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f rac t ions  de t ec t ed  b y  t he  f l ame ion iza t ion  de tec tor .  The  
s a m p l i n g  p o r t  is m a i n t a i n e d  a t  300 ~ so t h a t  t he  sample  
is re leased f rom the  p o l y m e r  in to  t h e  f i rs t  p a r t  of a glass 
cap i l l a ry  c o l u m n  cooled b y  l iquid  n i t r ogen  in o rder  to  
avo id  sp read ing  of c h r o m a t o g r a p h i c  f rac t ions  due to 
n o n - i n s t a n t a n e o u s  deso rp t ion  of sample .  Cooling is 
s t oppe d  a f te r  5 m i n  a n d  t he  c o l m n n  t h e n  p r o g r a m m e d  
f rom 35~ ~o 210~ 

Prof i les  of vola t i les  p r e sen t  in t he  room in d i f fe ren t  
c i r c u m s t a n c e s  are c o m p a r e d  in t he  Figure .  Firs t ,  a b l a n k  
f rom t h e  p o l y m e r  a n d  t h e  ' b a c k g r o u n d '  of t he  room were 
recorded  (A). In  th i s  c h r o m a t o g r a m ,  a b o u t  100 peaks  can  
be  seen w h i c h  are p r e s u m a b l y  due  to t r ace  vo la t i l es  
(pa in t  cons t i t uen t s ,  plast ic izers ,  etc.) f rom the  fu rn i tu re ,  
books  a n d  o the r  obj ects  in  t he  room.  The  f rac t ions  m a r k e d  
as 'C'  are  caused  b y  t he  vola t i les  f rom t h e  c o n c e n t r a t i o n  
c o l u m n  w h i c h  c a n n o t  be  r e m o v e d  b y  cond i t i on ing  over  a 
long per iod  of t ime.  The  p rocedure  was r epea t ed  a f te r  an  
e x p e r i m e n t a l  m a r i h u a n a  c iga re t t e  14 h a d  been  smoked  in 
t he  room b y  means  of a syr inge  (35 ml  puffs).  A t yp i ca l  
' f i n g e r p r i n t '  of m a r i j u a n a  smoke  can  be  seen in (B) as 
c o m p a r e d  to  t h e  d i f fe ren t  prof i le  f rom a s t a n d a r d  tobacco  
c iga re t t e  l~ in  (C). S imi la r  c h r o m a t o g r a m s  were o b t a i n e d  
w i t h  d i f fe ren t  c o m m e r c i a l  t obacco  c igaret tes .  Ag-tetra-  
h y d r o c a n n a b i n o l ,  c a n n a b i n o l  and  c a n n a b i d i o l  in  mar i -  
j u a n a  smoke  a n d  n ico t ine  in tobacco  smoke  were t e n t a -  
t ive ly  ident i f ied  f rom the i r  r e t e n t i o n  t imes.  I t  is ev iden t  
t h a t  m a n y  f rac t ions  are  c o m m o n  to m a r i j u a n a  an d  
tobacco.  However ,  severa l  d i s t i nc t i ve  peaks  m a y  be 
d iagnos t i c  for m a r i j u a n a  smoke  in add i t i on  to t he  usual  
c a n n a b i n o i d s .  A d d i t i o n a l  s tud ies  b y  c o m b i n e d  gas 
c h r o m a t o g r a p h y  a n d  mass  s p e c t r o m e t r y  wilt be  necessa ry  
to  revea l  t h e  s t r u c t u r e s  of these  compounds .  

F u r t h e r  e x p e r i m e n t s  h a v e  shown  t h a t  m a r i j u a n a  smoke  
can  be  safely recognized in t he  presence  of t obacco  smoke  
even  a t  m u c h  smal le r  c o n c e n t r a t i o n s  t h a n  are  gene ra t ed  
f rom single c igaret tes ,  a n d  de tec t ion  in m u c h  larger  rooms 
shou ld  be  possible.  

Rep roduc ib i l i t y  of t he  descr ibed  e x p e r i m e n t s  is r emark -  
able.  I t  is v e r y  l ike ly  t h a t  th i s  coupl ing  of a c o n c e n t r a t i o n  
t e c h n i q u e  w i t h  h igh- reso lu t ion  cap i l l a ry  gas c h r o m a t o g r a -  

p h y  will f ind  wider  use in  the  so lu t ion  of a n u m b e r  of 
p rob l ems  assoc ia ted  w i t h  t h e  t r ace  ana lys i s  of complex  
vola t i le  m i x t u r e s  a t  c o n c e n t r a t i o n s  well  be low p p b  levels. 

Zusammen/assung.  Mit  e iner  A n a l y s e n m e t h o d e  gel ingt  
es, M a r i j u a n a r a u c h  y o n  e iner  Z iga re t t e  oder  weniger  
d u r c h  K o m b i n a t i o n  y o n  A n r e i c h e r u n g s v e r f a h r e n  m i t  
h o ch au f l 6 s en d e r  G a s c h r o m a t o g r a p h i e  in  Z i m m e r l u f t  
nachzuweisen .  Cha rak t e r i s t i s che  Profi le  yon  200 bis  300 
K o m p o n e n t e n  ( d a r u n t e r  Cannab ino ide ) ,  die s ich deu t l i ch  
y o n  denen  y o n  T a b a k r a u c h  un te r sche iden ,  w u r d e n  m i t  
Hi l fe  v o n  Glaskapil lars/~ulen gewonnen .  
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A New Method of Estimatin~ Micropipette Tip Diameter 

The  diff icul t ies  i n v o l v e d  in e s t i m a t i n g  t he  d i a m e t e r s  
of t he  t ips  of v e r y  f ine e lect rolyte-f i l led  mic rop ipe t t e s  
used  in e lec t rophys io logy  are well  known.  For  m a n y  
purposes  i t  is des i rab le  t h a t  t h e  e x t e r n a l  d i a m e t e r  of t h e  
t ip  should  be  a b o u t  0.2~t (200 nm)  or  less, and  t h i s  is well  
b e y o n d  t he  r e so lu t ion  of t he  l i gh t  microscope.  Some wor- 
kers  h a v e  used e lec t ron  mic roscopy  in  special  s tudies ,  b u t  
for  m o s t  r o u t i n e  purposes  t h e  e lect r ica l  r e s i s t ance  of t h e  
p r o b e  is m e a s u r e d  to  give a n  i n d i c a t i o n  of t ip  d i a m e t e r  1, 2. 

E s t i m a t e s  of t i p  d i a m e t e r  f rom res i s tance  m e a s u r e m e n t s  
are  un re l i ab le  for a n u m b e r  of reasons.  A group  of 
a p p a r e n t l y  identical,  m i c r o p i p e t t e s  f r e q u e n t l y  v a r y  wide ly  
in res is tance .  Th i s  m a y  be  due  to  p a r t i a l  b lockage  of t h e  
t ip  b y  smal l  par t ic les  f lushed in to  i t  d u r i n g  filling. The  
m i c r o p i p e t t e  r e s i s t ance  is n o n - O h m i c  and  depends  on  t h e  
d i rec t ion ,  a m p l i t u d e  a n d  d u r a t i o n  of c u r r e n t  flow. I t  is 
also s t rong ly  d e p e n d e n t  on  t h e  t a p e r  angle  a t  t h e  t ip  a n d  
t he  res i s t iv i t ies  of t h e  f i l l ing a n d  b a t h i n g  media .  

Th i s  s h o r t  c o m m u n i c a t i o n  descr ibes  a s imple  a n d  
sens i t ive  m e t h o d  for e s t i m a t i n g  t i p  d i a m e t e r  w h i c h  
appea r s  to  avo id  t h e  a b o v e  u n s a t i s f a c t o r y  fea tures .  I t  is 
based  on  t h e  m e t h o d  o f  f i l l ing v e r y  f ine m i c r o p i p e t t e s  
desc r ibed  b y  MULLINS and  NODA 3 and  used r o u t i n e l y  in 

t h i s  l abo ra to ry .  The  mi c ro p i p e t t e  is he ld  in t h e  a i r  a n d  
3 2!~ KC1 is in j ec ted  in to  t h e  ba r r e l  as close as possible  to  
t h e  t ip ,  us ing  a microsyr inge .  Cap i l l a ry  ac t ion  t h e n  s lowly 
ejects  t h e  r e m a i n i n g  a i r  in  t h e  m i c r o p i p e t t e  t h r o u g h  t h e  
t ip .  Mot ion  of t h e  so lu t ion  men i scus  t o w a r d s  t h e  t ip  whi le  
i t  is some d i s t ance  f rom i t  c an  be  r ead i ly  obse rved  u n d e r  
an  op t ica l  microscope  of m e d i u m  power,  a n d  t h e  t i p  
d i a m e t e r  can  be  ca lcu la ted  f rom t h e  mens i cus  speed as 
shown  below. 

Consider  t h e  p robe  in t h e  F igure  w h i c h  has  an  i n t e r n a l  
t ip  r ad ius  v 0. The  so lu t ion  meniscus  is a d v a n c i n g  t o w a r d s  
t h e  t i p  a t  speed v 1 w h e n  a t  a d i s t ance  11 f rom t h e  t ip ,  
where  t h e  r ad ius  of t h e  p i p e t t e  is r~. Due  to  surface  t en s i o n  
forces, t h e  a i r  p ressure  a d j a c e n t  to  t h e  men i scus  is 
P1 = Po + 2T/rl ,  where  T is t h e  surface  t en s i o n  a t  t h e  
in te r face  a n d  P0 is a t m o s p h e r i c  pressure .  

1 K. FRANK and M. C. BI~CKER, in Physical Techniques in Biological 
Research (Ed. W. L. NASLUK; Academic Press, New York 1964). 
L. A. GEDDES, Electrodes and the measurement oJ bioelectric events 
(Wiley Interscience, New York 1972). 
L. J. MULLINS and K. NODA, J. gen. Physiol. 47, 117 (1963). 



i040 Specialia EXPERIENTIA 29/8 

Illustrating the solution meniscus advancing 
towards the tip. The diagram is not to scale. 

For  n o n - t u r b u l e n t  flow of a i r  a long  t he  t ape red  tube ,  
t he  vo lume  dV crossing t he  sec t ion  of rad ius  r in t i m e  dt 
is g iven  b y  Poiseui l le 's  re la t ionsh ip ,  

dV ~r 4 dP 
dt -- 8~ dl 

where  d_P~dl is t he  r a t e  a t  wh ich  pressure  is c h a n g i n g  
w i t h  d i s tance  a long  t h e  t u b e ,  and  , / i s  t h e  v i scos i ty  of air. 

I n  s t e a d y  s t a t e  f low a t  c o n s t a n t  t e m p e r a t u r e ,  p d V  is 
i n d e p e n d e n t  of 1; t h a t  is 

d V ~r a d P  
P d t  = Pl:~rl ~ = 871 P d l  

I n t e g r a t i n g  be tween  t he  ends  of the  a i r  plug, 

P1 11 
/ ,Odp _,o12--po 2 /dl 

- -  2 (8r/P1 rl=vi) 7 

P0 6 

2 T 1 
If  r 1 > lOp, rl < < Po, and P12 ~ 1)o2 ~-- 4TP1/r  I 

Thus  

11 

o 

The  in t eg ra l  in  t he  above  express ion  is d e t e r m i n e d  b y  
the  i nne r  profi le  of t he  mic rop ipe t t e .  Because  of t h e  s t rong  
dependence  on r, on ly  t he  region in t he  i m m e d i a t e  v ic in i ty  
of t he  t ip  c o n t r i b u t e s  s ign i f i can t ly  to  t he  in tegra l .  I f  in 
th i s  region t he  t ip  a p p r o x i m a t e s  to  a t r u n c a t e d  cone of 
ha l f -angle  O, 

r = r 0 + I t an  O 

11 

a n d  f i - = 3 t a n O  ( % +  tan 0) 3 - 3 % 3 t a n O  
0 

i l l  1 tan  (9 > > r  0 

4Vl~ ) 1/3 
Hence  t o = r 1  3 T tan 

The  co r re spond ing  express ion  for t h e  t ip  rad ius  in  t e r m s  
of t h e  e lect r ica l  r es i s t ance  R of a t ape r ed  m i c r op i pe t t e  
filled w i t h  an  e lec t ro ly te  of r e s i s t i v i ty  ~ is read i ly  shown 
to be  

r o = ~/(~R tan O) 

Compar i son  of these  two  shows t h a t  res i s tance  es t ima-  
tes  of t ip  size are more  d e p e n d e n t  on t a p e r  angle  t h a n  
cap i l la ry  f low e s t ima te s  and  are the re fore  more  l iable  to  

e r ror  because  of the  d i f f icu l ty  of m e a s u r i n g  t h i s  angle  
close to  t h e  t ip .  F u r t h e r m o r e ,  t he  ex t e rna l  m e d i u m  
c o n t r i b u t e s  to  t he  m e a s u r e d  res i s t ance  a n d  a cor rec t ion  
t e r m  should  be  sub t r ac t ed .  The  m a g n i t u d e  of t he  correc- 
t ion  is g rea t ly  d e p e n d e n t  on t he  r e s i s t i v i t y  of t h e  m e d i u m  
in t he  cr i t ica l  region v e r y  close to t he  t ip  where  t he  
so lu t ions  inside a n d  outs ide  t he  p robe  mix.  

The  cap i l la ry  flow m e t h o d  is a v e r y  sens i t ive  i nd i ca to r  
of t ip  size since v, er r03. P ipe t t e s  of u n s u i t a b l e  d imen-  
sions can  be  d i sca rded  before f i l l ing is comple ted ,  follow- 
ing a qu ick  e s t i m a t i o n  of f i l l ing speed.  I t  is genera l ly  
found  t h a t  a p a r t i c u l a r  pul le r  s e t t i ng  p roduces  p ipe t t e s  
whose  t ip  d imens ions  e s t i m a t e d  b y  t h i s  m e t h o d  are 
r ep roduc ib le  to  w i t h i n  10 %. 

S u b s t i t u t i o n  of ~ = 1.81 X 10 -5 Kg m - i s  1 for a i r  a t  
20~ and  T = 7.7 • 10 -2 N m -1 for 3 IV[ I~C1 gives 

( Vl ~1/3 
r 0 = 6.9 • 10 -~ r 1 \ t an  O] 

where  v is m e a s u r e d  in mic rons  pe r  sec. 
For  example ,  if t he  f i l l ing speed is 2.5[x s -1 m e a s u r e d  

a t  a po in t  where  t h e  i nne r  r ad ius  is 20 ~tm, t h e n  r 0 ~ 0.06~tm 
for a t a p e r  angle  2 O = 4 ~ BILS a n d  LAVALLt~,E 4 h a v e  
shown  in e lec t ron  microscope s tud ies  t h a t  t h e  r a t io  of 
inne r  and  ou te r  d i a m e t e r s  a t  t he  t ip  is 0.5 if t h e  p i p e t t e  is 
d r a w n  f rom glass h a v i n g  th i s  r a t i o  of d iamete r s .  The  ou te r  
t ip  d i a m e t e r  is the re fo re  a b o u t  0.24 ~zm for r 0 = 0.06 Ixm. 
A mic rop ipe t t e  of these  d imens ions  fills in a b o u t  5 m i n  if 
so lu t ion  is i n t r o d u c e d  f rom a mic rosyr inge  of ex t e rna l  
d i a m e t e r  50 ~m to  a p o i n t  a b o u t  1 m m  f rom the  t ip .  
Solu t ion  flows t h r o u g h  t h e  t ip  on ly  a t  t he  c o m p l e t i o n  of 
filling, g rea t ly  r educ ing  t he  l ike l ihood of blockage.  The  
f i l l ing t e c h n i q u e  is successful  in  a b o u t  90 % of cases of 
v e r y  f ine t ips  and  is a lmos t  100 % successful  for t ip s  of 
ou ts ide  d i a m e t e r  l~t or larger.  

Zusammen/assung .  Eine  neue  und  e infache  Me thode  zur  
B e s t i m m u n g  des Durchmesse r s  yon  M i k r o p i p e t t e n  wi rd  
beschr ieben .  
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