been used to measure the velocity distribution of neutrons ejected from Bi 

by 17 Mev bremsstrahll.mg. 

The major problems have been concerned with a) avoiding the effects of the intense beam 

of scattered X rays, b) trying to extend the useful range of the apparatus to neutron energies lower 

than 0.7 Mev, and c) obtaining the best possible time resolution consistent with maintaining neutron 

counting rates of the order of one per second. 

Some of the X ray pulses in the scintillating plastic neutron detector represent as many 

as a few thousand photoelectrons at the cathodes of the three detector photomultipliers, and oc-
' . '' 

casionally some of these produce small pulses more than 100 mpsec· after the main pulse,.·The 

flight times of the higher energy neutrons over the 7 -meter flight path are only about 'i20 mJ.Lsec 

longer than X-ra_y flight times. To reduce the X ray effects, the first and third ph9tomultip,lier 

dynodes are biased until 80 mJ.Lsec after the arrival t~me of scattered X rays. The bremsstrahlung 

beam passes through a counter just before it strikes the neutron producing target. The pulse from 

this counter serves as a time reference in the measurement of flight times and also originates the 

gate which operates the detector photomultipliers. 

A 0.5-Mev recoil proton is represented by only 8 photoelectrons at the detector cathodes, 

and to count 0.5 -Mev neutrons with good efficiency it is necessary to operate the time -height con

verter with only 2 or 3 photoelectrons in the presence of considerable noise. Some noise is caused 

by aftereffects of the X-ray pulses in addition to the usual photomultiplier noise. A single photo

electron in either of two paralleled photomultipliers in coincidence ( 10 -s second resolving time) 

with a single electron in the third tube is now sufficient to drive the time -height converle:r. Neu -· 

trons from Bi of 0.5 Mev have been counted above noise. 

The neutron velocity resolving power is determined mainly by the time width of the hrems

strahlung beam. A beam 3 mJ.Lsec wide has been obtained, but a 5.5 mJ.Lsec beam is ordinarily used 

for reasons of stability and counting rate. The timing jitter of the time reference pulse is about 

0.3 mJ.Lsec over a range of a factor of four in beam intensity, and a 0;5-Mev proton recoil is timed 

later, relative. to a several-Mev recoil by 3 mJ.Lsec. The time-height converter is stable to within 

1 mJ.Lsec over a 72-hour period and the associated multichannel analyzer is stable to 1 part in 256 

over a similar period. 
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About 5 neutrons per second are counted from 200 grams of Bi excited by the available 

17 Mev bremsstrahlung beam intensity. The Bi is 10 inches from the bremsstrahlung source. 

Below 2 Mev the Bi neutron spectrum roughly resembles a boiling spectrum. There are about 

1/5 as many neutrons per Mev at 4.5 Mev as there are at 2.5 Mev, and the spectrum is down by 

about another factor of 5 at 6.5 Mev. 

II. 10- SCATTERING 

The analysis of the high-energy K+meson's"' 150 Mev scattering hasbeen nearly com

pleted. The mean free path for inelastic scattering is 67 ± 12 ems. in emulsi~n, c~ompared with 

a value of 95 ± 15 ems. at about 50 Mev. (G. Fazio, D. M. Ritson, and R. A. Schluter) 

III. LONG-LIVED NEUTRAL STRANGE PARTICLES 

A new exposure was made to a "neutral" beam at 75° to the external proton beam inci

dent on a copper target at distances of ten and six feet. About 15 ccs. have been scanned and the 

number of .A0 per cc (formed presumably from charge exchange) is still small and could be zero. 

(G. Fazio, D. M. Ritson, and R. A. Schluter) 

IV. HYPERON STuDY 

The pulsed magnet apparatus for the }: - hyperon program, described in previous 

Laboratory for Nuclear Science Progress Reports! was prepared for operation at Brookhaven in a 

run scheduled for January 29, 1957. However, necessary repairs to the Cosmotron have forced a 

delay of several months. In the interim, the apparatus is being operated and various improvements 

made. 

In particular, 

A. The condenser bank will be expanded by a factor of 2. The new capacitors had 

been used with the M.I.T. Cloud Chamber at Brookhaven and are to be mounted in a protective 

frame on wheels and connected so as to permit operation either at 4800J.Lf, 600 volts or 9600J.Lf, 

3000 volts; the former for possible future use with the large M.I.T. Cloud Chamber, the latter for 

pulsed magnet use. 

B. ·A new gap firing method making use of injected ions showing promise of providing 

more consistent switching than the low voltage three electrode gap is under developm~nt. A pre

liminary version of this has been successfully operated. 

·c. The field dependence on space and time for various coils is being measured. The 

coils intended for the January Brookhaven run give a peak field of 180,000-190,000 gauss with a period 
of 7 milliseconds. (G. Fazio, R. A. Schluter, and B. Ursin) 
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V. SPIN OF THE T+ MESON 

The T+-meson decay data obtained some time ago2 were analyzed in terms of the center of 

mass angles following the suggestions of Dalitz. It was realized recently that if the T+ meson de

cayed by a 1 + mode, a more appropriate analysis would be in terms of laboratory angles .. If the T 

had other than spin -0 and were aligned along its direction of motion c;>r along an axis perpendicular 

to the plane of production, the 11would be emitted anisotropically in the laboratory. The accom

panying figure, 5.1, shows the result of such an analysis; our data have been combined with the 

pUblished data of Orear, Har~is, and Taylor3. In the figure, if aT has spin-0 or is not a.ligned, 

the distribution should be isotropic (i.e., lie on a horizontal line). This sample of data appears 

to be anisotropic. However, as can be seen by the indicated standard errors, the anisotropy of 

this sample may be a statistical fluctuation. Furt;her data exist in other labor-atories and we have 

"informed them of our results and hppe that similar analyses will be made of their data. To date 

we have obtained ·the unpublished data of Haddock et ·al4 from Berkeley. A similar analysis of their 

T decay gives an isotropic distribution. Further data are required before any definite conclusions 

can be reached. 
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We are also interested in the possibility that there is an asymmetry (as distinguished 

from anisotropy) i.n the emission of the 1r-. (D. M. Ritson, and A. Wattenberg) 

VI. POLARIZATION OF PROTONS FROM 1r-P SCATTERING 

Based on the results of a preliminary run on June 17-18, 1956, with 250-Mev 7r-'s at the 

Brookhaven Cosmotron, the final experimental arrangement has been designed and its assembly 

completed. However, on the day preceding the scheduled run the Brookhaven Cosmotron suffered 

its breakdown. In the meanwhile, in preparation for resumption of Brookhaven activities, a number 

of exposures have been and are being made to the polarized proton beam produced at the Harvard 

Cyclotron. These exposures will be used to check and calibrate the technique for observing pro-

ton poiarization by asymmetry in the scattering of nuclear emulsions. (B. T. Feld, and B. Maglich) 
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I. ROCKEFELLER GENERATOR PULSED SYSTEM 

In the construction of tlie pulsed .system, progress has been made along the following 

lines. 

A. Terminal Head 

The design of the new terminal head has been finally completed after the preliminary design 

studies outlined in previous progress reports. Actual construction of the head is under way. 

B. Electronic Detecting and Analysing Equipment 

The apparatus for particle detection and time-of-flight analysis is under construction. 

Photomultiplier detectors with associated amplifiers and stabilized high voltage supplies 

are being built and assembled into units. 

C. Time-of-Flight Analysis 

A circuit has been designed and built to measure the time interval between two pulses 

(each of a 2 - 3 mJ..L sec width) in the range of 10 mJ..L sees to 120 mJ..L sees. 

The principle of the circuit is briefly as follows. On the arrival of the first pulse (called 

the start pulse ) a condenser is charged to a constant potential and the charge held there. On the 

arrival of the second pulse (called the stop pulse) the condenser is discharged. Thus a "stretched" 

pulse of constant potential is formed on the condenser of duration equal to the time interval be

tween the start and stop pulses. This stretched pulse is applied to the grid of a "switching" tube 

which passes a constant current during the duration of the pulse. The current is integrated and 

converted to a voltage which is therefore proportional to the time interval between the start and 

stop pulses. The magnitude of the voltage pulse can be measured by a conventional voltage pulse 

analyser. 

The relation between output voltage and time interval has been found linear between 15 

mJ..L sees and 120 mJ..L sees using stop and start pulses generated by a fast mercury switch pulser. 

The circuit will be tested .with actual pulses from the photomultiplier detecting system: 

( L. E. Beghian, and M. K. Salomaa) 
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II. THE DETER.l'viiNATION OF g-FACTORS OF LOW-LYING 
EXCITED STATES OF NUCLEI 

The gyromagneticratio of the 123-kev rotational 2+-state in Sm152 has bee~ measured 

to be g = .34 ± .OS . The experiment was a precession type as shown below. 

Liquid Target 

2.1 Mev 
Pole Tip 

H j_ to paper 

The 2.1-Mev protons from the Rockefeller Generator coulomb excite Sm152 in a Sm152(N03h 
liquid environment. The de -excitation gamma radiation has the measured angular distribution: 

W(8) 

. where 

~ = .188 .± .08' 

This compares with a theoretical value of ~ = .199 calculated from the theory of Alder and 

Winther!, and uses the multiple scattering conne~o:.Liun of Stelson and McGowan2. 

The ratio R' of the counting rates of the two gamma counters 1 and 2 was measured for 

field up Ht ~nd field H~. (H ~ 16,000 gauss and R = ~:~~!~ .) 
R ~ 1 + 6~ overall 6 lib + ,6A2y6 Bp, 

. (1) (2) 

where ( 1) is the effect of proton turning in the fringe field of the magnet and ( 2) is the precession 

term. 

(1) ~- 6% (2) ~ 5% 

( ~ overall is the experimental angular distribution which includes background.) 
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where Tis the mean life~ 1.98 w- 9 seconds.3 1-'N is the nuclear magneton. 

The investigation of the g-factors of 2+ states of even-even nuclei in the region Nd toW 

can now be carried out. ( R. P. Scharenberg, and G. Goldring) 
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I. INTRODUCTION 

In this past quarter, we have studied the level schemes of a number of nuclei, the prin

cipal effort being concentrated on medium -weight nuclei. The present status of the various re

searches in progress is outlined in the following sections. 

II. EXCITED STATESIN'Mn55 AND Cr52 

Our present program for the study of inelastic scattering of protons by ~55 has been 

completed. The inelastically scattered proton groups were observed at angles of SO, 90, and 130 

degrees with respect to the incident beam. Bombardments were made with proton energies of 6.5 

and· 7.0 Mev. Accurate measurements have been made of forty-four proton groups, corresponding 

·to excited states in Mn55 up to 3.9 Mev in excitation.· Previous work in other laboratories has in

dicated only about fifteen excited states. The energies of the first six levels are 0.127, 0.983, 

1.293, l.S31, 1.888, and 2.202 Mev. The presently assigned experimental errors on these excita

tion energies are all ± 0.008 Mev. 

Six alpha-particle groups were observed during the proton scattering experiments· on 

manganese. If these groups arise from the Mn55 (p, a )Cr52 reaction and if the highest energy group 

corresponds to the formation of Cr52 in its ground state, the Q-value for the ground-state transition 

is 2.S68 ± 0.008 Mev. The remaining five groups would then be associated with the formation of 

Cr52 in excited states at 1.432, 2.368, 2.646, 2.764, and 2.962 Mev. In order to check these assign

ments, two long bombardrrients of a natural chromium target were ~ade with 6.S-Mev protons. 

Natural chromium is 83.7 percent crs2. If the highest energy alpha-particle group is. associated 

with the transition to the ground state of Cr52
, then the excitation energies calculated from the 

remaining alpha groups should correspond with those calculated from inelastic proton scattering 

from the chromium target. The first of the proton scattering experiments was made at 90 degrees . 

to the beam and gave proton groups with energies corresponding to the formation of C~2 in excited 

states at 1.432, 2.368, 2.646, 2.764, 2.962, and 3.1S9 Mev. From these results, there appears no 

question that the alpha-particle groups were correctly assigned. An.additional exposure made at 

SO degrees is now being analyzed as an additional check on the excitation energies in C~2 • In the 

90-degree exposure, additional proton groups were observed which, if associated with Cr52
, cor

responded to excitation energies of 2.929, 3.413, and 3.469 Mev. The intensities of these groups 

were quite low compared with those which have 'been identifiedwith Cr52 and could quite possibly be 

due to one of the other chromium isotopes since natural chromium contains 4.4 percent Cr50 , 9.5 
/ 
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percent of Cr53
, and 2.4 percent of Cr54 • (M .. Mazari and· A. Sperduto) 

III. Mn55( d, p )Mnss 

This reaction was studied in the laboratory by Green and Smith, and their results were · 

reported in the ~y 195? Annual Progress Report of the Laboratory for Nuclear Science. This 

work shows that the level scheme of Mn56 was quite complicated with over 100 levels in the region 

investigated. A large number of the observed proton groups were of low intensity, and in order to 
. . : . . 

remove possible uncertainties about their assignments, a recent long exposure has been made. 

The analysis of the new data is now in progress. (M. Mazari) 

. This reaction has been studied at fourteen reaction angles from 10 to 130 degrees and 

with an input ene.rgy Ed= 6.0 Mev. The target was natural KI (6.8 percent K_"l1 ) on Formvar. A 
. . . . . . 

large number _of proton group's we~e observed. Tentative information about ten relatively intense 

gr.O!lPS that can be assigned to~ is given bel~w. The·orbital angular momenta .Qn of the captured 

neutrons ,have been found by strippil1g analysis of the angular distribution data: 

{. Q (Mev) 5.566 5.539 4.773 4.681 

Max. counts 143 1~4 105 197 

( Q (Mev) 3.524 3.502 3.468 . 2.945 2.903 2.825 

Max. counts 4300 4000 3000 1150 so 120 

The Q -values for the first four groups are in good agreement with previous measurements 

by Buechner et all. The spin assignments previously2 given for these four groups appear to l;le in 

accord.£!-nce with the relative intensities (maximum counts) given above. (H. Enge and D.J Weaner) 

.. 

V. Co59 ( d, p )Co60 

The work mentioned in previous Progress Reports has been continued ami exposures have 

now been made, using a deuteron energy of 6. Mev, at various angles from 5 to 110 degrees. The 
' . . . . . . 

determination of the Q -values for the groups and the Butler stripping calculations are in progress. 

The data thus far indic<~;te that most 9f the levels are a mixture of 1! = 1 and. 1! = 3. (C. Angleman 

and D. Jarrell) 
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The analysis of the angular distribution data from this reaction is being continued with 

particular emphasis on the dat<:!- for the higher excited states. (J. Taylor and H. Enge) 

VII. ENERGY LEVELS OF THE IRON ISOTOPES 

The analysis of the proton spectra observed' from proton and deuteron bombardments o~ 

various iron targets is being continued. These targets were prepared from isotopically enriched 

material obtained from Oak Ridge. Such enriched targets of each of the four stable iron isotopes 

have been bombarded with both protons and deuterons, and in each case the proton spectra were 

observed at at least two different angles with respect to the incident beam. The spectra from the 

( d, p) reactions have been particularly complicated because of the presence of small amounts of 

the less abundant isotopes in each of the targets .bombarded. We have now completed an analysis 

of the data obtained at an angle of 30 degrees with a bombarding energy of 6.54 Mev for each of the.· 

four isotopes. More than 500 proton groups from iron have been found with relative intensity vari

ations of a factor of several thousand. The analysis of another set of data taken at 10 degrees to 

the incident beam with a deuteron energy of 7.0 Mev is now in progress. When this analysis· is 

completed, it is expected that final assignments of the various groups to the responsible isotopes 

can be made. The combined results from the (p, p').and the (d, p) reactions will then give the 
~ ~ ~ ~ ~ ~ energy-level scheme for Fe , Fe , Fe , Fe , Fe , and Fe . (A. Sperduto, E. Loh, and 

W. W. Buechner) 

VIII. THE EXCiTED STATES OF Co59 and Fe 56 

ThP. Analysis of the charg~u-parricle gro~ps observed from the bombardment of Co59 with. 

protons has been completed. From a series of bombardments made with different targets with 

6.5- and 6.7-Mev incident protons, at angles of observation of 50 and 90 degrees, forty inelastically 

scattered proton groups have been associated with the f,prmation of Co59 in excited states between 

the ground state and 3.7 Mev. The first six levels are at i.097, 1.189, 1.289, J.432, 1.458, imd · 

1.479 Mev. Only the states at 1.097 and 1.289 had been previously reported. 

Seven alpha-particle groups were observed in these experiments. The identification of 

these groups was facilitated by the results previously obtained from inelastic proton scattering on 

iron. (See Section VII.) These seven alpha-particle groups all arise from the Co59 (p, a)Fe56 

reaction. The highest energy group, associated with the ground-state transition, has a Q-value of 

3.242 :1: 0.008 Me~. The remaining s~x groups are associated with excited stat~s in Fe56 at 0.844, 

2.085, 2.661, 2.964, 3.127, and 3.379 Mev. These values are in excellent agreement with the re

sults from the Fe56(p,p') reaction. '(M. Mazari and A. Sperduto)· 
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IX. INELASTIC SCATTERING FROM SILVER 

The investigation of the proton groups inelastically scattered from silver targets is being 

continued. Additional bombardments of thin targets made from enriched silver isotopes (Af!!07 , 

88.9 percent and Afi09
, 92.2 percent) have recently been made with 7 .0-Mev incident protons. 

From the relative intensities observed in these exposures, it appears that, of the four proton 

groups we previously reported (November 1956 Progress Report) as corresponding to levels in 

silver at 0.69, 0.79, 0.86, and 0.95 Mev, two, the 0.79, and 0.95 Mev groups, probably arise from 

Ag.o7, and the remaining two are probably associated with Af!!09 • Other bombardments at different 

angles of observation are planned so that"definite assignments of the individual groups to the re

sponsjble isotopes can be made and the Q-values accurately determined. (A. Sperduto and 

M. Mazari) 

X. ( d, p) REACTIONS FROM SILVER 

A study of the ( d, p) reactions of the two stable silver isotopes is being undertaken. A 

preliminary bombardment of a natural silver target ( 51.4 percent Af!!07 , 48.6 percent Ag1° 9 ) with·. 

6.5-Mev d~uterons has been made!- the angle of observation being 90 degrees. A number of proton 

groups, which are presumed to arise from silver, have been observed. Very recently·two-addi

tional bombardments have been made, using an angle' of observation of 20 degrees, and targets 

made from the isotopically enriched materials used in the inelastic. proton scattering measure

ments (see previous section). The plates exposed are now being counted. (M. Mazari,) 

XI. ENERGY LEVELS OF THE COPPER ISOTOPES 

.An investigation of the energy levels of Cu63 , Cu64, Cu65, and Cu66 has been started. This 

involves studies of the proton groups that result from the proton and deuteron bombardment of the 

two stable copper isotope.s (Cu63 and Culi5) .. An exploratory bombardment of natural copper targets 

( 69 percent Cu63 and 31 percent Cu65
) with 6.5-Mev protons has been made in order to obtain pre-

• liminary measurements on the level scheme. · The scanning of the exposed nuclear -track plates is 

not yet completed. We are now in the process of preparing thin targets from isotopically enriched 

copper samples. ( M. Mazari, R. de Figueiredo, and A. Sperduto) 

XII. EXCITED STATES OF Ni58 AND Ni60 

Since the last L.N.S. Progress Report, additional information has been obtained on the 

excited states of these two isotopes. From studies on the inelastically scattered proton groups 

from natural nickel, as well as from nickel-oxide targets enriched in Ni58
, the following energy 

r· c:-~o 
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levels have been established as due to Ni58 : 1.452, 2.458, 2.772, 2.899, 2.939, 3.035, 3.260, 

3.418, 3.528, 3.592, 3.630, 3.776, 3.898, and 4.106 Mev. All these excitation energies have an 

error of-± 5 kev. 

Similar studies have been carried out from natural nickel targets and from targets en

riched in Ni60 . From these studies, the following levels have been established in Ni60 
: 1.333, 

2.159, 2.285, · 2.504, 2.624, 3.120, 3.184, 3.191, 3.268, 3.316, 3.391, 3.587, and 3.670 Mev, all 

with an error of± 5 kev. The following levels have also been assigned to Ni60 ,··although the· meas

urements are not yet sufficiently precise to give final Q-values: 3.62, 3.73, 3.87, 3.89, 3.93, 

4.01, 4.04, and 4.08 Mev. (C. H. Paris) 

XIII. EXCITED STATES OF p&l AND S33 

The proton and alpha -particle groups resulting from the deuteron bombardment of thin 

S~S3 targets have been studied at angles of observation of 90 and 130 degrees and at a deute.ron 

energy of 6.55 Mev. The Q-value of the S32 ( d, a )p30 reaction is 4.89 Mev, and levels in p'30 are 

observed at (0.69), 0.71, 1.45, 1.97, 2.53, 2.72, 2.84, 2.94, 3.02, 3.73, 3.84, 3.93, 4.15, (4.19), 

4.24, 4.31, and 4.39 Mev. The group leading to the level at 0.69 Mev had an intensity at 90 degrees 

' ~ .. 
.. ; 

•'·' 

of 10 percent of the grouprleading to the 0.71-Mev level, while the intensity at 130 degree-s was less ;: - . 

than 3 percent. The intensities of groups leading to the 2.94- and 4.19-Mev levels were about 30 

percent of the average intensity of the other groups. The low intensity of the group leading to the 

level at 0.69 Mev can be explained by assuming that this level is the expected low-lying T = 1 level 

in p30. 

The Q-value of the S32 (d, p )S33 reaction is 6.41 Mev. Fifty-eight proton groups were ob

served leading to S33 levels up to an excitation energy of 6.9 Mev. The levels up to 4.75 Mev can 

be compared to those found in earlier work on the Cl35 ( d, a )S33 reaction. No level is observed at 

3.36 Mev, while new levels are found a~ 4.38, 4.44, and 4.73 Mev. (C. H. Paris, M.I.T., in col

la,boration with C. Vander leun and P. M. Endt, University of Utrecht, The Netherlands) 

XIV. SPECTROGRAPH FOR ANGULAR -DISTRJBUTION MEASUREMENTS 

Considerable design work has been done on the toroidal type magnetic spectrograph for 

angular..:.distribution measurements. Twenty-two gaps will be provided in the magnetic circuit 

with provisions for placing track plates behind .. each so that when desired a complete angular dis

tribution can be simultaneously recorded. The entire analyzer will be mounted inside a vacuum tank 

but will be mounted in such a way as to be mechanically independent of the tank itself. The design 

is such that the entire analyzer can be translated both horizontally and vertically and can be con

veniently rotated about a vertical axis. The detailed design of the various individual parts is now 

in progress. (H. Enge, M. Mazari, W. W. Buechner, A. Sperduto, and G. H. Paris) 
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XV. SCA TIERING MASS ANALYSIS 

Work on developing the techniques of mass analysis by elastic scattering process and nuclear 

reactions has continued, in part supported by a contract with the Office of Ordnance Research. 

In the past quarter, an exposure has been made on a titanium sample with 3-Mev deuterons 

in order to study the surface contamination of hydrogen through the H( d, p )D reaction. No conclu

sions can be made from this run as yet, except that the method appears to be sensitive and the 

technique straightforward. 

One exposure has been made on a steel sample, also with 3 -Mev deuterons. The object 

was to study the surface contaminations of boron, carbon, nitrogen, and oxygen through ( d, p) re

actions. The plates are being counted. 

Several attempts have been made towards making on a thin backing a target of hemoglobin 

from human blood in order to study its content of higher elements, such as iron, relative to the 

carbon content. The attempts so far have been unsuccessful, because hemoglobin appears to react 

with the elements in the backing; and breaks it down. (H. Enge, C. H. Paris, A. A. O'Dell, 

H. Hennecke, ]. Winter, and W. W. Buechner) 
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1.· SELF-ABSORITION IN DISTRIBUTED GAMMA-RAY SOURCES 

An important prerequisite in the study of bremsstrahlung is a thorough understanding of 

the self-absorption of gamma rays. Self-absorption is also important in precise work with :y-ray 

standards and in ore surveys. Becaus_e c;>f the complicated nature of .a theoretical approach to this 

problem,. a semiempirical investigation has been undertaken. 

A wire source of Co60 ("1.25"-Mev :y ray) was surrounded by Aland Pb cylindrical absorb

ers. The effective attenuation coefficient was found to be 1J. .~ IJ.a = T + K + a a. Since this result 

is consistent with the expected value for cylindrical symmetry and the efficiency of the counter 

(copper screen GM tube with 1/4 inch Al filter), it was accepted. 

Cylindrical shell sources'·of CcftO ano Cs137 (0.66-Mev :y ray) solutions were prepa:red .. 

Again the effective attenuation coefficient for absorbers surrounding the source .was found to equal 

the absorpti9n ~oefficiertt, both with and without additional absorber .Placed inside the cylindrical . 

shell. However, the change in counting rate when an absorber is placed inside the cylindrical shell 

corresponds to an·effective attenuation coefficient 1J. < lla· This indicates that considerable radia

tion from the near side of·the source is scattered into the detector, increasing the counting rate. 

To separate the scattering .from the. absorption, half-cylindrical-shell sources of Co60 

and Cs137 were prepared. Measurements with these sources showed that ~adiation from the back 

half of the cylindrical shell was attenuated with 1J. = .IJ.a. The ratio of scattered to direct radiation 

from the front half was found to be (8 ± 1) deus(90°)/drlNR where R is the radius of the scatterer, 

N is the number of electrons per cubic centimeter of the scatterer, and deus(90°)/dfl the differen

tial scattering cross section per electron at 90°. The use of the sea~!!~ cross section takP.s 

into account tlte energy response of the counter. 

A solid cylindrical source can now be· treated as a sum of many cylindrical shells. The 

result of such an integration ·is: 

N l _ 4 + 1r R + ~ deus(90°) NRT 
N0 = ~a 3 · dfl + .. · (1) 

where N/N0 is the ratio of counting rates with and without self-absorption, and Tis some trans

mission coefficient to indicate how much of the.back-scattered radiation gets out of the scatterer. 

The second order term is of the order of +0.41J.~R2 • · 

The self-absorption expression derived in Evans and Evansl, is 

.!i_ 1 8 
llR + 

g2R2 
= ·- -2-+ 

No 37r 
(2) . 
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where 11. is tJ.a plus some fraction of CTs .(0.2 to 0.4) depending on experimental conditions. The 

similarities and differences between formulas ( 1) and ( 2) are apparent. 

Anattempthas been madeto apply Eq.(1}to measurements made by R.D.Evans on vials con

taining known amounts of Ra mixed with various carbonates. The measurements were made with 

1/16", 3/8", br 3/4" Pb _filtration in addition to 1/4" Al. The calculations w~re made for the full 

Ra spectrum (thirteen y rays) weighted by the intensity transmitted through the appropriate Pb 

filter. Because of the strong absorption of the soft backscattered radiation, the scattering term in 

Eq. (1) is negligible for 3/8" Pb or more. The preferential absorption of soft radiation in the lead 

mter essentially changes the energy response of the detector so that the total scattered energy is 

not detected. So tl.a in Eq. ( 1) must be replaced by ti.a + fCTs where f depends on the Ph filtration. 

At present the results are as follows: 

Pb filtration 

Value of f used 

Observed self-absorption 
Self-absorptio? calculated by Eq. (1) 

1/16" 

0.15 

0.9 

3/8" 

0.3 

1.0 

3/4" 

0.4 

1.2 

Further measurements and calculations are in progress to understand more fully these 

results. The possible use of digital computer calculations to approach the problem is also being 

investigated. (J. L. Bear) 

II. RADIOACTIVE DECAY SCHEJVIES 

Experiments on the 0.85-Mev y ray in the decay of Co6° (10.5 min) have been completed. 

The abundance of this transition is 2.4 ± 0.8 X 10-2 of the 1.33-Mev y ray, or about 7 X 10-5 of all 

the disintegrations. We are continuing preparation for experiments on the o+- o+ transition in 

RaC'. 

The small-shaped-field B-ray spectrometer is substantially finished. (R. Bauer) 

III. ORIENTED NUCLEI 

In cooperation with Dr. Whitney of the Research Laboratory for Electronics, a cryostat 

and adiabatic d~magnetization apparatus are being set up. (R. Bauer) 

IV. POSITRONIUM 

Measurements of the lifetimes of positrons in various gases are being taken. At the present 

time, the behavior of positrons in freon with small admixtures of nitric oxide is being studied 
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carefully. The nitric oxide quenching rate is found to be roughly the same as reported by Dulit2; 

the quenching rate is ~- 0.7 x 10
7 

sec -
1 

at a pressure of 10-3 atm of nitric oxide. In addition, 

it is found that small quantities of NO (~ 0.1 percent) enhance the formation of positronium in freon 

by about 20 to 30 percent. The annihilation rate of free positrons in freon was measured to be 

3 x 107 sec -1 at a freon pressure of 0.3 atm. 

This work will be continued with freon and argon and admixtures of chlorine and oxygen. 

(B. Gittelman) 
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I. ELASTIC PRPTON SCATTERING STUDIES 

A. Angular Distribution 

An analysis has essentially been completed of the angular distribution data of W. F. 

Waldorf which appeared in the September 1956 Laboratory for Nuclear Science Progress Report·. 

The net result of this analysis is to attribute the differences between adjacent elements such as 

Cu and Ni to a different compound-elastic contribution. This difference comes about because of 

tlle fewer levels in the case of the even-Z elements. (N. S. Wall) 

B. Polarization 

The helium analyzer described in the previous progress report did not prove to be entirely 

satisfactory as a tool for investigating spin dependent interactions in elastic scattering. It did, 

however, lead us to believe that such an ~nteraction l.s present when protons are elastically scat

tered from copper. Accordingly, a new analyzer has been constructed using a copper target in 

place of helium. This new analyzer is now being perfected. With it, we expect to determine the 

magnitude o{the polarization. The sign has already been established with the helium analyzer. 

(C. W. Darden III, and N. S. Wall) 

II. ALPHA-PARTICLE INDUCED REACTIONS 

The study of (a, p) reactions described in the November 1956 L.N .S. Progress Report has 

been continued. Preliminary results on the angular distribution of ground-state protons fr~m the 

~eaction B10 (a, p)C 1~ at....., 30.5-Mev incident energy from 440 to 1670 (c.m.) indicate that in the 

observed range, .the dis.tribution is primarily forward: the differential cross section at 44° is ap

proximately three times that at 118°. The target employed for this study was prepared from 97 

percent enriched B10 supplied by the Stable Isotopes Division of.the Oak Ridge National Laboratory. 

(C. E. Hunting) 

III. STRIPPING REACTIONS 

The study.of the proton angular distributions from B10 ( d, p )B11 described in quarterly re

port for November 1956 was continued. The lin value for the first excited state of B11 was found to 

be 2. 
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The proton angular distributions from Sr88(d, p)Sr89 were also s.tudied. For the ground 

state of Sr89 the 11n value was found to be 2. The angular distribution for the above state showed 

essentially the same characteristics as that of ¥'9 
( d, p) "f0 obtained by Wa111 . The target used 

for this study contained 99.6 percent Sr88 • 

W~ are now undertaking a study of the Sr87 (~, p )Sr88 ground-state reactions which should. 

be an 11n =. 4 reaction . .To the best of .our knowledge no such distribution has as yet been definitely 
. • .. !!, . ' 

observed. (K. S. Lee, N. S. Wall,_ and.~. W. Swenson) 

. ·~ . - .. 

IV. NEUTRON TIME-OF-FLIGHT 

Fast coincidence circuitry has been built for the purpose of measuring neutron time -of

flight using the M.I.T. cyclotron .. Two schemes have been trit:d to-date using a 6218 beam deflec

tion tube, and secondly, a 6BN6 coincidence circuit. 

An attempt was made to measure the beam bunch spread by using the 6218 with one signal 

derived from the R.F. oscillator using capacitive pickup from the oscillator itself. The second 

signal was obtained from deuterons elastically scattered from a gold foil. It was found that the 

coincidence counting rate was not only a function of delay line length as it should be, but also a· 

rather strong.function of cyclotron magnet current, i.e., distance from resonance. 

The second method tried incorporated a 6BN6 and a second scintillating crystal in place 

of the R.F. ·pickup. This crystal accepted pulses from about half of all R.F. cycles with capabilities 

of going to even higher efficiencies. Again it was found that the coincidence counting rate was a 

strong function o£ the distance of the magnetic field from its resonance position. 

The 6218 trouble was thought to be due to a shifting in phase between the R.F. arid the 

bunch arrival time with detuning of the magnet. For this reason the second scheme was under

taken. 'fhe effect seen using.the 6BN6 is thus probably due to actual shape changes within the 

bunches as a function of distance from resonance. (P. R. Klein) 

REFERENCES 

1. N. S. Wall, Phys. Rev. 96, 670 (1954). 

M. S. Livingston 

438 C5'7 



Synchrotron Group 

I. OPERATION AND MAINTENANCE 

The Van de Graaff injector was installed into the synchrotron and a betatron beam was 

obtained. The beam was relatively weak, probably less than 106 electrons per pulse. This beam 

was obtained by injecting a very short burst of electrons from the Van de Graaff ("" lO-B sees) to 

enable us to track the beam turn by turn. We found that the injected beam was being bent too far 

by fringing fields thus reducing our injection efficiency. We have now compensated for this with 

magnetic shielding. The present program includes obtaining a synchrotron beam and trying vari

ous pulsed field systems to improve the injection efficiency. (W. Lobar, P. D. Luckey, 

L. S. Osborne, and C. J. Strumski) 

II. DIFFERENTIAL CERENKOV COUNTER 

We· are building a differential Cerenkov counter. The ultimate system we plan to build 

consists of a Schmidt optical system which focusses the cone of light from particles of unique ve

locity into a circle with very good resolution. At present we plan to use a simple spherical lens. 

The radiator itself will consist of a material whose density and index of refraction we can vary 

continuously. This requires a substance running above its critical point for maximum variability. 

At present we are planning to use a Flu oro -carbon ( FC -78, Minnesota Mining and Manufacturing 

Co.) which has a critical point at 2200C and 15 atmospl:leres. (C. Burrowes, D. 0. Caldwell, 

F. Genovese, S. Hamilton, P. D. Luckey, and L. S. Osborne) 

III. NEUTRAL MESON PHOTOPRODUCTION NEAR THRESHOLD 

We plan to repeat an experiment, performed quickly a year and a half ago, where. the nD. 
photoproduction was·measured by detecting a single decay gamma-ray and varying the synchrotron· 

energy. This experiment requires a counter which can measure the photon energy. We are plan

ning to acquire a large Nai crystal for this purpose. The instrumentation for this experiment is 

being prepared. ( L. S. Osborne, and J. J. Russell) 

IV. CHARGED PARTICLE EXPERIMENTS 

We are building a set of magnetic deflectors and lenses to bring a beam of,charged par

ticles formed by photons into the. e~perimental areas. We have various provisional experiments 
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scheduled for this beam; however, the final possibilities will await the final intensity achieved by 

our new injection schemes. 

V. ONE QUANTUM ANNIHILATION OF POSITRONS 

Theoretical work
1

'
2 

on the process of one quantum annihilation of a positron -electron 

pair in the field of a nucleus has resulted in detailed predictions of the dependence of the cross 

section on the energy of the positron and the Z of the target nucleus. The energy dependence is 

given by Heitler2. The cross section is found to vary as Z5 • Previous experimental work has re

sulted in evidence that the cross section varies with energy about as predicted in the region of 

0.5 Mev. 

An experiment is being set up to check the energy dependence in the region of 1 Mev and 

to check the 7!' dependence of the cross section. To this end a magnetic spectrograph with high 

collection efficiency ( 5%) and poor resolution ( 10%) has been designed and is being built. This 

will be housed in a two-foot ctiameter aluminum can. The size and material in the can are intended 

to lower the gamma-ray intensity at the detectors. 

The detection will be accomplished by observing a K X ray in coincidence with a gamma 

ray of the proper energy. A gamma ray and X ray detector are being built. The outputs of these 

counters are to be run through single channel differential discriminators gated by a coincidence 

circuit. The circuitry and detectors are being constructed. (W. Bowman, W. S. Saunders, and 

R. M. Weinstein) 

VI. STRONG-FOCUSING MAGNETIC LENS 

Further studies are underway of the characteristic::; uf lhe strong-focusing magnetic lenses 

built for experiments at the M.I. T. Synchrotron. The hysteresis loop of the iron is rather narrow. 

The focusing studies of trajectories through the magnet are now under investigation with the tech

nique of a fine wire which is under tension and carrying current. (M. Mintz, S. Ozaki, and 

A. Wattenberg) 

VII. LARGE NEUTRON COUNTER AND TIME-OF-FLIGHT WORK 

An electronic "read -out" system for use with the chronotron is being developed to avoid 

the arbitrariness found in interpreting previously obtained chronotron pictures. 

It has been found that a large neutron counter ( 24" diameter) does not give sufficient 

pulse height when it is operated with one 6199 photomultiplier. Tests arc underway trying to use 
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one (C7170) large photomultiplier with this counter. (R. H. Blieden, G. Davidson, D. M. Ritson, 

A. Wattenberg, and R. M. Weinstein) 

VIII. BUBBJ ,E CHAMBERS 

The propane chamber which measures 6" in diameter by 4-3/8" in depth was successfully 

operated. The measured lifetime was found to be 20 milliseconds and the chamber could recycle 

easily at twice per second. This, however, is not necessarily the upper limit, but rather repre

sents the limitation of our driving power soun.:e. 

The small bubble chamber ( 5" long by 1-1/8" in diameter) was successfully operated 

with a mixture of propane ( C3H8 ) and methylene iodide ( CH31). This was 30% methylene iodide by 

volume. It is now possible to dope propane with heavy material lo increase the density and Z2 of 

the bubble chamber liquid and still have hydrogen molecules in the liquid. 

Figure 10.1 

1r+' s stopping in the 6" propane bubble chamber. 
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'The chamber which is 9" in diameter by 6" in depth is now out of the shop and has been 

pressure tested. 

Plans are under consideration for a hydrogen chamber which would be 15" in diameter by 

10" in depth, to be constructed this summer and next fall. 

The first experiment has been undertaken by the bubble chamber group. The 6" propane 

chamber was taken to the University of Chicago. It was exposed there to the 82-Mev 1r+ beam from 

the synchrocyclotron. (See Figure 10.1 .) The purpose of the experiment was to examine in detail 

the Lee-Yang theory of the decay of the J.L meson. As is now well known, this decay does not con

serve parity. The results to date for the integrated spectrum for all energy electrons are: 

N = ·1- .18 (±.OS)cose 

This is based on 1188 events. 

This experiment will also look at those electrons whose energy is less than 10 Mev, and 

see if the predication of the Lee-Yang theory holds in this energy region. A report will be pre-

. sented on the preliminary results at the Washington meetings of the American Physkal Society. 

(A. Brenner, I. A. Pless, A. Tuchman, and R. Yamamoto) 
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I. THEORY OF THE NUCLEAR PHOTOEFFECT 

A paper was written by David Brink1 about the connection between the collective picture 

arid. the shell model picture of the photo-nuclear absorption. It turned out that the two descriptions 

are equivalent. A simple theory is evolved in which the width of the giant resonance can be directly 

derived from the general shape of the nuclear potential in the shell model. (D. Brink and 

V. F. Weisskopf) 

II. SCATTERING AND ABSORPTION OF NEUTRONS BY NUCLEI 

As mentioned in the Laboratory for Nuclear Science Qua.rterly Progress Report (Novem:

ber 30, 1956), we are looking for an average Saxon-type well which will give an overall fi~ to. the 

neutron scattering data. At present, various ·possible combinations of parameters are being elim

inated by comparison with sensitive parts of the experimental results;. in particular, the zero en-· 

ergy data and the p and d maxima in the total cross section. (H. Feshbach, C. E. Porter, and 

V. F. Weisskopf) 

III. A RELATION BETWEEN THE REAL AND THE IMAGINARY PART 
OF THE CLOUDY CRYSTAL BALL POTENTIAL 

It has been found possible to derive a relationof the dispersion type between the value of 

the real part of the potential at a given radius with the value of the energy integrated imaginary 

part of the potential for a given value of the radius. (V. F. Weisskopf and H. Feshbach) 

IV. STATISTICS IN NUCLEAR REACTIONS 

The effective fluctuations as well as averages for inelastic scattering are being examined. 

The Porter-Thomas distr_ibution is employed for the calculation, the general assumption being that 

the distributions for the various possible channels are mutually independent. It is found that it is 

necessary to calculate the dis.tribution function for the cross section, for the distribution turns· 

out to be rather broad. The effects, of course, are most important near the threshold for the 

inelastic process. So far only the total cross section has been co1;1sidered. We now plan, to look at 

the angular distribution and polarization phenomena. (H. Feshlxi.ch) 
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V. MULTIPLE MESON PRODUCTION 

Multiple meson production in a generalized Chew-Low approximation is considered. The 

approximation is made that only matrix elements in which the number of mesons changes by one 

are in the first approximation different from zero: A cross section for production of many mesons 

by a single incident meson is calculated from these matrix elements. ( N. Tarimer) 

VI. HIGH-ENERGY NUCLEON-NUCLEUS INTERACTION 

-B,igh -energy approximation for the angular distribution and total cross section of a mul

tiple scattered by a complex Gaussian (or combination of Gaussian wells which can be used t~ 

simulate a Saxon type well) has been found. This approximation is an improvement on the Moliere

Glauber result. It is now being applied to the. discussion of total nucleon-nucleu1::; cross sections in 

the 40-100 Mev range. Extension to the polarization situ-ation is under consideration. (J. Riese) 

VII. INVESTIGATION OF DISPERSION RELATIONS 

The consequences of dispersion relations for low -energy m~son -nucleon scattering and 

photomeson·production have been investigated. Two papers2, 3 on this have been submitted to The 

Physical Review. (F. E. Low) 

VIII. FURTHER INVESTIGAT.ION OF DISPERSION RELATIONS 

· Also, the effect of high-energy cross. sections (via dispersion integrals)_ on small phase 

shifts is being investigated to attempt to det~rmine the validity qf the static meson theory. 

(A. C. Finn and R. H. Kohler) 

IX. DEVIATIONS FROM CHARGE INDEPENDENCE 

The effect of violations of charge independence on the phase shift analysis of meson

nucl~on scattering is being investigated using the .static meson theory. (D. Greenberger) 

X. SOLUBLE RELATIVISTIC FIELD THEORY 

The self -coupled spinor field with an interaction density A.ijirpijirp· has been solved exactly. 

Observable quantities can be represented by ratios of Fredholm determinants which can be evaluated 
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explicitly. Although the renormalization constants are infinite, observables are finite after re

normalization and can be expanded in powers of A with a finite radius of convergence. 

(W. E. Thirring) 

XI. ON THE J.L-MESON DECAY AND THE TWO-COMPONENT NEUfRINO 

It has been suggested that nature takes advantage of the fact that th,e neutrino has mass 

zero and therefore describes it by a two-component wave function. This results in agreement with 

the observed violations of invariance under spatial reflection and charge conjugation. 

However, if the decay of the J.L .meson is limited to that in which a neutrino and anti-neutrino 
. . 

are emitted, the· energy spectrum of the electron seeins to be in disagreement with present experi

ments; (i.e. a Michel parameter of p = 3/4 is prediCted, whereas the observed result is 0.60 < p 

< 0.67 ). Furthermore, the theory predicts an integrated back/front asymmetry for electrons 

from 0 to 10 Mev of 0.77; whereas the recent experiment of Pless and Williams gives 0.97 ± 0.16. 

Because of this statistical error, there is as yet no actual disagreement here. Nevertheless, it 

does seem appropriate to attempt an adjustment of the theory. 

The approach that has been investigated is to allow for two additio~l decay modes, one 

involving the emission of two neutrinos and one involving the emission of two anti -neutri.D.os. The 

two-component theory of the neutrino i~ retained throughout. we note th~t such an addition no 

longer conserves the number of fermions. Since this would 'Iead.to double beta decay if applied to 

the reaction N - p + e + 11 , the universality of the beta decay reactions must be sacrificed. 

However, this appears to have been done by nature itself which permits 7l' - J.L + 11, but not 

7l' -e +II. 

The above additional decay modes permit' one to adjust theory with all present experiments, 

including the observed Michel parameter, and the high- and low-energy asymmetries. 

(M. H. Friedman) 

XII. INVESTIGATION OF THE BRUECHNER FORMALISM 

We have studied the many-body formalism used by Brueckner4, BetheS, and others in an 

attempt to obtain a simple derivation of their results which is at the same time free from some of 

the ambiguities which have plagued previous formulations. A deiivation has been obtained, using 

conventional forms of perturbation theory, which is in particular applicable to the case of a finite 

system. 

The result shows that a form can be obtained in which the lowest-order expression for the 

energy includes most of the energy due to pair correlations, in which the second-order contribu-. 

tions vanish, and in which the third-order contributions are minimized. Like the usual Hartree-Fock 
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scheme, all contributions from one-particle excitations vanish. The variational approach to this 

problem· appears- to be ambiguous and has not been used. Nevertheless, our results show that the 

Brueckner approach maintains all the characteristics of the Hartree-Fock method, and yet gives 

a more accurate estimate of the pair -correlation energy. ( L. S. Rodberg) 

XIII. NUCLEAR SEPARATION ENERGY 

· It follows from the saturation of nuclear matter that the average energy per particle, and 

the energy required to remove a particle from the nucleus, must be equal.· If one assumes an 

independent-particle model and only two-body forces, one can show that the latter quantity, the 

separation en~rgy, is closely related to the energy of the least-bound particle. Our study has 

shown, however, that it is not equal to this energy. 

When a particle is removed with the nucleus held at constant volume, its kinetic energy 

and its energy of interaction must be supplied. In addition, the removal of a particle affects the 

interaction of all other particles since there is an additional empty state into which they can go 

when they interact with each other (in a perturbation picture in which the mutual in~eractions pro

ceed thrcmgh virtual excitations ) . Since all particles are affected, the effect can be appreciable. 

Crude estimates show that this energy is of the order of 5-10 Mev. This energy is not "regained" 

in the final readjustment to the new volume since, due to the equilibrium condition, this readjust

ment energy is zero. ( L. S. Rodberg and V. F. Weisskopf) 
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Visitors 

Anderson, Prof. N. L. 
Suffolk University 
Boston, Mass. 

Kawassiades, Dr. K. Th. 
University of Salon1ka 
Salonika, Greece 

Winchester, Prof. J. W., Guest from: 
Department of Geology and Geophysics 
Massachusetts Institute of Technology 

.. .. 

I 

i'? 



.. 

.. 
·.~·· ••• 

t -· 

Nuclear Chemistry (Organic) Group 

Greene, Prof. F. D. II 
Sheehan, Prof. J. C. 
Swain, Prof. C. G. 
Kresge, Dr. A. J. 
Ladbury, Dr .. J. W. 
Powell, Dr. A. L. (Guest) 

Graduate Students 

Allen, Mrs. M. * 
Bader, R.F.W. 
Griffin, R. N. 
Pegues, Betty E. 
Zale, V. 
Zanet, P.M. 

Cosmic Ray Group 

Staff 

Rossi, Prof. B. B. 
Bridge, Dr. H. S. (On leave) 
Caldwell, Prof. D. 0. 
Clark, Prof. G. W. 
Kraushaar, Prof. W. L.. 
Linsley, Prof. J . 

. Olbert, Prof. S. 
Smit4, W. B. 
Williams, Praf .. R. W. · 

Graduate Students 

Boldt, E. A. 
Bradt, H. 
Brenner, A. 
Cline, T. L. 
D'Arcy, R. 
Earl, J. 
Pal, Y. 
Scherb, F. 
Strickland,· J. A. 

Visitors 

Hayakawa, S. 
Kyoto University 
Kyoto, Japan 

Hersil, J. 
Universidad Mayor de San Andres 
La Paz, Bolivia 

Palmeira, R. 

* Terminated 
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Personnel Listing 

Elementary Particle Scattering Group 

Demos, Dr. P. T. 
Feld, Prof. B. T. 
Fri(>ch, Prof. D. H. 
Wattenberg, Dr. A. 
Ritson, Dr. D. M. 
Sargent, Dr. C. r.· 
Schluter, Dr. R. A. 
Strumski, C. J. 

Graduate Students 

Bertozzi, w~ 
Paolini, F. 

Rockefeller Generator Group 

Deutsch, Prof. M. 
Buechner, Prof. W. W. 
Beghian, Dr. L. E. 
Goldring, Dr. G. B. 
Salomaa) M. K. 
Scharenberg, Dr. R. P. 

Graduate Students 

Kegel, H. 

Visitors 

Guernsey, Dr. Janet B. 
Wellesley College 
Wellesley, Mass. 

ONR Generator Group 

Staff 

Buechner, Prof. W. W. 
Van de Graaf~. Prof: R. J. 
Enge, Prof. H. A . 
Eppling, Dr. F. J. 
Mazari, M. 
Sperduto, A. 

Graduate Students 

Angleman, C. C., Lt. USN 
Jarrell, D. L., Lt. USN 
O'Dell, A. A. 
Piraino, D., Lt. USN 
Taylor,· J. A. 
Weaner, D. H. 



Personnel Listing 

Visitors. 

de Figueiredo, R. J. P. _ 
Atomic Energy Commission 
Lisbon, Portugal 

Paris, Dr. C. H. 
University of Utrecht 
Utrecht, Netherlands 

Radioactivity and Cyclotron Group 

Evans, Prof. R. D. 
Deutsch, Prof. M. 
Livingston, Prof. M. S. 
Backofen, Mrs. E. W. 
Brownell, Dr. G. L. 
Bulkley, J. B: 
Hine, Dr. G. J. 
Wall, Dr. N. S. 
White, E. F. 

Graduate Students 

Bauer, R. W. 
Bear, J. L. 
Darden, C. W. III 
Ferguson, J. M.* 
Gittelman, B. 
Harman, G. L. 
Hunting, C. E. 
Klein, P.R. 
Lee, K. S. 
Massa, R. J, 
McArthur, W. G. 
Swenson, L. W. 

Visitors 

Looney," Dr. W. B. 
National Institutes of Health 
Bethesda, Maryland 

Synchrotron Group 

Staff .--
Osborne, Dr. L. S. 
Feld, Prof. B. T. 
Frisch, Prof. D. H. 
Lobar, W. 
Luckey, Dr. P. D. 
Pless, Dr~ I. A. 
Ritson, Dr. D. M. 
Schluter, Dr. R. A .. 

*Terminated 
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Strumski, C. J. 
Wattenberg, Dr. A. 
Weinstein, Prof. R. M. 

Graduate Students 

Brown, R.N. 
Burrowes, H. C. 
Costa, G. 
Davidson, G. 
Ely,. R. 
Fazio, G. 
Hall, R. L. 
Hyman, L. G. 
Ladd, H. 0. 
Maglich, B. -
Morency, A. J. 
Ozaki, S. 
Russell, J. J. 
Tuchman, A. 
Wahlig, M.A. 

Theoretical Group 

Weisskopf, Prof. V. F. 
Feshbach, Prof. H. 
Brink, Dr. D, M. 
Friedman, Prof. F. L. 
Friedman, Prof. M. H. 
Kerman, Prof. A. K. 
Rodberg, Dr. L. S. 
Villars, Prof. F. M. H.· (On leave) 

Graduate Students 

Gomes, L. 
Greenberger, D. (Visiting Fellow) 
Sand:d, ·G. 
Stora, R. 
Walecka, D. 

Visitors 

Eyges, Dr. L. J. 
Lincoln Laboratory 
Lexington, Mass. 

Low, Prof. F. E. 
University of Illinois 
Urbana, Illinois 

Manneback, Prof. C. L. 
University of Louvain 
Louvain, Belgium 

Thirring, Prof. W. E. 
Universitat Bern 
Physikalisches Institut 
Bern, switzerland· 
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