
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 30 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Spectroscopy Letters
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597299

Chemistry in Lasers. XII. Energy Release Considerations with Special
Emphasis on Nuclear Fusion of Isotopic Boron Hydrides
Csaba P. Keszthelyiab

a Department of Chemistry, University of Colorado, Boulder, Colorado, U.S.A. b Chemistry
Department, Louisiana State University, Baton Rouge, LA., U.S.A.

To cite this Article Keszthelyi, Csaba P.(1978) 'Chemistry in Lasers. XII. Energy Release Considerations with Special
Emphasis on Nuclear Fusion of Isotopic Boron Hydrides', Spectroscopy Letters, 11: 3, 213 — 219
To link to this Article: DOI: 10.1080/00387017808067746
URL: http://dx.doi.org/10.1080/00387017808067746

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597299
http://dx.doi.org/10.1080/00387017808067746
http://www.informaworld.com/terms-and-conditions-of-access.pdf


SPECTROSCOPY LETTERS, 11(3), 213-219 (1978) 

CHEEIISTRY I N  L4SERS . X I I .  ENERGY RELEASE CONSIDERATIONS 

WITH SPECLlL 5XPHASIS ON NUCLEAR FUSION OF ISOTOPIC BORON HYDRIDES 
* 

Csaba P. K e s z t h e l y i  

i Department o f  Chemistry 
U n i v e r s i t y  o f  Colorado 

Boulder ,  Colorado 80309 U.S.A. 

KEYWORDS: boron i s o t o p e s ,  boron h y d r i d e s ,  n u c l e a r  f u s i o n  

ABSTRACT 

A t w s - s t e p  c o n t r o l l e d  n u c l e a r  f u s i o n  p r o c e s s  u t i l i z i n g  doubly- 

i s o t o p i c  boron h y d r i d e s  ( H - 2  o r  H - j  combined w i t h  B - l l ) ,  o p t i o n a l l y  

d r i v e n  by an e-bearn/ laser  combinat ion,  i s  p r e s e n t e d  a s  a n  o p t i m a l  

approach f o r  energy r e l e a s e  v i a  laser d r i v e n  f u s i o n .  Among t h e  

l a r g e  number of  p o s s i b l e  compounds, B4H10.  B S H l l ,  B&s are l i s t e d  

as s u i t a b l e  a n a l o g s ,  w h i l e  i t  remains f e a s i b l e  t o  s e l e c t  compounds 

w i t h  v a r y i n g  mass r a t i o s  of  t h e  d e s i r e d  i s o t o p e s .  I n  t h e  p r o c e s s  

p r i m a r i l y  laser d r i v e n  heavy hydrogen f u s i o n  i s  used  as i n i t i a t o r  

f o r  t h e  more economical  b o r o n - l l  f u s i o n .  The o p t i o n a l  a u x i l i a r y  

t e c h n i q u e ,  i n  i t s e l f  a notewDrthy p r o c e s s  due t o  t h e  combinat ion of  

t h e  e-beam and laser e x c i t a t i o n ,  i s  o f  s p e c i a l  s i g n i f i c a n c e  i n  t h i s  

c a s e  because of t h e  e l e c t r o n  d e f i c i e n t  n a t u r e  o f  t h e  p e l l e t  com- 

* V i s i t i n g  F a c u l t y ,  19(6/n; permanent a d d r e s s :  Chemistry Depar t -  
ment, Louis iana  S t a t e  U n i v + r s i t y ,  Baton b u g e ,  LA. 70903, U . S . A .  
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214 KESZTHELYI 

pounds, whose t o p o l o g i c a l  p r o p e r t i e s  a r e  i n d i c a t i v e  of  i n e r t i a l  con- 

finement t i m e  improvenents. No new experimental  d a t a  on fus ion  i s  

presented.  

S i n c e  t h e  f i r s t  extended r e p o r t  (1) i n  1935 on t h e  c l a s s  o f  

compounds known as boron hydr ides ,  some of  t h e  most e x c i t i n g  

developments i n  chemistry have been t i e d  t o  t h i s  a r e a  o f  r e s e a r c h ,  

and i n  a s e n s e  i t  would be  a p p r o p r i a t e  i f  a breakthrough i n  t h e  

v a s t l y  important  energy problems o f  our  day were t o  come from t h i s  

f i e l d  a l s o .  A few t o p i c s  deserve  mention as p a r t i c u l a r l y  r e l e v a n t  

w i t h i n  t h e  p r e s e n t  contex t ,  even though by no means do w e  in tend  

t o  a t tempt  t o  g i v e  a worthy review of  t h e  devdopment  of boron 

chemistry on t h e s e  pages. Perhaps t h e  most wide ly  a p p r e c i a t e d  

p e c u l i a r i t y  of boron chemistry i s  t h e  ' e l e c t r o n  d e f i c i e n c y '  o f  some 

compounds l i k e  B2Hrj,  o r  icosahedra l  fragments; t h i s  leads t o  t h e  

three-center  bond concept (2-4) which enjoys genera l  acceptance  

today. The charge d i s t r i b u t i o n  can be  approximated i n  a s imple  

manner from atom-atom p o l a r i z a b i l i t y  ( 3  (k, 1)) a s  : 

where E r e p r e s e n t  zero th-order  e n e r g i e s ,  and a l l  l e v e l s  are empty 

except  t h o s e  below II, which are doubly occupied. It is o f  p a r t i c u l a r  

i n t e r e s t  t o  us t h a t  n e g a t i v e  charges  tend t o  be l o c a l i z e d  in t h e  

i n n e r  reg ions  of t h e  molecule ,  and i n  most cases w i t h  d i s r u p t i o n  

o f  t h e  molecular  geometry. This sugges ts  t h e  p o s s i b i l i t y  of  h i g h l y  

i n e l a s t i c  i n t e r a c t i o n s  w i t h  e-beams, due t o  t h e  a v a i l a b i l i t y  o f  very 
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long d u r a t i o n  r e a c t i o n  channels  ( i . e . ,  m o l e c u l a r  r e a r r a n g e m e n t ) .  

Some o f  t h e s e  rear rangements  a re  a l s o  s i g n i f i c a n t  i n  terns o f  t h e  

r e s u r g e n c e  of  chemical  topology i n  t h e  last  fm y e a r s ;  t h e  p i o n e e r i n g  

work o f  e a r l y  i n v e s t i g a t o r s  ( 5 )  h a s  never  been extended t o  h i g h  

energy d e n s i t y  r e g i o n s  which a r e  o f  fundamental  concern  i n  t h i s  seriqs, 

and it  is  hoped t h a t  some e f f o r t  i n  b a s i c  r e s e a r c h  w i l l  b e  devoted  

t o  t h i s  area of  boron c h e m i s t r y  i n  t h e  near f u t u r e .  

There are two main e x p e r i m e n t a l  approaches  a v a i l a b l e  t o  a c h i e v e  

c o n t r o l l e d  n u c l e a r  f u s i o n ,  which i n  t u r n  o f f e r s  u s e f u l  energy  release. 

C o n s i d e r a t i o n s  o f  a charged p a r t i c l e  a c c e l e r a t o r ,  r e p r e s e n t i n g  one  

approach,  a re  r e s e r v e d  f o r  l a t e r  on, e x c e p t  t h a t  i t  i s  u s e f u l  t o  

p o i n t  o u t  a t  t h i s  s t a g e  t h e  e s s e n t i a l  c o n t r a s t  between I t  and thermo- 

n u c l e a r  f u s i o n :  accelerated p a r t i c l e s  comprise  a r a t h e r  uniform 

v e c t o r i a l  ensemble w i t h  r e s p e c t  t o  b o t h  d i r e c t i o n  and energy ,  whereas  

i n  t h e  thermonuclear  approach the ensemble i s  normal ly  c h a r a c t e r i z e d  

by a wide d i s t r i b u t i o n  o f  e n e r g i e s  as w e l l  as random motion. I t  

may a l s o  be r e c a l l e d  t h a t  i t  i s  n e c e s s a r y  t o  d i s t i n g u i s h ,  i n  t h e  

thermonuclear  approach,  between a k i n e t i c  t e m p e r a t u r e  r e l a t e d  t o  

Maxwellian d i s t r i b u t i o n ,  and a n  e q u i v a l e n t - r a d i a t i o n  t e m p e r a t u r e  

based  on b l a c k  body r a d i a t i o n ;  t h e  s i g n i f i c a n t  d i f f e r e n c e s  between 

t h e  two tempera tures  can ,  i n  t h e  broad s e n s e ,  p r o v i d e  t h e  p h i l o s o p h i c a l  

framework t h a t  c h a r a c t e r i z e s  f u s i o n  r e s e a r c h ,  t h e  perhaps  p e r u l t i m a t e  

c h a l l e n g e  t h a t  has a t t r a c t e d  many l e a d i n g  s c i en t i s t s  i n  r e c e n t  years .  

An a d d i t i o n a l  item wor thy  t o  ment ion  i s  the  d i s c r e p a n c y  between t h e  

Coulomb b a r r i e r  c a l c u l a t e d  a c c o r d i n g  t o  classical t h e o r y ,  and the 

e x p e r i m e n t a l l y  observed  b a r r i e r  p e n e t r a t i o n  (which a c c o u n t s  f o r  t h e  
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216 KESZTHELY I 

f a c t  t h a t  n u c l e a r  r e a c t i o n s  do occur  a t  d e t e c t a b l e  r a t e s  f a r  below 

t h e  CouIomb b a r r i e r ,  and provides  perhaps a most powerful argument 

i n  favor  o f  quantum mechanics and tunnel ing . )  

it would be counterproduct ive t o  t r y  t o  review w i t h i n  t h i s  b r i e f  

space t h e  development o f  hydrogen i s o t o p e  based fus ion ,  an area of 

chemistry so w e l l  e s t a b l i s h e d  i n  r e c e n t  years  t h a t  even elementary 

texts cover  i t  i n  cons iderable  d e t a i l  (6). 

heavy hydrogen r e a c t i o n s ,  inc luding  t h e  “neutron branch“ (Eq. 2) ,  

t h e  ”proton branch” (Eq. 3 ) ,  and two r e a c t i o n s  (Eqs. 4 and 5 ) o f  

high energy y i e l d :  

Beyond t h e s e  remarks 

S m a r i z i n g  some o f  t h e  

D + D -. He3 c 

(0.82 MeV) 

D + He3 - He’ + 
(5.6 MeV) 

n 

(2.45 M e V )  

H 

( 3 .  C;:! MeV) 

n 
(14.1 EleV) 

H 

(14.7 MeV) 

w e  f i n d  t h a t  about 33; of t h e  energy l i b e r a t e d  i s  c a r r i e d  by 

charged p a r t i c l e s  t o  be  depos i ted  i n t e r n a l l y  w i t h i n  t h e  r e a c t i n g  

s y s t e n  f o r  a pure deuterium t a r g e t ,  w i t h  t h e  neut rons  naking 

a d d i t i o n a l  c o n t r i b u t i o n s .  This  i n t e r n a l  energy would a i d ,  i n  a 

l a s e r  d r i v e n  arrangement, t h e  next  s t a g e :  fus ion  involving boron 

n u c l e i .  

The czmplete-fusion c r o s s  s e c t i o n  of boron-11 + terbium-153 

was repor ted  by Kozub g. &. (7) i n  1g4, w h i l e  Zebelman and 
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co-workers  r e p o r t e d  ( e )  i n  t h e  same year  b o t h  f i s s i o n  and complete-  

f u s i o n  v a l u e s .  Evidence o f  an i n t e r m e d i a t e  q u a s i s t a t i o n a r y  s t a t e  

in b o r o n - l l  f u s i o n  was p r e s e n t e d  (9) by Pe tkov  s. &. i n  1F$=, 

and r e l a t e d  by t h e  same a u t h o r s  t o  f i s s i o n  c a l c u l a t i o n s  i n  a s e p a r a t e  

p u b l i c a t i o n  (10). 

h a s  been f u l l y  r e p o r t e d ,  several  impor tan t  advances are  documented 

f o r  t h e  year  1 g 6 :  ( a )  Dayras ,  S t o c k s t a d ,  Switkowski and Wieland a t  

C I T  determined f u s i o n  c r o s s  s e c t i o n s  f o r  B + =C o v e r  a 5 M e V  r a n g e  

While  o n l y  a f r a c t i o n  ,of  t h e  boron f u s i o n  e f f o r t  

e x t e n d i n g  below t h e  Coulomb b a r r i e r ,  and compared the r e s u l t s  w i t h  

o p t i c a l  model c a l c u l a t i o n s  (11); ( b )  Namboodiri and co-workers 

exanined f u s i o n  p r o d u c t s  o f  =C + ‘“C, and c o n s i d e r e d  t h e  boron 

c r o s s  s e c t i o n  a l s o  (12); ( c )  D:tla g .  g .  used a s m a l l  &pinch 

plasma t o  deduce i o n i z a t i o n  ra te  c o e f f i c i e n t s  f o r  B ( I V )  as w e l l  

as C ( V )  (13). Because t h e  main g o a l  o f  t h e  p r e s e n t  work is t o  

ca l l  a t t e n t i o n  t o  a two-s tep  f u s i o n  p r o c e s s  i n v o l v i n g  i s o t o p i c  boron 

h y d r i d e s ,  not a l l  r e l e v a n t  c o n s i d e r a t i o n s  n e c e s s a r y  t o  d e v e l o p  a 

complete  o p e r a t i o n a l  sys tem are covered ,  even i n  a t e n t a t i v e  f a s h i o n .  

I t  i s  i m p o r t a n t ,  however, t o  d i s c u s s  t he  f u t u r e  t r e n d  o f  d e p a r t i n g  

from gas  dynamic a b l a t i o n  models  i n  u s i n g  laser e x c i t a t i o n  -- t h i s  

i s  deemed by t h e  p r e s e n t  work t o  b e  a development comparable  w i t h  

some of t h e  fundamental impact  a d v a n c e s / d i s c r e p a n c i e s  c i t e d  ear l ie r  

i n  t h e  paper .  

p e l l e t  k i n e t i c  energy  by dynamic a b s o r p t i o n  and s u p e r e f f i c i e n t  

compression,  as w a s  shown by Hore (14) of t h e  Max P l a n c k  I n s t i t u t e  

for Plasmaphysics  r e c e n t l y .  The key  concept  i n  H o r e ’ s  approach i s  

t o  avoid  c o n d i t i o n s  t h a t  hamper c o l d  implos ion .  The s t r u c t u r a l -  

Up t o  50$ o f  t h e  laser energy  is t r a n s f e r a b l e  i n t o  
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218 KESZTHELYI 

t o p o l o g i c a l  changes f e a s i b l e  w i t h  boron hydr ides ,  o p t i o n a l l y  brought 

about  o r  f a c i l i t a t e d  by e-beam impact, o f f e r  a s u i t a b l e  framework 

f o r  a concerted experimental  inqui ry .  

I n  conclus ion  w e  should emphasize t h a t  t h e  a u t h o r i t i v e  text 

f o r  energy release v i a  c o n t r o l l e d  nuc lear  fus ion  has  n o t  been 

w r i t t e n  y e t ,  and t h e  preceeding c o n s i d e r a t i o n s  a t  b e s t  may serve 

as a f o o t n o t e  i n  it. The formulat ion o f  a u t h o r i t i v e  new t h e o r i e s  

o f t e n  fol lows conspicuous experimental  f ind ings ,  and t h i s  may be  

e x c e p t i o n a l l y  t r u e  f o r  a s u b j e c t  as camplex as t h e  one raised here .  

The e x t r a p o l a t i o n  of a Bonhoeffer o s c i l l a t o r  (15)  from o r d i n a r y  

l a b o r a t o r y  condi t ions  t o  e x t r a o r d i n a r y  energy d e n s i t y  s i t u a t i o n s  

is  a r a t h e r  tenuous one; a t  t h e  same t i m e  it would be of  immense 

u t i l i t y  (16). 

r a m i f i c a t i o n s ,  deserves  increased  a t t e n t i o n ,  high-power smal l  

e x c i t a t i o n  sources  may b e  o f  g r e a t  complementary value. 

t o  develop t h e  p r e s e n t  t o p i c  i n  a c o n t i n u a t i o n  t o  t h e  series, 

d e a l i n g  w i t h  noble  gas hydr ides  as laser m a t e r i a l s ,  and some of  t h e i r  

advantages over  rare gas  h a l i d e s  and dimers. 

While p e l l e t  performance, w i t h  i t s  chemical 

W e  p lan  

Acknouledzement. Presented i n  p a r t  a t  t h e  51-st Annual Meeting of the  

Louis iana Academy of  Sciences (Shreveport ,  Louis iana,  Feb. 4, 1977). 
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