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This is the final report on project DAAG29—76—C—0056 which covered

the period June 1976 to June 1977. The objective of this project, wh ich
was intended to take f ive to six years, has been to develop instrument-
ation and methodologies for quantitative de termination of nanomole and
possibly picomole amounts of  materials of biological interest using

field desorption (FD) and isotope dilution techniques.

In the first two—year phase of this program , we intended to develop

a number of FD techniques and select the best of these for quantitative

assay. To achieve the latter goal , we modified a CEC 21—llOB double

focusing mass spectrometer to accomodate an FI—FD source. We then

planned to use the integrating capability of the photoplate attachment

for quantitative assay — to overcome the intrinsic flucuations of FD

sources.

Owing to the transfer of the Principal Investigator from SRI to

become Chairman of the Department of Biophysi cal Sciences at the State

University of New York at Buffalo , the project is terminating at the

end of its first year. Most of the effort of the first year has been

invested in the modification of the CEC mass spectrometer and in the

development of ion sources. The mass spectrometer has now been trans-

ferred to Buffalo with the P.1.

In the course of this year, we have carried out work which may have

significant bearing on future research. We have developed two new types

of FD sources , but have not yet criticall y evaluated their performance.

The first of these is an etched silicon source , and the second is an

electrolytically activated cobalt source.

The firs t source was based on an SRI proprietary process to obtain
large nonreflecting areas of silicon. In this process, the s i l icon

undergoes radiation damage by exposure to a source of alpha par t icles,

followed by mild etching. The etched surface exhibits a free uniform

crystalline structure (Figure 1). The edges of these crys tals have
sufficiently high curvature to allow field ionization or field desorption

U
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to take place. Moreover, since the silicon can be machined to a well

def ined geometry prior to etching, a well—def ined field desorber can be

fabricated. Miniature rods 1 mm in diameter and 3 mm long have been

fabricated from silicon and etched. The etched surfaces were then

coated with a few monolayers of chromium carbide to prevent oxidation

of the silicon surface and to allow easier induction of growth of

carbonaceous dendrites (for field ionization). In preliminary tests,

as we shall see later , the performance of these desorbers, though easily

controllable was not found superior to the previously used broken tungsten

rods, but these results are qualitative and rather nonconclusive since

they could not be tested under quantitative conditions.

The electrolytically activated cobalt field desorbers have been

produced by modifying the procedure of Rechtsteiner , Mathis , Bursey ,

et al (Bio. Med. Mass Spectrom. 4, 52 (1977). A novel pulsing circuit

has been designed and constructed (Figures 2 and 3). This circuit has

been used to olectrolyse 6N Co(N0
3
)2 

and deposit microdendrites of

cobalt on soft iron rods or on razor blade shim stock. The circuit is

described as follows :

The dendrite pulse can supply pulses at a ra te of 1 every 5 seconds

to 500 per second , at pulse widths of 50 microseconds to 100 milliseconds.

The pulses can vary from 3 volts to 110 volts, and a f ew milliamperes

to several amperes. The current should be limited with a suitable load

resistor to prevent damage to the output transistor from high voltage

pulses , hi gh repetition rates, and wide pulses.

An IC timer (555) is used to generate the basic clock rate. This

is counted down by a programmable 3 decade counter (9310’s) allowing

selection of 1 to 999 pulses. One—half of a MC14538B multivibrator (MV)

is used for locking out the start button to prevent retriggering on

short counts. The other half of the MV is used to generate a variable

width output pulse. Nand and nor gates are used for synchronization

and control.

2
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FIGURE 1 ETCHED STLICON FD SURFACE
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The power amplifier utilizes a variable transformer to control the

output voltage . A high voltage high power darlington transistor and

large capacitor (0.11 farad) allow a wide range of power output pulses.

The dendrites have been best grown when many (50 to 100) short

(0.5 msec) pulses of 30 to 40 V were applied over a distance of 3 mm

at 95°C. Although the preliminary tests on the field desorbers produced

by this technique showed them not to be superior to the broken tungst ’n

rods or the chromium carbide coated silicon structures , the linear

cobalt activated field ionization sources have been found comparable in

performance to the high temperature activated carbonaceous dendrite

tantalum sources (Cross, Brown and Anbar , Rev. Scient. Instrum . 47,
1270 (1976). Moreover, they seem to be less prone to deactivation by

negative counter—ion bombardment. In view of this and of their ease of

production , the cobalt activated slit type field ionization sources

superceded their carbonaceous dendrite analogs and were used successfully

on two other U.S. Army projects: Contract No. DAI~Dl7—74—C—4047 entitled

“Field Ionization Mass Spectrometric Rapid Diagnosis of Infectious

Diseases ,” under sponsorship of the U.S. Army Medical Research and

Development Command , and Contract No. DAAA15—76—C—0135 entitled “Rap id

Identification of Microorganisms by Their Nucleic Acid Composition ,”

under sponsorship of Edgewood Arsenal.

The preliminary field desorption experiments , which were carried

out on an inadequate inultiscanning 60° 35 cm radius, single focusing
mass spectrometer , are summarized as follows :

A test of various field desorption emitters was carried out . The

counter—electrode grid of the ionizer was grounded through a l0M~2

resistor and the emitters were operated at 5 kV accelerator voltage.

The emitters were inserted into the source using a MACORTM probe

incorporating a micrometer adjustment of the emitter to counter—electrode

spacings. The source—emitter temperature was maintained at 150°C for

all measurements.

4
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~~T u e  f o l l o w i n g  e m i t t e r  types  were tested under s imil a r  cond i t i ons

and sample loads : broken tungs ten  rods , e tched s i l icon rods , carbon

rods , ca rbon TY NELT~’I f i l a m e n t s , and cobal t  dendr i tes  on iron rods or

~t ce1 razor  blades.

Lach  em i t te r  was tested both  with measured 200—1000 ng amounts or

w i t h  la rge  load ings  ( e s t ima ted  5—10 t ig) of t e t r a p henvl  porp h ine  (MW 614)

as a tes t  m a t e r i a l .

Of t he  e m i t t e r s  tes ted , only the carbon f i l a m e n t s  showed m) l e c u l a r

ions at the lower sample loadings . The carbon rod produced weak f ragment

ions at approx imate l y rn/c 415 w i t h  the  lower sample loads. The weak

m o l e c u l a r  ions observed w i t h  the carbon f i l amen t s  appeared at very low

f i e l d s  when the  e m i t t e r  was 25— 50 mi l s  f r o m  the  c o u n t e r — e l e c t r o d e , i t

is l i k e ly  t h a t  these ions we re a c t u a l l y  produced by FI/FD from single

f i ber s  p u l l e d  out  of the bundle to a much closer s p a c i n g .  A t t e m p t s  to

o b t a i n  hi gher  i o n i z a t i o n  e f f i c i e n c y  b y decreas ing the •spaclng usually

r e s u l t e d  in momenta ry  shor t  c i r c u i t s  of the  e m i t t e r  coun te re lec t rode

p o t e n t i a l .  F u r t h e r  decrease  of the  spac ing  resu l ted  in a se r ies  of

r g i n  i c I r~i~ r ient  ions  fo l lowed  by a rep lacement of t h e  organ ic ions b y

stron~ and si gna l s .  The source of these ions may be a p r o p r i e t a r y

coat  i ng  of unknown c o m p o s i t i o n s  which  is app lied to the f i b e r s  and pa r t

o t  t l i t  m a n u f a c t u r i n g  process .  S imi l a r  behavior  was observed w i t h  larger

l o a d in g s  o t  samp le on t h e  carbon f i l a m e n t  e m i t t e r s .

W i t h  a l l  other i o n i z e r  types , no i o n i z a t i o n  occurred  unless  some

mi :isurahl& c u r r e n t  was drawn in the  e m i t t e r — g r i d  c i r c u i t .  A cu r r en t  of

1 A was t y p i c a l l y  observed which  resul ted in a mass s h i f t  i nd i ca t i ve

ot  a drop in the f i n a l  ion energy . Observat ion of the  ion beam shape

on a m u l t i ch a n n c l  p l a t e  image i n t e n s i f i e r  i n d i c a t e d  cons iderab le  energy

spread in t he  beam and the decomposi t ion of large numbers of ions in

the emitter—grid region or in the f i r s t  f i e l d  f r e e  spac ing .

The tungsten rods had an erratic ionization due to the  na tu r e  of the

f r a c t u r e d s u r f a c e .  F o l l o w i n g  use, a si n g le  h igh  spot on the surface

showed evidence of a sustained discharge. The etched silicon crystals
I
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gave a very sharp t r a n s i t i o n , over a narrow range of spacings , between

no ionizat ion and a severe breakdown producing a discharge t cp e  of

i o n i z a t i o n . This  is not su rp r i s i ng  s ince  the s u r f a ce  is p l a i n  with only

micron sized surface irregularities. Th e used emitters with Ni dendrit es

typ i c a l l y  showed sec t ions  where the d e n d r i t e s  had been l o st  and t h e edge

p a r t i a l ly  mel ted  back b y a r c i n g .

A f i n a l  t e s t  was p e r f o r m e d  us ing  a carbon rod g round  to a wed ge

shape.  This  emi t t e r  was charged w i t h  guan in e  r i b o side  i n  a s at u r a t e d

sucrose so lu t ion . Some res idua l  t e t r a p h e nv i  porp h i n e  was a l so  p r e s e n t

on the carbon f r o m  a previous  t e s t .  A f t e r  p a r t i a l  d ry i n g ,  the  suc rose

m a t r i x  l e f t  t he  e m i t t e r  coated w i t h  a g1ass~’ deposit. The emitter was

pumped in the  source h o u s i n g  a t  100 ° C f o r  30 mm b e f o r e  vol tage  was

app l ied.  At l a r g e r  spacings , modest f i e l d s  and 150 °C , some rn / c  4 1 ~ ions

f r o m  the pu rp h ine  were observed along w i t h  p o s s i b l e  r ibose , hexosc , and

guanine fragment ions.

The spacing was f u r t h e r  decreased u n t i l  a v o l t a g e  drop occurred  and

a s t rong  f r agmen t  ion s p e c t r u m  was observed.  The e m i t t e r  s p a c i n g  was

r e s t r i c t e d  u n t i l  the vo l tage  drop was reduced , bu t  s t i l l  m a i n t a i n i n g

s t r o n g  ionization. Under these conditions , the rn/c 415 fragment io n s

pers is ted  along w i t h  a d i f f u s e  s e r i e s  of metastahle fragment ions in

the range of 200—250 amu . A f t e r  o per a t  ion fo r  30 mm to 1 hr , t h i s

e m i t t e r  was removed and examined  under a microscope.  The sucrose m a t r i x

had apparentl y been carbonized and also formed into both large visible

as well as micron sized dendriti c projections.

The e xaCt  mechan i sm for the transformation process is not completely

unders tood  a t  t h i s  t ime , but  i t  appears t ha t  these  projections , under

suitable conditions , may he formed very quickly on rather blunt emitters

that are incapable of producing field i o n i z a t i o n  b y themselves.  These

p r o j e c ti on s  appear  to he formed f r o m  the  samp le or the  samp le m a t r i x  by

the l o c a l i z e d  f i e l d s  and t empera tu re s  present  du r ing  the  apparent  d i s —

barge that exists when measurable current is drawn f rom the  e m i t t e r .

This process appears to occur only if sufficient samp le or matrix is

present , and furthermore , the matrix must be capable of rendering a

8
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semi~ iquid s ta le  on the  e m i t t e r  so tha t i t  undergoes t h e  chemical and

p h s  i c a l  transformations that produc e  the  observed dendr i  t i c  p r o j e c t i o n s .

Th i s  interpretation is cons is t en t  w i t h  the previous r e s u l t s  o b ta i n e d

with the tungsten emitters using sucrose or p o lyv iny l alcohol  ma t r i c e s

or with l a rge  amounts of o i l  or a sph a l  tene samples .  W i t h  s m a l l e r  samples

or samp les that pyr o l y z e  or vapor ize , these  p r o j e c t i o n s  do not form , and

s u f f i c i e n t  f i e l d  enhancemen t  does not occur to produc e t rue  f i el d

desorp t  ion.

The work on the  CEC 2 1—110 11 mass spec t rometer  can he summarized

as fo 1 l ow s

T~ allow the use of a CEC 2 1—1 10 11  fo r  combi m 1 E l — F l — F l )  o per a t i o n ,

its source  was modified to prov ide  an i s o l a t e d  c~~’ t slit and the window

of t h e  source hous ing  was r eplaced w i t h  a ba l l  valve , al lowing a probe

ci rr \in g a r a z o r  b l ade  e m i t t e r  to be i n s e rt e d  t h r o u g h  the  h o l e  in the

hack ~f the s t anda rd  CEC source .  An i n i t i a l  a t t e m p t  was made to use

the r e p ol l e rs  as a c o u n t e r  e l ec t rode , but  the smal l  ruby i n su l a to r s

did not maintain adequate potential between the repellers and the block

to allow field i o n i z a t i o n.

The source was f o u n d  to opera te  a d e q u a t e ly , a l t h o u g h  at reduced

s e n s i t i v i ty  in the El mode w i t h o u t  the source  magnet  or repe l le rs

i n s t a l l e d .  A pa i r  of mvca l ex~
M p la tes  we re machined to hold an exi t

slit that was isolated from the  b lock .  This  s l i t  was grounded  and the

block operated at the norma l acce l e r a t i ng  p o t e n t i a l .  Even w i t h o u t  an

e m i t te r  in p lace , the  a r r angement  s u f f e r e d  f rom i n t e r m i t t e n t  vol tage

breakdowns and leakage. Low sensitivity field ionization was then

obtained by us ing an auxilliary power supply operated at l50—200V above

the nominal accelerating voltage corresponding to the  e l e c t r i c  sector

voltage range . This mode of opera t ion  ind ica ted  a severe leakage problem

associated with both the standard source insulator posts and the mycalex

p l a tes .  h)ue to the  uns tab le  na tu re  of t h i s  leakage , i t  was not possible

to maint ain a steady beam , since the ion energy fluctuated too widely

to he c o n t i n u o u s ly  t r an s m i t t e d  t h r o u g h  the e l e c t r i c  sector.  A ceramic

s l i t  h o l d e r  is  b e i n g  c o n s t r u c t e d  t ha t  w i l l  e l imina te  the voltage leakage

and breakdown and a l low opera t ion  w i t h  the standard CEC ion accelerator

suppl y
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A probe is also being designed that  will allow external alignment

of the  b lade  w i t h  the  counter  e l e c t r o d e  s l i t.  Fol lowing success fu l

operation in the El mode , the source magnet and r ep e l l er s  were p lanned

to be m o d i f i e d  to allow insertion of th e Fl— Fl ) e m i t t e r  w h i l e  s t i l l

m a i n t a i n i n g  o p t i m u m  El ope ra t ion  for  c a l i b r at i o n  and tune—up .

To summar ize :  l)ue to u n f o r se e n  c i r cums tances  r e s u l t i n g  f rom the

t r a ns f e r  of the  Pr inc ipa l  I n v e s t i g a t o r  f rom SRI , a m u l t i — y e a r  research

program is be ing  t e rmina ted  at t h e  end of i t s  f i r s t  yea r .  The work

accompl i shed  comprises  m o d i f i c a t i o n  of t he  mass spec t romete r , which

has been t r a n s f e r r e d  w i t h  the  P. I . , and ion source deve lopment .  The

ion source work has also c o n t r i b u t e d  s i g n i f i c a n t ly to two o ther  U . S .

Army sponsored pro j ects , which  have reached m a t u r i ty , and the con t r ibu-

t ion of the present  p r o j e c t  wi l l  be acknowledged in the appropr i a t e

pub l i ca t i ons  (now under p r e p a r at i o n ) .
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