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FABRICATIOX AND ASSEMBLY OF A TEFLON DROPPING- 
MERCURY ELECTRODE 

Helen P. Raaen, R.  J. Fox, and V. E. IJalker 

IU3STRACT 

A procedure was developed f o r  fabr ica t ing  a Teflon drapping- 

mercury electrode t h a t  has been shom experimentally t o  be satis- 

fac tory  fo r  polarography i n  glass-corroding media. 

the lack of a su i tab le  electrode, polarography i n  such media has 

not been possible heretofore.  The electrode consis ts  of a 

glass-capi l lary 8nd a Teflon-capillary set?;ment which a re  at- 

tached by guide sleeves t o  form a ullit t h a t  behzves as if it 

were a s ingle  s e p e n t .  Procedures m r e  perfected f o r  precision- 

lapping a conical end on a glass D.M.E. cap i l l a ry  rqithout 

plugging the cap i l l a ry  and for fabricatiflg a Teflon seppent 

of specif ied o r i f i c e  diameter within a wide range (15 t o  

110 p) and t o  within 510 p. The Teflofl segment has a 

round smooth-walled o r i f i ce ,  a lapped face t h a t  i s  per- 

pendicular t o  tne bore, and a bore of diameter and shaTe 

t h a t  can be varied. 

Because of 

INTRODUCTION 

Polarography has not been possible i n  media taat a t tack  glass (s.g., 

hydrofluoric acid, acid fluoride,  and strong caust ic  solutions) because 

the  glass-capi l lary dropping-mercury electrode (D.M.E.) i s  erroded rapidly.  

l’he errosion destroys the  c r i t i c a l  geometry a t  the  cap i l l a ry  o r i f i c e  arid 

introduces contaminants i n t o  tfie t e s t  solution. The fabricat ion of a 
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Teflon D .M .E. t h a t  has essentiaL1.y the  same geometric and performance 

cha rac t e r i s t i c s  as a glass-capi l lary D.M.E. i s  described herein. The 

major problem ims t o  obtain i n  Teflon a round, smooth-walled o r i f i c e  

surrounded by a f l a t  surface and having a diameter i n  the  range from 15 

Lo 110 p. The fabr ica t ion  procedure developed may a l so  be u s e f i l  i n  

other  appl icat ions of Teflon t h a t  require the  formation of such a small. 

or i f i ce .  

The Teflon D.M.E. i s  of par t icu lar  i n t e r e s t  t o  ana ly t i ca l  chemists 

because the lack of it has been the  de te r ren t  t o  polarographic s tudies  of 

redox sys t em i n  glass-corroding media. !I’he e-valuation of the Teflon D.M.E. 

f o r  use liil such work and the  attempts by o-t;iiers t o  fabr ica te  such an elec-  

trode are discussed elsewhere, 5. 

FABR ICATT ON 

The design of the  Teflon D.M.E. is shown i n  Fig. 1. The electrode 

cons is tk  of a Teflon-capillary sege i i t ,  a glass-capi l lary segment, and. 

Fp ide  sleeves t h a t  a r e  used t o  hold t n e  two sements  together i n  proper 

alignment. Nhen the segments a re  attached, mercury flows through the 

electrode in an  unbroken thread. as i s ”  the cap i l l a ry  were a s ingle  uni t .  

Several  unique tools were designed and made f o r  use i n  fabr ica t ing  

tine Teflon D.M.E.; these are described. 

Teflon- capi l la ry  Se,.;nent 

r2-o-perties of ~ e f i - o n  

Teflon i s  fraiieht with properties thal; were e i t h e r  conceded t o  

o r  exploited i n  tile fabr ica t ion  of  the cap i l l a ry  sewen t .  Transit ion 

points  of Tefloil e x i s t  at 20, 30, and j27OC; -?-) 
1 2 2 2 tne  la t ter  2s the  



UNCLASSIFIED 
ORNL- L R -  DWG 57407 B 

Fig. 1. Sketch of t h e  Teflon Droppingmercury Electrode. ( R e -  
produced with permission from Analytical Chemistry) 
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g e l  po in t .  Teflon cannot be cast  from a melt o r  drawn. It decomposes 

above 380 @- and emits tox ic  compounds.-- 

vendors is molded from the  potrdeu. I n  -tile rod. form, it contai-ns voids 

and stresses and the re fo re  may not  be of  u.nifom dens i ty .  'Pic s-ti-uctural 

irregularity of unnnriealed Teflon and the r e s u l t a n t  d i f f i c u l t y  iii ob- 

t a i n i n g  a small Tound o r i f i c e  i n  it are shown by t he  photomicroLrzFl? vhich 

i s  Fie. 2. Ma"ieria1 Y l a t  is not ciesigpated 1004 v i r g i n  Teflor: may conta7.n 

ad.diLlives and re-used Teflon. A special-purpose u l . t ra - f ine  imlding pmrder, 

des izna ted  Teflon-7, i s  now avaiI.able f o r  use i n  making highest  quality 

void-free mo3.dings .' 

0 8  4 'The rod f o m  purchased from 

'Teflon has " e l a s t i c  memory, I '  which a f f e c t s  i t s  

Fig.  2. Shadow-cast Negative Faxfilm Repl ica  of  Surface of 
Unanrlealed Tefl.on Rod. 3OOX magnification; shadmwcast witin aluminum. 
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dimensional s t a b i l i t y ,  pa r t i cu la r ly  i f  s t r e s ses  introduced i n t o  it during 

fabr ica t ion  are not removed by annealing. The poss ib l i t y  of dimensional 

change i n  a piece of Teflon rod t h a t  w a s  not annealed after a hole w a s  

pierced i n  it i s  shown by Fig. 3 .  'The s t r i a t i o n s  i n  the  photomicrograph 

are the  marks l e f t  by a cu t t ing  edge used t o  segment the  rod before the  

hole w a s  pierced. 

When Teflon i s  being machined, turning, chips, and granules ac- 

cumulate and adhere t o  the  stock piece by e l e c t r o s t a t i c  a t t ractbon.  Before 

a f inished cap i l l a ry  i s  put i n t o  use, it mst be inspected c a r e f i l l y  under 

an o p t i c a l  microscope t o  ensure t h a t  no pa r t i c l e s  are adhering t o  it. 

brochure- i s  avai lable  t h a t  i s  most helpf'ulin the  machining of Teflon. 

A 

6 

Materials and Equipment Required 

The following spec ia l  mater ia ls  and equipment a re  required: 

1. Teflon, loo$ virgin,  1/2-in. and 1-in. diameter rods. From a need- 

The ed 6-in. length of t he  1/2-in. rod, three cap i l l a r i e s  can be made. 

1-in.  rod i s  needed for  making a lapping j i g .  Rod obtained from Tri-Point 

P las t ics ,  Inc., Albertson, N. Y., and designated TSI grade was sa t i s fac tory .  

2. 

3 .  Brass Rod, 1-in. diameter; f o r  use i n  making the  machining j i g .  

4. 

Brass Tube, 5/8-in. ID, 11/16-in. OD. A 6-in. length i s  needed. 

0 
Oven, capable of maintaining a temperature of $0 f 5 C fo r  

about 1 1/2 hours and provided with automatic temperature control. 

5. Aluminum Oxide Powder, g r i t  No. 600. 

6. Benzene. 

Special  Tools Required 

The following spec ia l  t oo l s  a r e  required. 

for spec i f ic  use i n  fabr ica t ing  the Teflon-capillary segment. 

They were designed 

These tools  
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a r e  not avai lable  commercially; they were made according t o  the  procedures 

described below. 

1. Machining J i g  of Brass plus a Teflon h s h  Rod (see  Fig. 4).  The 

j i g  i s  f o r  use i n  machining the blank f o r  the Teflon-capillary segment i n  

such a way as t o  ensure tha t  the cap i l l a ry  face i s  perpendicular t o  the  

ax is  of the cap i l l a ry  and i s  f r e e  of the type of project ion t h a t  would 

r e s u l t  f r o m  on-center machining. The push rod i s  used t o  remove the 

cap i l l a ry  blank from the  machining j i g  with a minimum of scarr ing of the 

o r i f i c e  face of the blank. 

a. From 1-in.  diameter brass  rod, f ab r i ca t e  a cy l ind r i ca l  j i g  

having an eccentr ic  bore o f  0.244-in. diameter; follow the dimensions 

spec i f ied  i n  Fig. 4. 

b. 

fabr ica te  a push rod; follow the dimensions specif ied i n  Fig. 4. 

From unannealed 1/2-in. diameter, 10% vi rg in  Teflon rod, 

2. Lapping J i g  o f  Teflon (see Fig. 5);  f o r  use i n  polishing the  

o r i f i c e  face of the  Teflon segment t o  a lapped f in i sh .  

a. F r o m  1 1/4-in. diameter, unannealed, 100% v i rg in  Teflon 

rod, f ab r i ca t e  a lapping j i g  of the dimensions indicated i n  Fig. 5. Note 

p a r t i c u l a r l y  the geometry of the end of the j i g  t h a t  w i l l  touch the  lap. 

3 .  Lap; f o r  lapping the f i n i s h  on the  o r i f i c e  face of the Teflon 

cap i l l a ry  blank. 

a. Prepare a l ap  from about a 4 x 4 in .  piece of about 1/4-in. 

th ick  p l a t e  g lass  by f in i sh ing  the surface of the p l a t e  g lass  w i t h  No. 600 

g r i t  aluminum oxide powder (& use &Licon carbide) .  

b. Wash t h e  aluminum oxide powder of f  the l ap  w i t h  water. 



UNCLASSIF IED 
ORNL-  L R -  DWG. 70483 

Fig.  4. Machining Jig of Brass w i . t h  Teflon f i s h  Rod. 

U N C L A S S I F I E D  
O R N L - L R - D W G .  7 0 4 8 2  

S l ip  f i t  wi th  
of T e f l o n -  c a p i l l a r y  
b lank  ( 1/1000 larger 
t h a n  O D  of t i p )  

Fig. 5. Lapping J i g  o f  Teflon. 
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c. Clean the surface of the  l a p  with benzene. (No lapping 

compound is  used when the  Teflon blank i s  lapped (or burnished) against  

the g lass  lap.)  

4. Piercing Needle, precision-lapped; f o r  use i n  forming simultaneously 

the  o r i f i c e  and the  bore of the  Teflon-capillary segment. A sharp conical  

end i s  handlapped on a piece of high-speed-steel measuring w i r e .  The 

angle of  the  cone i s  determined p a r t l y  from the  desired diameter of the  

o r i f i c e .  

a. Special  Materials and Equipnent Needed 

(1.) Measuring Wire, high-speed-steel, 1 3/8-in. lengths, 

O.032-in. maxilrnun diameter; avai lable  from Taf't-Peirce Manufacturing Co., 

Woonsocket, R.  I. 

(2.) O i l i t e  Bushing Stock; self- lubricat ing,  a piece about 

1 x 1/4 x 3/lF o in .  

(3.) Carbomndwn Hones; fo r  rough honing and polishing. 

(4. ) 

( j . ) 
Diamond Compound, No. 1 grade, Elgin. 

Jeveler  ' s  Lathe. 

(6.) Optical Comparator, Model X-4, Jones & Lamson 

Machine Co., Springfield,  V t  . ; or equivalent. 

(7 .) Microscope. 

(8.) Brass; small f l a t  piece. 

b. Precision-lapping Procedure. The arrangement of jeweler's 

l a the ,  bushing stock, microscope, and needle blank used i n  precision- 

lapping the piercing needle i s  shown i n  Fig. 6. 

(1.) Place a piece of O i l i t e  bushing stock (approximately 

I x 1/4 x 3/16 in . )  i n  the t o o l  posi; of a jeweler's lathe. 



1.0 

UNCL ASS1 F l  ED 
PHOTO 58193 

Pig. 6. Arransernent of Equi:pment and N e e d l e  i3la.nk U s e d  in 
Precision- lapping the  Pi c r  c i n g  ITe e dle  . 



. 11 

( 2 . )  I n  the  c o l l e t  of the  jeweler's la the,  place a d r i l l  

of tne sane OD as the  OD of the  measuring-wire blank fo r  the piercing 

needle (L.S., 0,032 i n . ) .  

( 3 . )  D r i l l  a hole through the bushing stock. (The bushing 

stock so d r i l l e d  and i n  Cnis posi t ion a c t s  as a "steady r e s t "  €or the  

needle blank. ) 

(4 . )  Replace the  d r i l l  w i t h  the  needle blank. Se t  the  

blank i n  the  l a the  so  t h a t  only about 1/8 in .  of it i s  held i n  the  c o l l e t  

and the  t i p  of it protrudes beyond the  €ace of t'ne bushing for a length 

t h a t  i s  t h e  length desired for the  conical t i p  of  t h e  piercing needle. 

(It i s  e s s e n t i a l  t l a t  the  needle run t i g h t l y  i n  the  steady r e s t .  To com- 

pensate f o r  wear i n  theCiUte  stock, move tlie cross-feed of t he  l a the  

s l i gh t ly .  ) 

(5.) Observing the  protruding t i p  by means of a micro- 

scope a t  approximatelyjOX, rou& the  t i p  down t o  a cone point with 

carborundum hones as the  blank turns  i n  the  la the .  I n  order t o  maintain 

the roundness of t he  cone point during the  honing, support the hone r i g i d l y  

against  any convenient surface; the  base for %he O i l i t e  bearirig i s  a 

su i tab le  surface. 

( 6 . )  Polish the  needle t o  a hi& polish with f i n e r  hones. 

??-le cross-section of  t he  cone must be round a t  every plane along it. 

( ' 7 . )  Finish polish the needle with No. lg rade  Elgin 

diamond compound; use a f l a t  piece of brass as a lap. 

20 included angles were used t o  form o r i f i c e s  of 20-p, and smaller diameters 

(Needles of 15 and 

0 

and of' 40- t o  U.0-p diameters, respectively.)  

( 8 . )  By means of an o p t i c a l  comparator, measure the 



included angle of the lapped cone (a) and t h e  diameter of the  po in t  of 

the  cone ( a  1 . 
-2 

5. Piercing Jig and. Appurtenances; f o r  u s e  i n  forming simultaneously 

the bore and o r i f i c e  of the Teflon-capillary segment. The arrangement of 

the  piercing j ig ,  needle, a d  cap i l l a ry  blank is shown i n  Fig. '7. The j i g  

assembly and appurtenances consis t  of the following: 

a. J ig ;  fabricabed t o  the dimensions shown i n  Fig. 7 and pro- 

vided, as shown, with: 

lover end and a head tha t  contains seats for a s m a l l  a l l e n  wrench to be 

(1) a No. 10-32 screw tinat has an i n s e t  a t  the 

iised i n  turning tile sci"ew i n  very small increments, and (2)  a post  on 

wb.jch an :i.ndicat,or caa be mounted. 

Consti-uct the j i g  from Star-Zenith hi.&-speed steel, avai.1abl.e from 

T,e Carpenter S t e e l  Co., Reacting, Pa. The l i n e a r  expansion o f  t h i s  s t e e l  

and t h a t  of the steel from which Vile needle i s  madr are essenti.al.ly the 

same; the matching of the  s t e e l s  with respect  t o  tilts property i s  essential.. 

b. Tndicator, S t a r r e t i  No. 'Tll-F, 0.001 in. ,  "Last 'IJord" 

(ava i lab le  from L. S. S t 3 r r P t t  Co., Athol, Mass.); f o r  use i n  mcasurini; 

the distance of penetration of t h e  piercing needle. 

c. Volt-ohmneter; f o r  detect ing when t,he pierein, needle has 

just penetrated t he  face of the Teflon-capil.1aYy Sla,-llr. 

d. 

e .  

Mica Sheet, 1 x 1/2 x 0.0025 i r l .  

~ ~ u m i i i ~ ~ n  sneet ,  1 x 1/2 x 0.0025 in. 

Procedure 

AniealinG ti?e 'TeC7.m Rod 

1. Cut a piece of l/2-i.n. diameter, 100;; viryj5.n Teflon rod i n t o  

&-in.  1.eng;ti.l~. 



U N C L A S S I F I E D  
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. 

Fig. 7. Piercing Jig and Appurtenances. 

. 



2. 

3 .  

Place a 1engl;n of rod i n  a 6-in.  leng-th of 5/8 in.-ID brass tubing. 

Place the  tubing t h a t  contains the  Teflon rod i n  an oven a t  room 

temperature; use an oven havinz automatic temperature control.  

4. 

5. 

Increase the temperature of the oven t o  $0 k S°C. 

A l l o ~ r  .tile Teflon t o  remain i n  the oven a t  360 +_ 5OC f o r  a t  least 

1 l / 2  hr. 

6. Turn the  oven of f  and al lmi  the  oven t o  cool t o  room temperature 

before opening it. 

7.  Remove the Teflon rod from .l;iie cool oven. 

Tefl.on rod of ten  "bows" duriilg annealing; the brass tube i s  used to 

mininize this bowing by providing an even d i s t r ibu t ion  of heat  around the 

rad.  A piece t h a t  i s  bowed a f t e r  being annealed should not be used t o  

fabr ica te  a capi l lary.  

s t ra ighten it by force.  

A bowed piece w i l l  f rac ture  i f  a t t enp t  i s  made t o  

Machining the Blank f o r  the Capillary 

l. Place the  6-in.  length of annealed Teflon rod i n  a 1/2-in. co l le t  

of a la the;  allow about 1 1/2 in .  of the  rod t o  protrude. 

leiigth from the end of the protruding rod before be{;inning ti?e fabr ica t ion  

of the  f i r s t  cap i l la ry .  

Cut off a 1/8 in .  

2. Machine from the rod a blank having the external  dimensions ind i -  

cated i n  Fig. 1; proceed as follows: 

a.  Machine cf.om the smallest-diameter (0.245 - in .  ) length (&.e., 

the  1- in .  length up to the  shoulder); machine t h i s  part t o  be very s l i g h t l y  

longer (0.005 i n . )  than 1 i n .  

b. Machine downthe length (&.g.3 1/4-in. long shoulder) of the  

l a rges t  diameter (i.~., same diameter as t h a t  of t he  glass capi l la ry) .  



c .  Cut o f f  t he  blank t o  leave a l/S-in. long shoulder. 

3 .  Place the  blank i n  the  brass machining j i g  (Fig. 4 ) .  The f i t  

should be a press f i t  ( s m a l l  diameter of blank, 0.245 in.; diameter of j i g  

bore, 0.244 in . ) .  

smaller end of f  f l a t  by means of  an extremely sharp tool .  

Place the  j i g  i n  the  c o l l e t  of a latae and machine the  

4. Remove the  blank from the  j i g  by means of the  Teflon push rod 

of  design shown i n  Fig. 4. 

5. Chuck the capi l la ry  blank i n  a 1/4-in. diameter co l l e t ,  i n se r t ing  

the  cap i l l a ry  blank i n t o  the  c o l l e t  from the  back s ide of the  co l l e t .  

6. Place the  c o l l e t  i n  the  lathe and round o f f  the very edge of the  

cap i l l a ry  blank with a radius  tool ,  leaving a f la t  of a t  least 1/8-in. 

diameter i n  the  center of t he  face. 

7. 

t he  c o l l e t .  

8. 

Rernove the  c o l l e t  from the  l a the  and the  cap i l l a ry  blank from 

Now place the s m a l l  end of the  blank i n  the 1/4-in. c o l l e t  of 

the la the .  Into the l a rge r  end of the blank, machine a conical wel l  of 

t he  dimensions shown i n  Fig. 1, leaving a narrow f la t  surface (as indicated) 

r a the r  than a sharp edge on the r i m  of t he  cone. 

9. By means of a No. 71 drill (0.026-in. diameter) placed i n  the  

la the,  d r i l l  a hole from the  conical  end t o  a depth of  1 i n .  (&.e., t o  

within 1/4 in .  from the s m a l l  end of the blank) t h a t  i s  about 0.006 in .  

smaller i n  diameter than the  diameter of the  sha f t  of the  piercing needle 

(L.s., 0.032 in . )  

Lapping the Orif ice  Face of the  Capillary Blank 

1. Place the  cap i l l a ry  blank i n  the Teflon lapping j i g  with the  

o r i f i c e  face (L.z., smaller, f la t  face) against  the  lap. 



2. Lap the face of the cap i l l a ry  blank against  the dry g lass  lap; 

do not use lapping conpound. 

3 minutes. 

Lap with a figure-8 motion by hand f o r  about 

Clean - t ie  l a p  surface of ten  w i t i n  benzene during the lapping. 

Piercing the  Blank 

1. Selec t  the  precision-lapped piercing needle according t o  tine 

o r i f i c e  diameter desired i n  the  capi l la ry .  

2 .  fish the  piercing needle into the  d r i l l e d  hole i n  the  cap i l l a ry  

blank; keep the  needle on center w i t h  tlie hole and push it i n  only as far 

as the  bottom of .the d r i l l e d  1iol.e. 

3. Place -the piercing j i g  i n  a 'oench v ise .  

4. Assemble tine j i g ,  mica sheet, al.uminum sheet, indicator ,  vo l t -  

ohmmeter, and cap i l l a ry  blank as indicated l.n Fig. 7. 

5 .  Connect one of the leads from the  vo l t -o lme te r  t o  tne j i g  and 

the other t o  the  aluminum sheet ( t he  mica breaks the  c i r c u i t ) .  

6. By means of an a l l e n  wrench, slowly and c a r e f i l l y  tu rn  the screw 

u n t i l  the needle j u s t  makes con"cac-1; with the aluminum f o i l ;  t h i s  i s  in-  

dicated by motion of the  ind ica tor  needle of Yne volt-ohmmeter. 

' 7 .  With the am of the  ind ica tor  touching the top  of the screw, 

zero the indicator .  

8 .  Calculate the  length of penetration required t o  produce an 

o r i f i c e  of the  desired diameter; use ,the following relat ionships:  
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dX = diameter of needle shaft, m i l ,  

11 = length of  cone, m i l ,  

a = included angle of cone, deg, 

d = diameter of point of cone, mil ,  

= desired o r i f i c e  diameter, mil, 

2 

d3 

l2 = depth of penetration t o  give d3, m i l  

= [1/2(d3 - d )I[cot(a/2)1,  
2 

r = constant r e t r ac t ion  of Teflon t i p  upward onto the 

needle during annealing i n  jig = 3 mil ,  and 

1, = ne t  depth of penetration corrected for r e t r ac t ion  of 

Teflon t i p ,  m i l  = l2 - r. 
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If 13 i s  negative (case of small-diameter o r i f i c e s ) ,  the screw must be 

screwed back the  negative amount. 

9.  By observing the  indicator  and by slowly and carefu l ly  turning 

the  screw the dlstance 13 ( e i t h e r  backward if 13 i s  negative, o r  forward 

i f  l3 i s  posi t ive)  cause the  capi l la ry  face t o  be pierced t o  the  necessary 

depth of penetration. 

10. Disconnect the  leads t o  the  volt-ohmmeter. 

11. Remove t h e  indicator  from -tne j i g .  

12. Remove the j i g  from the vise. 

Annealing the Capillary 

1. Place the en t i r e  j t g  assembly i n  ai oven a t  room temperature; use 

an oven t h a t  has automatic temperature control.  

2. Increase the  temperature of -tihe oven slowly (over a period of 2 

t o  3 hr) t o  a inaxilinun temperature of 160 t o  20OoC. 

0 
3. 

about 3 h r .  

A l l o w  the assembly t o  remain i n  the oven a t  160 t o  200 C for 

4. Turn the  oven off  and allow it to cool til room temperature 

without opening it. 

5. 

6. 

Remove the assembly from the  cool oven. 

Remove the capiIl.ary from t h e  jLg. 

Removing tlne Needle from -the CapillaT-y -._I 

1. Clean the surface of the  capi.I.lauy around the point of the  

needle with the  edge of a pfece of paper. 

2. Clamp the  protruding shaft of the needle i n  a vise  .and p u l l  the 

capi l la ry  off the  needle; p u l l  i n  a lLne t h a t  i s  p a r a l l e l  to the axis of 

the  need.le. & not touch the orifis of the capillary. 
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. 

Inspecting the  CapiJ-lary 

1. Inspect the capi l lary,  pa r t i cu la r ly  the  o r i f i c e  and o r i f i c e  face, 

t o  determine t h a t  there  a re  no f l a w s  i n  it. 

To inspect  the cap i l l a ry  f o r  loose par t ic les ,  burrs,  hairs ,  etc., 

tinat may r e s u l t  from the  fabricat ion,  use an  op t i ca l  microscope a t  about 

lOOX magnification . 
Determine t h a t  the  o r i f i c e  and cap i l l a ry  face surrounding it have 

sa t i s f ac to ry  geometry by having a photomicrograph of the o r i f i c e  made a t  

3OOX magnification. 

Glass -cmi l la rv  Semen% 

Precision-lapping the  Conical End 

Materials and EauiDment Reauired 

1. Glass Capillary, Sargent S-29419 "2-5 see"; avai lable  from E. H. 

Sargent & Co., Chicago, Ill. ( o r  one of smaller bore). 

2. Lapping Compounds 

a. 

b. 

c.  Cerium oxide. 

Si l icon carbide, g r i t s  Nos. 120 arid 400. 

Aluminum oxide, g r i t  ?To. 600. 

3 .  Beeswax. 

4. Jeweler's Eye Loop, 5X. 

5. Bolmn Holder, model TB-0. 

6. 

7. Benzene. 

Ruler, graduated t o  1/64 in .  

8. Spoon. 

Special  Tools Required 

1. Brass Laps, of t h e  dimensions shown i n  Fig. 8; for use i n  
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CONE A N G L E  = 39Oto 4O0 

Fig. 8. Brass Lap f o r  Lapping Conical End on Glass Capillary. 

lapping t h e  conical.. end on the glass  capi l lary.  

use with each type of lapping conpund. Y'hese are not available commercially. 

Three are needed, one f o r  

Procedure 

1. Check the bore o f  the  (;lass dropping-mercuyy-electrode capi l la ry  

f o r  cleanliness and dryness ( see DISWSSION section, pp. 32-33). 

2. 

3 .  Di.p the  end o f  Lhe capi l la ry  t h a t  i s  to be lapped in to  the  melted 

Melt beeswax i n  a srnall c o n t a i n q  on a hot pla te .  

beeswax t o  a depth o f  - l / l 6  i n .  

i n t o  cap i l la ry  t o  a distance of - 3/32 in . )  

( cap i l l a ry  act ion w i l l  y u l l  beeswax up 

4. Xipe the excess beeswax o f f  the  end of eiie capi l la ry  with a 

cleansing t i s sue .  

5 .  Clamp a Bokwn holder (model Ti3-0) i n  W i e  t o o l  post  of the la the  

aid center toe Bokiim holder by m e a s  of a dowel pin  chucked i n  f i e  c o l l e t  

of the  la the .  

6. Inser t  one of the lapping too ls  i i l  the  Bol im holder but do not 

clamp it in the  holder. 
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7. Remove the dowel pin from the  c o l l e t .  

8.  

meter of the c o l l e t  should be greater  than the  outside diametei- of the  

capi l la ry) .  Wrap the  surface of t he  capi l la ry  t h a t  touches the  c o l l e t  

with paper. Allow a 1-in. length of cap i l l a ry  t o  protrude from the  c o l l e t .  

Chuck the  cap i l l a ry  i n  the  c o l l e t  of the  l a the  ( t h e  ins ide  dia- 

9. Center the  o r i f i c e  of t he  cap i l l a ry  v i t h  respect t o  the  spindle 

of t he  l a the  by shimming with paper around the  capi l lary.  

eye loop and a ruler graduated t o  1/64 i n ,  are usef’ul i n  observing the  

o r i f i c e .  The shinuning causes the  outside of the  cap i l l a ry  t o  t r a v e l  ec- 

cent r ica l ly ,  but the  o r i f i c e  w i l l  t r a v e l  t rue  with the  spindle of the  

la the .  This centering i s  necessary because the  bore of the  capi l la ry  i s  

usua l ly  not i n  the  center of the  cap i l l a ry  tube.) 

( A  gX jeweler’s 

LO. Move the  cross-feed of the latine so t h a t  the posi t ion of the  

cap i l l a ry  with respect t o  the  lapping t o o l  i s  as shown i n  Fig. 9.  

U N C L A S S I F I E D  
O R N L - L R - D W G .  65334 

PAPER) \ 
SHIM CAPILLARY 

Fig. 9. Glass Capil lary and Lap Assembled in Lathe. 

11. Make a water s l u r r y  of g r i t  No. L20 s i l i c o n  car’oide; feed the  

s lu r ry  i n t o  the  cone of the  lapping t o o l  (a  spoon i s  usef’ul). 
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12. Turn on the  lathe; move the  lapping t o o l  toward the  c a p i l l a r y  

u n t i l  t he  tool j u s t  touches the r i m  o f  the  capi l la ry .  By  manually moving 

the lapping t o o l  back and fo r th  ( t h e  lapping t o o l  1~2.11 sl ide back and fo r th  

i n  the  Bokura holder), l a p  the  cap i l l a ry  u n t i l  t he  dimpeter. of the  face o f  

tine end of  tlze c a p i l l a r y  i s  reduced. t o  1/16 i n .  During this phase of the  

lapping, r o t a t e  the lapping t o o l  by hand as the  surface of it becomes 

worn. 'Take caution never t o  l e t  tbe center  o f  -the cap i l l a ry  touch the  

apex of -Lhe cone of the  lapping tool. because the  lapping compound would 

thus be forced i n t o  t,he b o r e  of the  capi l la ry .  

15. Remove t h e  lapping t o o l  from the  Bokum holder; clean t h e  

abrasive o f f  tize c a p i l l a r y  and the  Bokwn holder (a wet cheese c lo th  can 

be used) e 

14. 

15. 

I n s e r t  a new lapping t o o l  i n  t h e  BokLun holder. 

Elake a vaLer s l u r r y  of g r i t  No. 400 s i l i c o n  carbide. Proceed 

again as ins t ruc ted  i n  Steps 11 and 12, t h i s  time t o  reduce the  diameter 

of the face of the  cap i l l a ry  t o  1/32 i n .  

16. Remove the  lapping tool ;  clean the  c a p i l l a r y  and Rokum holder 

as before. 

I.'[. 

18. 

Inse r t  a new lapping t o o l  i n  the  Rokum holder. 

Use a water s l u r r y  of g r i t  No. 600 aluminum oxide t o  Finish l a p  

the  cone of tile cayJil.lary. 

lapping t o o l  i n se r t ed  i n  the  Bokim- holder. 

holder. Holding the  t o o l  i n  the  hand, f i n i s h  l a p  t h e  conical  end of the 

c a p i l l a r y  u n t i l  t he  dimieter of  t he  face i s  0.015 i n .  

Polish t h e  cone of -the c a p i l l a r y  by holding a wad of beeswax 

Lap f o r  a shor t  t i m e  (- 5 minutes) with the  

Remove the  t o o l  from Yi?e Bohnm 

19. 

agains t  it as it turns  i n  the l a t h e  m d  by using a water s l u r r y  of cerium 
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5 

oxide as the  pol ishing agent. 

20. Turn off the lathe, remove the capi l la ry ,  and suspend the cap i l l a ry  

i n  benzene i n  such a way t h a t  the conical  end i s  immersed t o  a depth of 

about 1 i n .  Allow the  cap i l l a ry  t o  remain i n  the benzene u n t i l  the beeswax 

i s  dissolved out.  Rinse the cap i l l a ry  thoroughly with benzene. Check the 

cap i l l a ry  microscopically t o  determine that it i s  free of beeswax. 

Shaping the Upper End of 'cine Capil lary 

1. A f t e r  the conical  end i s  precision-lapped on the  g lass  capi l lary,  

have a glassblower blow out  the other  end t o  form a f'unnel-shaped en t ry  

i n t o  the cap i l l a ry  and seal onto t h a t  end a shor t  length (- 1 in . )  of wide- 

bore glass tubing of the same OD as t he  g lass  c a p i l l a r y (  see Fig. 1). 

Guide Sleeves 

Materials Required 

1. Araldite Epoxy Resin (Ciba CN502) and i t s  Catalyst  (Ciba HN951); 

avai lab le  from Ciba Company, Inc., New York. 

2. Polyethylene Bott les ,  of 1/4-in. l a rge r  I D  than the  OD of the 

blanks desired.  

Preparing the  B l a n k s  

Two blanks are required.  

1. Cut off the  top  of a su i t ab le  polyethylene bo t t l e ,  leaving a 

length s l i @ t l y  longer than the  desired length of the  blank. 

2. Weigh the  b o t t l e .  

3 .  Add Araldite r e s i n  t o  the  b o t t l e  and determine the  weight of  the  

r e s i n  by difference.  

4. Add 1 part by weight of c a t a l y s t  t o  10 p a r t s  of res in . ,  mix the  

r e s i n  and ca t a lys t  thoroughly, and place the  polyethylene container i n  a 
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s,rat,er ba l;h . 
5. 

6. 

Allow the mixture t o  s e t  f o r  a t  l e a s t  1.0 h r  t o  ensure proper curing. 

When the  r e s i n  has cured, remove the blank from the  polyetkkyl-ene 

container by s l i t t i n g  the coiitainer dorm the s ide.  

Machininn the Guide Sleeves 

I. Machine from the  r e s i n  blanks the  two guide sleeves for the  

electrode according t o  The dimensions specif ied i n  Fig. 1. 

Attaching the Upper Guide Sleeve t o  the  Glass Capillary 

1. Attach the  upper guide sleeve t o  the modified glass cap i l l a ry  a t  

the  posi t ion indicated i n  Fig. 1. Use incompletely cured Araldite epoxy 

r e s i n  t o  glue the w i d e  sleeve t o  the  capi l lary;  cure the r e s i n  glue as 

ins t ruc ted  for the  preparation of the  blank. 

ASSEMBLY 

The assembly of the Teflon dropping-mercury electrode cons is t s  i n  

f i rs t  at taching the glass-capi l lary se,yient t o  the  standtube, obtaining 

a sa t i s f ac to ry  flow of  mercury through the  g l a s s  capi l lary,  and then at-  

taching tine Teflon-capil-lary se;ment t o  the Glass-capillary s e p e n t .  The 

attachment of the two segments i s  made a t  some i n s t a n t  diiriny: the  growth 

of a drop of mercury of r e l a t i v e l y  long drop time, t,, i n  order t o  avoid 

entrapment of air  i n  the cap i l l a ry  segments. The procedures follow. 

Attaching the Glass-capillary Segment t o  the  Standtube 

1. Attach the glass-capi l lary s e g e n t  t o  the empty standtube by 

means of a piece o f  Tygon tubing t h a t  has been washed and heat-polished, 

as described below, t o  f r ee  it of burrs and shreds. 

2. F i l l  the  glass-capi l lary segei l t  and the s tmdtube  wi-tn mercury 



i n  the  usual  manner. 

3 .  Check the  performance of the  glass-capi l lary s e p e n t  t o  ensure 

t h a t  it i s  sa t i s fac tory .  

Attaching the Teflon-capillary Segment t o  the Glass-capillary Segment 

Prepare a sect ion of Tygon tubing ( t o  be used i n  f i l l i n g  the  1. 

Teflon seiyient with mercury) as follows: 

a. Cut off  sharply a 1 1/2- t o  2-in. length of 1/4-in. I D  

Tygon tulsiyig. 

b. Rinse the length of tubing i n  a stream of running water 

while rubbing the  ins ide  w a l l  against  i t s e l f  t o  dislodge any shreds of 

Tygon t h a t  might be inside the  tubing. 

c.  Dry the  tubing. 

d. Heat pol ish each end by holding the  end over a hot  p l a t e  

(usua l ly  a t  maximm settinG) until the  cut  surface just be::ii?s t o  flow. 

e .  Exmine the tubing under a microscope (3OX magnification 

i s  sa t i s fac tory)  and determine t h a t  no 'riurrs o r  loose par t i c l e s  of Tygon 

are adhering t o  it. If 'there are  some, remove them with a camel's-hair 

brdsh o r  by mother  r ins ing  i n  a stream of p r a t e r .  

f .  

allow it t o  dry i n  air. 

Rinse the tubing f i n a l l y  with water arid then SJ-itli acetone; 

2. Set  it aside i n  a dust- and l i n t - f r e e  place u n t i l  it i s  

needed. 

2 .  Clean and irispect t he  Teflon se@ent as follows (use p e a t  care 

not t o  m a r  the  o r i f i c e  end of the  t i p ) :  

a.  B y  means of gent le  vacuum, and with the vide end of t he  

segment attached t o  thorcuF&tly cleaned rubber tubing, draw the following 
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Liquids, i n  turn,  up thru  the  segment: conc. HN03, d i s t i l l e d  water, e thy l  

al.coliol-, and acetone. D r a w  a i r  through the  s z p e n t  u n t i l  it i s  dry. 

b. Inspect the  segment carefu l ly  under a ~ ~ C ~ O S C O I J ~  (3OX magni- 

f i c a t i o n  i s  sa t j s fac tory)  t o  de.terniine whether any shreds o r  burrs  of 

Teflon are present; inspect  both the inner  and outer  surfaces. If any 

a re  present, remove t h e m  vit i iout scar r ing  -Lhe segment. 

c .  Reclean and- re impect  the  setment, i f  necessary. Avoid 

handling the  segment d i r e c t l y  with the fin:;ers; othemise,  a f i lm o f  o i l  

w i l l  be deposrited on i t  t h a t  w i l l  l a t e r  be trarisferred to the mercury used 

t o  f i l l .  the  sef-pent. 

d. Set  as ide the  segment i n  a dust- and l i n t - f r e e  place u n t i l  

it i s  needed. 

3.  Clean and inspect  tne  adapter ( t h a t  i s  t o  hold t h e  segment) as 

f O l l O W S  : 

a ,  Rinse t;iie a d a p k r  inside and out  wi-Lh d,ist ; i l led water, ethyl- 

alcohol., and acetone i n  t'nat order.  

b. AII-oTd it t o  a i r  dry. 

e. Inspect it under -the microscope ( 3 O X  magnificati-on i s  satis- 

factory)  f o r  loose p a r t i c l e s .  If any are  present, r i n se  the  adapter i n  a 

stream of water usinc; a caslel-'s-hair brush a t  the  same time to loosen tne  

pa r t i c l e s .  

d. Dry the  adapter; retnspect it. Reclean and r e h s p e c t  i.t, 

i f  nece s sary . 
e .  S e t  it aside ( a n  inverted powder Fdnnel of 1/2-in. diameter 

s m a l l .  opening i s  a coavenient stand t o  hold Vne adapter, espec ia l ly  when 



4. Clean a weighing b o t t l e  (8  14/10, tall-form, 2-in. long, 5/8-in. 

d i m e t e r )  by r ins ing  it w i t h  the  following l iqu ids  i n  the  order given: 

conc. ISN03, d i s t i l l ed  water, e thy l  alcohol, and acetone. A i r  dry the  

weipaing; b o t t l e  and then f i l l  it about half full with t r i p l e - d i s t i l l e d  

mercury (same grade that i s  used i n  the standtube) tinat has been passed 

through a f i l t e r  (gold-adhesion type) . 
5.  F i l l  the  Teflon sepgent with mercury and s e a t  it i n  the  adapter 

as follows: 

a. Attach the  Teflon segment t o  the  Tygon tubing (prepared. a s  

described i n  Step 1 above); a t tach the .tubing t o  the widest end of the  

segment and allow it t o  extend onto the segment t o  a length that i s  about; 

ha l f  the length of the shoulder on the segment. 

b. Immerse the Teflon segment ( o r i f i c e  end down) i n t o  the  

mercury i n  the  weighing bot t le ;  immerse it t o  a depth t h a t  i s  about half 

the length of t he  sement .  

e. Apply very gentle vacuum t o  the unattached end of the  Wjon 

tubing. 

d. P u l l  mercury up through the segment and i n t o  the Tygon 

tubing t o  a l e v e l  of about 3/8 i n .  above the  top of the  s e g e n t .  

e. S t i l l  keeping the  se<pent  under the  surface of t he  mercury, 

re lease  the  vacuum slowly from tine unattached end of YIe tubing; leave the 

other  end of the  tubLng attached t o  the segment. 

f .  W i t h  the Tygon tubing s t i l l  attached t o  the  Teflon se,gment, 

remove the  segment frorn the  mercury and i n s e r t  it i n  tine adapter so t n a t  

the  bottom edge of the Tygon tubing rests on +die top of the  adapter. 

g. Ease the tubing o f f  the  segment, while keeping Tine tubing 
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against  the top of the adapter, i n  such a way that the segment and the 

iiiescury pool  above it fal.1. i n t a c t  down i n t o  the  adap-Ler. 

6. Attach the adapter, segment, and mercury t o  the  glass-capt l lary 

segment as follows: 

a. Se t  the  l e v e l  of mercury i n  the standtube t o  the lowest 

pos i t ion  c 

b. J u s t  a f t e r  a drop of mercury begins t o  form a t  the face of 

the g lass  capi l la ry ,  r a i s e  the adqter-Teflon segmenhercury  assembly up 

under the g lass  c q i l l a r y  i n  order t o  seat .the Teflon segment against  the 

end of tlne g lass  capi l la ry .  

c. Fix the  adapter, and thereby the Teflon segment, i n t o  

posi t ion by lacing a rubber band. (1-in.  length) between t i e  adapter f o r  

the Teflon segment and. the adapter %hat I s  glued t o  the glass capi l la ry .  

Mercury should now drop uniformly from tile Teflon segment. 

d. Do no t  close o f f  the cap i l l a ry  assembly from the  s t a d t u b e ;  

aL1..ow mercul-y t o  flow continuously through the  D .M. E e 

DISCUSSION 

Ike fabr ica t ion  procedure described was u.sed t o  make a s e t  of seven 

Teflon D,M.E.s t o  specif ied o r i f i c e  diameters i n  the  range from l 5  t o  

1.1.0 p; four o f  t h e s e  were two s e t s  of duplicates.  The diameters were 

achieved t o  within +IO w of Ynose desired.  The sa t i s f ac to ry  degree of per- 

fec t ion  of the geometry a t  the  o r i f i c e  i s  indicated by Fig. 10 in which 

photolnicrographs of the o r i f i c e s  of the  20- and 109-11 dianeter  c a p i l l a r i e s  

are compared with t h a t  of a 70-p diajjleter "2-5 sec" Sargent g lass  c a p i l l a y .  

I"ne sa t i s f ac to ry  performance of Teflon D.M.E. s f o r  polarog%.phic work w a s  

proved experimentally. ale r e s u l t s  and the significance o f  the  develop- 

ment of the Teflon U.M.E. a r e  discussed i n  d e t a i l  elsewhere. z 
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Fig. 10. Comparison of the Orif ices  of Teflon D.M.E. Capi l la r ies  
with tha t  of a Glass D.M.E. Capillary. 
from Analytical Chemistry) 

(Reproduced w i t h  permission 

- A. 20-1-1 Teflon 
- B. 70-p Glass 
- C. 109-p Teflon 



The Teflon-capillary seguents can be fabricated s a t i s f a c t o r i l y  only 

i f  carefli l  a t t en t ion  i s  given t o  t n e  d e t a i l s  of t h e  procedui-e. 

the o r i f i c e  w i l l  not be round and the Teflon inmediately surroundinc it 

may be e i t h e r  indented o r  projected; these are geometric conditions that 

a r e  not acceptable f o r  po1arograpb.y. 

f i c a t i o n  (abouL 300X) i s  an inval.imble t o o l  f o r  determining the degree 

of perfectiori echieved i n  the fabr ica t ion  o f  a Tefl-on-capillary segment; 

it was used extensively i n  this work. 

Otherwise, 

Optical  microscopy a t  high ra%gj;ni-* 

The piercing of the face of the cap i l l a ry  by the needle occurs as a 

r e s u l t  of both the  mechmical force t h a t  i s  appl.ied t o  the  needle by means 

of  the screw and the  r e t r ac t ion  of -the Teflon up onto the needle during 

the annealing o f  the capi l la ry .  The distance o f  r e t r ac t ion  was constant 

within the  annealing conditions specif ied.  lit w a s  riot determined f o r  

more than the one type of Teflon used. If a cap i l l a ry  of very small 

o r i f i c e  diameter (L.s., less than 2 0 ~ )  i s  desired, the  r e t r ac t ion  alone 

may be s u f f i c i e n t  t o  produce an orifice l a rge r  Ylzan t h a t  desired, i n  which 

case the  screw i s  turned backward from the z w o  s e t t i n g  r a the r  than forvard. 

The precision w i t h  which the  piercing needles can be lapped i s  in-  

dicated by Fig,  11. l b e  f igure  a l s o  ind ica tes  the i n t e r n a l  shape of the 

c a p i l l a r i e s  s ince t h a t  shape i s  forced t o  be the s m e  as the  shape of the 

needle. 

The lapped surface of t h e  face of the  Teflon cap i l l a ry  b lank  i s  re-  

ta ined throughout the  piercing and anrealing procedures by means of the  

unique j i g  and appurtenances. The e l e c t r i c a l  method f o r  detect ing when the 

needle has j u s t  penetrated the  face of the bla-rk i s  very sens i t ive .  Tile 

needle can be advanced i n  very s m a l l  increments of dis tance by use of a 
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I" 5mm 

B 
Fig. 11. Prof i le  Photomicrographs of Precision-lapped Needles 

Used to Form Teflon-capillary Sewents of O r i f i c e  Diameters in t h e  
R-es Indicated. 48X magnification. 



long lever  t o  tu rn  the  scre~u'. 

mediate1.y surmunding the o r i f i c e  are prevented by the  proper choice of 

mater ia l  (aluminum slieet) . k h a t  i s  i n  contact w i t 1 1  face of the cap i l l a ry  

during the piercing and amieal ing Several. oYtier materials were tried, 

namely, mica, aluminum f o i l ,  and plas t ics ,  and were found t o  be unsa'cis- 

factory because of improper hardness, adhesion t o  the Teflon during ai- 

nealing, o r  irremlar surface. Flatness of' the face of t he  capi l la ry  i n  

.lie i ir iediate v i c i n i t y  of the o r i f i c e  i s  achieved t o  within 8 fev microns. 

The o r i f i c e  dimeters i n  which the Sargent glass  cap i l l a r i e s  are 

avai lable  are not as smll as that which has been achieved for the  Teflon- 

capi lbmy segment. It would seem advisable f o r  the  r a t i o  of the o r i f i c e  

diameter oi' the  glass t o  that of the  Teflon segment t o  be less than one, 

the glass segment thereby being the  rate-control l ing segment, The design 

of the Teflon D.M.E. permits var ia t ion  i n  t h i s  r a t i o .  It may not always 

be possible t o  secure a glass  capi l la ry  of o r i f i c e  diEtlru?.ter smaller than 

t h a t  of the  Teflon capi l lary.  

than one was sa t i s fac tory .  

Cratering and proJection of t he  Teflon i m -  

An asselnbly i n  whPch the r a t i o  was greater  

The attachment of the Teflon-capillary and glass-capi l lary segments 

i s  a somewlia-t c i r i t i c a l  procedure; however, once the segments are attached, 

t he  electrode behaves as i f  it were FZ s ingle  segment, the  mercury flowing 

through it i n .  an unbroken thread as it does i n  a glass-capi l lary D.M.E, 

I n  the  course of t h i s  work, difficul. ty was encountered because the  g lass  

cap iUar i e s  became plugged w i t h  very f ine  glass pa r t i c l e s  dislodged f r o m  

t h e  ~ i m s  of the  cap i l l a r i e s .  The condition of  .the r i m s  of the  cap i l l a r i e s  

resul ted from au? unauthorized deviation introduced i n  the  fabricat ion pro- 

cedure for  segmenting lengths of cap i l l a ry  tubing t o  Tom the  v*2--Lo-5 s e ~ . "  
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lengths provided by the  suppl ier .  

t h a t  the procedure would be corrected. 

cap i l l a ry  contains f ines ,  it w a s  inspected along i t s  e n t i r e  length under a 

microscope. The f ines  could be detected only i f  the cap i l l a ry  were observed 

against  a dark f i e l d  a t  about 30X magnification and i f  it were l igh ted  from 

one end by means of a microscope l i g h t ,  such as the 3ausch & Eomb Lamp 11- 

luminator. If f ines  were present, they were removed by r ins ing  the capi l la ry  

with water, e thy l  alcohol, and acetone; i f  t h i s  procedure did not remove 

them, the cap i l l a ry  was subjected to ul t rasonic  vibrat ion.  Sometimes a 

cap i l l a ry  could not be unplugged. 

used t h a t  i s  not f r e e  of the  pa r t i c l e s .  

Assurance w a s  received from the  suppl ier  

To determine whether 8 glass  

I n  no case should a glass  cap i l l a ry  be 

Effor t s  were made t o  fabr ica te  the  Teflon cap i l l a ry  by molding 

Teflon around a wire of known diameter and a l s o  by piercing a cap i l l a ry  

blank wit& a needle and then heating the  needle. 

successful.  

Neither method w a s  
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