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Ove rvie w of Re fe re nc e  Ele c trode s a nd 

Alte rna tive  Re fe re nc e  Ele c trode s 
Brie f Disc ussio n abo ut Standard and Pse udo  Re fe re nc e  Ele c tro de s 

Pine  o ffe rs no n-a q ue o us re fe re nc e  e le c tro de s (e .g . Pine  Re se a rc h Pa rt # : RRREF0153 o r AKREF0033) fo r 

no n-a q ue o us e le c tro c he mic a l studie s. A re fe re nc e  e le c tro de  with a  we ll-kno wn, sta b le  e q uilib rium 

e le c tro de  p o te ntia l is e sse ntia l to  a c c ura te ly c o ntro l the  p o te ntia l o f a  wo rking  e le c tro de . The  a rtic le  

he re in a ims to  intro duc e  ne c e ssa ry p ro p e rtie s o f ide a l re fe re nc e  e le c tro de s, a nd the n p ro vide s c la rity 

o n ho w to  c o nstruc t a nd e va lua te  the  sta b ility o f va rio us no n-a q ue o us re fe re nc e  e le c tro de s.  

1. Ba c kg round 

1.1 Me a suring  Ele c troc he mic a l Ce ll Volta g e  in a  Two- Ele c trode  Ce ll 

Fo r a n e le c tro d e  re a c tio n to  o c c ur within a n e le c tro c he mic a l c e ll, the re  must b e  a t le a st two  e le c tro d e s; the  

wo rking  e le c tro de  fa c ilita te s e le c tro n tra nsfe r to  the  a na lyte  o f inte re st while  the  c o unte r e le c tro de  ma inta ins 

e le c tro ne utra lity b y p a rtic ipa ting  in a  re a c tio n o f o p p o site  sig n. Tho ug h it is no t p o ssib le  to  me a sure  the  a b so lute  

p o te ntia l o f e a c h e le c tro d e  with c e rta inty, the  c e ll vo lta g e  c a n b e  d e te rmine d  b y me a suring  the  p o te ntia l 

d iffe re nc e  b e twe e n the  two  e le c tro d e s. Thus, a  kno wn vo lta g e  c a n b e  a p p lie d  to  the  wo rking  e le c tro d e  a s a  

d iffe re nc e  o f p o te ntia l b e twe e n it a nd  the  c o unte r e le c tro d e . Ho we ve r, a s vo lta g e  is a p p lie d  to  the  wo rking  

e le c tro d e , a n e le c tric  d o ub le  la ye r a t the  e le c tro d e / so lutio n inte rfa c e  is intro d uc e d  o n b o th e le c tro d e s, c a using  

p o te ntia l c ha ng e s a nd  a n o ve ra ll c ha ng e  in the  ra te  o f Fa ra d a ic  p ro c e sse s a t e a c h e le c tro d e  surfa c e . As a  re sult, 

the  ra te  o f p o te ntia l c ha ng e  a t e a c h e le c tro d e  is unp re d ic ta b le , ma king  it ha rd  to  a c c ura te ly c o ntro l the  p o te ntia l 

o f the  wo rking  e le c tro d e . In a d d itio n, b e c a use  the re  is so lutio n re sista nc e , 𝑅𝑅𝑠𝑠, a  vo lta g e  d ro p  (𝑂𝑂ℎ𝑚𝑚𝑚𝑚𝑚𝑚 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑,𝑉𝑉 = 𝑚𝑚𝑅𝑅𝑠𝑠)  

a c ro ss the  so lutio n is o b se rve d  (se e : Fig ure  1), ind uc ing  furthe r e rro r in c e ll vo lta g e  me a sure me nts. Co nse q ue ntly, to  

a c c ura te ly d e te rmine  c e ll vo lta g e , Ohmic  d ro p  must b e  ne g lig ib le  a nd  o ne  o f the  e le c tro d e s must ha ve  a n 

unwa ve ring  p o te ntia l a t a ll time s. Sinc e  the  p o te ntia l o f the  wo rking  e le c tro d e  is to  b e  c ha ng e d  with re sp e c t to  the  

c o unte r e le c tro d e , a  ha lf-c e ll syste m is c re a te d  fo r the  c o unte r e le c tro d e  whe re  the  c o mp o ne nts within it a re  a t 

hig h c o nc e ntra tio n, a llo wing  the  c o unte r e le c tro d e  to  b e  virtua lly una ffe c te d  b y the  flo w o f c urre nt a nd  its p o te ntia l 

to  re ma in c o nsta nt. A c o unte r e le c tro d e  o f this typ e  is c a lle d  a  re fe re nc e  e le c tro de . Be c a use  the  re fe re nc e  

e le c tro d e ’ s p o te ntia l d o e s no t c ha ng e , e ve ry a p p lie d  vo lta g e  c ha ng e  b e twe e n the  wo rking  a nd  re fe re nc e  

e le c tro d e  is a ttrib ute d  to  the  wo rking  e le c tro d e  (a s lo ng  a s the  Ohmic  d ro p  is ne g lig ib le ). 

1.2 Me a suring  Ele c troc he mic a l Ce ll Volta g e  in a  Thre e - Ele c trode  Ce ll 

In the  simp le st se nse , a  re fe re nc e  e le c tro d e  tha t a lso  func tio ns a s a  c o unte r e le c tro d e  (i.e . the  re fe re nc e  e le c tro d e  

in the  two -e le c tro d e  c e ll) ha s two  inna te  issue s:1  

 During  hig h c urre nt e xp e rime nts like  b ulk e le c tro lysis o r fa st vo lta mme tric  te c hniq ue s, the  ind uc e d  

c o nc e ntra tio n c ha ng e  within the  re fe re nc e  e le c tro d e  is no  lo ng e r ne g lig ib le , a lte ring  the  p o te ntia l o f the  

e le c tro d e  (se e : se c tio n 1.3).  

 Fo r no n-a q ue o us syste ms, it is o fte n d iffic ult to  c o mp le te ly e limina te  Ohmic  d ro p . 

The  intro d uc tio n o f a  third  e le c tro d e  into  the  e le c tro c he mic a l c e ll e a sily mitig a te s the  first p ro b le m; in a  thre e –

e le c tro d e  c e ll, the  e le c tro nic  c irc uit is mo d ifie d  with a  hig h inp ut re sisto r b e twe e n the  wo rking  a nd  re fe re nc e  

e le c tro d e s. As a  re sult, ve ry little  c urre nt flo ws b e twe e n the  wo rking  a nd  re fe re nc e  e le c tro d e s, a nd  the  p o te ntia l o f 

the  re fe re nc e  e le c tro d e  re ma ins una lte re d . The  third  e le c tro d e , c o mmo nly c a lle d  the  a uxilia ry e le c tro de  o r c o unte r 

e le c tro de , the n a c ts to  ma inta in c e ll e le c tro ne utra lity. The  a uxilia ry e le c tro d e  is o fte n p la c e d  in a  se p a ra te  

c o mp a rtme nt, b y me a ns o f a  frit, to  e nsure  tha t a ny e le c tro a c tive  sp e c ie s it p ro duc e s d o  no t re a c h the  wo rking  
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e le c tro d e  a nd  a lte r the  p ro c e ss o f inte re st. The  se c o nd  p ro b le m, Ohmic  d ro p  e rro r, is ha rd e r to  a lle via te . Be c a use  

the  re fe re nc e  e le c tro d e  d o e s no t func tio n to  ma inta in e le c tro ne utra lity in the  thre e -e le c tro d e  c e ll, it c a n b e  p la c e d  

c lo se r to  the  wo rking  e le c tro d e  to  re d uc e  Ohmic  d ro p  b e twe e n the m. While  this will no t c o mp le te ly re d uc e  Ohmic  

d ro p  e rro r, it will he lp  sig nific a ntly. Othe r wa ys to  re d uc e  Ohmic  d ro p  inc lud e  using  a  sma lle r wo rking  e le c tro d e  to  

d e c re a se  the  a mo unt o f c urre nt p a sse d  a nd  inc re a sing  the  c o nd uc tivity o f so lutio n.  

 

Info : 

If the  working  a nd re fe re nc e  e le c trode s a re  pla c e d too c lose  tog e the r, wild 

osc illa tions will oc c ur. If osc illa tions a re  se e n in a  voltammog ra m, slowly move  the  

e le c trode s a pa rt until no osc illa tions a re  se e n 

 

 

Fig ure  1. Ele c troc he mic a l Ce ll Volta g e  a c ross Two- Ele c trode  Ce ll Ada pte d from Za ne llo .1 

 

1.3 Ne rnst Equa tion 

Re fe re nc e  e le c tro d e  re a c tio ns, like  a ll re ve rsib le  e le c tro c he mic a l re a c tio ns, c a n b e  d e sc rib e d  b y e q ua tio n 1, 𝑂𝑂𝑂𝑂 + 𝑛𝑛𝑛𝑛 ⇌ 𝑅𝑅𝑛𝑛𝑑𝑑 ( 1 ) 

whe re  𝑂𝑂𝑂𝑂 a nd  𝑅𝑅𝑛𝑛𝑑𝑑 d e sc rib e  the  o xid ize d  a nd  re d uc e d  sp e c ie s, re sp e c tive ly, a nd  𝑛𝑛 re p re se nts the  numb e r o f 

e le c tro ns, 𝑛𝑛, p a sse d  d uring  the  e le c tro c he mic a l re a c tio n. Whe n 𝑂𝑂𝑂𝑂 a nd  𝑅𝑅𝑛𝑛𝑑𝑑 a re  a t e q uilib rium, the  e q uilib rium 

p o te ntia l o f the  re ve rsib le  e le c tro c he mic a l re a c tio n c a n b e  d e sc rib e d  b y the  Ne rnst e q ua tio n (se e : Eq ua tio n 2),  

𝐸𝐸 = E° +
𝑅𝑅𝑅𝑅𝑛𝑛𝑛𝑛 ln

𝑎𝑎𝑜𝑜𝑜𝑜𝑎𝑎𝑟𝑟𝑟𝑟𝑟𝑟 ( 2 ) 

whe re  𝐸𝐸 is the  p o te ntia l me a sure d , 𝐸𝐸° is the  sta nd a rd  re d uc tio n p o te ntia l fo r the  re a c tio n o f inte re st, 𝑅𝑅 is the  unive rsa l 

g a s c o nsta nt, 𝑅𝑅 is te mp e ra ture , 𝑛𝑛 is the  numb e r o f e le c tro ns tra nsfe rre d  in the  ha lf re a c tio n o f inte re st, 𝑛𝑛 is Fa ra d a y’ s 

c o nsta nt, 𝑎𝑎𝑜𝑜𝑜𝑜 is the  a c tivity o f the  o xid ize d  sp e c ie s in the  re a c tio n o f inte re st, a nd  𝑎𝑎𝑟𝑟𝑟𝑟𝑟𝑟 is the  a c tivity o f the  re d uc e d  

sp e c ie s in the  re a c tio n o f inte re st.  The  a c tivity o f a  sp e c ie s, e .g . 𝑎𝑎𝑜𝑜𝑜𝑜, d e sc rib e s the  re la tio nship  b e twe e n its 

c o nc e ntra tio n ([𝑂𝑂𝑂𝑂]) a nd  a c tivity c o e ffic ie nt (𝛾𝛾𝑜𝑜𝑜𝑜) (se e : Eq ua tio n 3).  
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𝑎𝑎𝑂𝑂𝑜𝑜 = 𝛾𝛾𝑂𝑂𝑜𝑜[𝑂𝑂𝑂𝑂] ( 3 ) 

The  a c tivity c o e ffic ie nt (𝛾𝛾𝑜𝑜𝑜𝑜) a c c o unts fo r no n-id e a l b e ha vio r in the  mixture  o f 𝑂𝑂𝑂𝑂 thro ug ho ut the  e le c tro c he mic a l 

c e ll. If c o nc e ntra tio ns a re  sub stitute d  fo r a c tivitie s, a  mo re  fa milia r fo rm o f the  Ne rnst e q ua tio n e me rg e s (se e : 

Eq ua tio n 4), whe re  𝐸𝐸°′ is the  fo rma l e le c tro d e  p o te ntia l (se e : Eq ua tio n 5).  

𝐸𝐸 = E°′ +
𝑅𝑅𝑅𝑅𝑛𝑛𝑛𝑛 ln

[𝑂𝑂𝑂𝑂]

[𝑅𝑅𝑛𝑛𝑑𝑑]
 ( 4 ) 

 

E°′ = E° +
𝑅𝑅𝑅𝑅𝑛𝑛𝑛𝑛 ln

𝛾𝛾𝑂𝑂𝑜𝑜𝛾𝛾𝑅𝑅𝑟𝑟𝑟𝑟  ( 5 ) 

Sinc e  a ll re fe re nc e  e le c tro de s o p e ra te  a t e q uilib rium, it fo llo ws tha t the ir e q uilib rium p o te ntia ls c a n b e  d e sc rib e d  

b y the  Ne rnst e q ua tio n (se e : Eq ua tio n 4). Co nsid e r the  we ll-kno wn silve r/ silve r c hlo rid e  re fe re nc e  e le c tro d e . The  

silve r c hlo rid e  re a c tio n invo lve s the  a d d itio n o f a n e le c tro n to  so lid  silve r c hlo rid e  to  re ve rsib ly p ro d uc e  so lid  silve r 

a nd  a q ue o us c hlo rid e  io n (se e : Eq ua tio n 6). The  Ne rnst e q ua tio n is use d  to  c a lc ula te  the  e le c tro d e ’ s e q uilib rium 

p o te ntia l (in millivo lts, se e : Eq ua tio n 7), b ut sinc e  the  c o nc e ntra tio ns o f so lid  c o mp o ne nts d o  no t va ry, the  e q uilib rium 

p o te ntia l is sho wn to  b e  d e p e nd e nt up o n the  c o nc e ntra tio n o f c hlo rid e  io n (se e : Eq ua tio n 8). 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴(𝑠𝑠) + 𝑛𝑛 ⇌ 𝐴𝐴𝐴𝐴(𝑠𝑠) + 𝐴𝐴𝐴𝐴(𝑎𝑎𝑎𝑎)
−  ( 6 ) 

 

𝐸𝐸 = E°′ +
𝑅𝑅𝑅𝑅𝑛𝑛 ln

[𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑠𝑠]

[𝐴𝐴𝐴𝐴𝑠𝑠]�𝐴𝐴𝐴𝐴−𝑎𝑎𝑎𝑎� ( 7 ) 

 

𝐸𝐸 = 𝐸𝐸0′ − RT

F
ln[𝐴𝐴𝐴𝐴−] ( 8 ) 

 

2. Non- Aque ous Re fe re nc e  Ele c trode s 

2.1 Re fe re nc e  Ele c trode  Sta bility 

A g o o d  a nd  d e p e nd a b le  re fe re nc e  e le c tro d e  p ro vid e s a  sta b le  p o te ntia l a nd  is no t p ro ne  to  e nviro nme nta l fa c to rs. 

Id e a l re fe re nc e  e le c tro d e s ha ve  the  fo llo wing  c ha ra c te ristic s: 

 A re ve rsib le  re fe re nc e  re d o x p a ir (fa st e le c tro n tra nsfe r ra te ). 

 Go o d  c o nta c t b e twe e n the  re d o x p a ir. 

 

Info : 

Poor c onta c t be twe e n re dox pa irs c a n ma nife st itse lf in ma ny wa ys; sma ll e le c trode  

a re a  diminishe s c onta c t, c onta c t be twe e n re dox pa irs in diffe re nt pha se s re duc e s 

c onta c t (solid- solid c onta c t ha s a  la rg e r e ffe c tive  c onta c t a re a  tha n solid- ion 

c onta c t), a nd unsta ble  loc a l c onc e ntra tions of one  or both spe c ie s re duc e s 

c onta c t. 
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 A sta b le  liq uid  junc tio n p o te ntia l tha t is una ffe c te d  b y te mp e ra ture  o r lo c a l c he mic a l c o mp o sitio n a ro und  

the  frit. 

In p ra c tic e , a ll re fe re nc e  e le c tro d e s ha ve  unsta b le  liq uid  junc tio n p o te ntia ls tha t a re  a ffe c te d  b y te mp e ra ture  a nd  

lo c a l c he mic a l c o mp o sitio n ne a r the  frit. Fo r e xa mp le , the  silve r c hlo rid e  re fe re nc e  e le c tro d e , who se  sho rtha nd  

e le c tro c he mic a l re a c tio n is writte n a s 𝐴𝐴𝐴𝐴|𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴|𝐾𝐾𝐴𝐴𝐴𝐴 (sa tura te d ), is the  mo st wid e ly use d  p ra c tic a l re fe re nc e  

e le c tro d e .  It is a s sta b le  a nd  re lia b le  a s the  sa tura te d  c a lo me l re fe re nc e  e le c tro d e  (𝑆𝑆𝐴𝐴𝐸𝐸, who se  sho rtha nd  

e le c tro c he mic a l re a c tio n is writte n a s 𝐻𝐻𝐴𝐴|𝐻𝐻𝐴𝐴2𝐴𝐴𝐴𝐴2|𝐾𝐾𝐴𝐴𝐴𝐴 (sa tura te d ), b ut no t a s to xic . 𝐴𝐴𝐴𝐴/𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 a nd   𝑆𝑆𝐴𝐴𝐸𝐸 re fe re nc e  

e le c tro d e s suffe r o nly fro m a n unsta b le  liq uid  junc tio n p o te ntia l a ffe c te d  b y te mp e ra ture  a nd  lo c a l c he mic a l 

c o mp o sitio n ne a r the  frit.  In a q ue o us so lutio ns, c ha ng e s in the  liq uid  junc tio n p o te ntia l p ro d uc e  a  d rift o n the  o rd e r 

o f fe w millivo lts o ve r a  p e rio d  o f o ne  ye a r b e c a use  o f the  hig h 𝐾𝐾+a nd  𝐴𝐴𝐴𝐴−c o nc e ntra tio ns.  Ho we ve r, whe n switc hing  

to  no n-a q ue o us syste ms, the  liq uid  junc tio n p o te ntia l c a n b e  ra the r la rg e ; a t the  inte rfa c e  o f two  so lve nts, fo r 

e xa mp le  a t the  a q ue o us|no n-a q ue o us inte rfa c e  o r the  inte rfa c e  o f two  d iffe re nt no n-a q ue o us so lve nts, it c a n b e  

hund re d s o f millivo lts. 

2.2 Modific a tions for Non- Aque ous Re fe re nc e  Ele c trode s 

Whe n the  sta b le  𝐴𝐴𝐴𝐴/𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 re fe re nc e  e le c tro d e  is use d  fo r no n-a q ue o us syste ms, the  e le c tro lyte  insid e  the  𝐴𝐴𝐴𝐴/𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 
re fe re nc e  e le c tro d e  c o mp a rtme nt (sa tura te d  𝐾𝐾𝐴𝐴𝐴𝐴 in wa te r o r a  p o la r o rg a nic  so lve nt) is o fte n d iffe re nt tha n the  

ma in e le c tro lyte  (a  sa lt in no n-a q ue o us so lve nt). Sinc e  the  re fe re nc e  e le c tro d e  is p la c e d  in c lo se  p ro ximity to  the  

wo rking  e le c tro d e  to  re d uc e  Ohmic  d ro p , a ny le a ka g e  o r mixing  o f the  two  e le c tro lyte s c a use s a n unwa nte d  

re sp o nse  a t the  wo rking  e le c tro d e  (se e : se c tio n 1.2). The re fo re , to  a vo id  c o nta mina tio n o f the  ma in e le c tro lyte  b y 

the  re fe re nc e  e le c tro lyte , a  frit is use d ; frits slo w d o wn e le c tro lyte  mixing  time s. Eve n with the  use  o f a  frit, re fe re nc e  

e le c tro d e s use d  fo r no n-a q ue o us syste ms e nc o unte r the  fo llo wing  p ro b le ms: 

 Co nta mina tio n o f the  e xte rna l e le c tro lyte  with wa te r, the  filling  so lutio n so lve nt; de sp ite  using  a  frit, it is still 

p o ssib le  fo r inte rna l re fe re nc e  e le c tro d e  filling  so lutio n to  d iffuse  to  the  e xte rna l e le c tro lyte  so lutio n 

 Frit p o re  p lug g ing .  Due  to  the  inso lub ility o f 𝐾𝐾𝐴𝐴𝐴𝐴 in o rg a nic  so lve nts, p lug g e d  p o re s a re  a  c o mmo n re fe re nc e  

e le c tro d e  p ro b le m.  The  use  o f a  re fe re nc e  e le c tro d e  with p lug g e d  p o re s will o fte n c a use  p o te ntio sta t 

issue s.  Fo r e xa mp le , p lug g e d  p o re s a llo w e xte rna l e le c tro ma g ne tic  fie ld s to  c a use  inte rfe re nc e , re sulting  

in no isy d a ta .  In o the r wo rd s, the  imp e d a nc e  (a c ro ss the  frit inte rfa c e ) o f the  re fe re nc e  e le c tro d e  inc re a se s 

whe n p o re s a re  p lug g e d .  In e xtre me  c a se s, a  c o mp le te ly b lo c ke d  re fe re nc e  e le c tro d e  will re sult in the  lo ss 

o f p o te ntio sta t c o ntro l b e c a use  it lo se s its re fe re nc e  p o int. 

 Re fe re nc e  e le c tro d e  p o te ntia l d rift d ue  to  the  liq uid  junc tio n p o te ntia l a c ro ss the  frit inte rfa c e . 

To  a lle via te  the  e ffe c ts o f the se  c o mmo n p ro b le ms, ma ny me tho d s ha ve  b e e n p ro p o se d , e a c h o f whic h ha s its 

o wn sho rtc o ming s (se e : Ta b le  1). To  illustra te , a  silve r/ silve r nitra te  re fe re nc e  e le c tro d e , who se  sho rtha nd  re a c tio n is 

writte n a s 𝐴𝐴𝐴𝐴|𝐴𝐴𝐴𝐴𝐴𝐴𝑂𝑂3 𝑚𝑚𝑛𝑛 𝐴𝐴𝐻𝐻3𝐴𝐴𝐴𝐴 (10 𝑚𝑚𝑚𝑚)|frit, c a n b e  use d  a s a n a lte rna tive  re d o x p a ir re fe re nc e  e le c tro d e . The  

silve r/ silve r nitra te  re d o x c o up le  is simila r to  a  p rima ry re d o x sta nd a rd .  Ho we ve r, the  silve r/ silve r nitra te  re fe re nc e  

e le c tro d e  suffe rs fro m c e rta in insta b ilitie s; in the  pre se nc e  o f o xyg e n, 𝐴𝐴𝐴𝐴2𝑂𝑂 fo rms a nd  d isrup ts the  𝐴𝐴𝐴𝐴/𝐴𝐴𝐴𝐴+ re d o x p a ir, 

a nd  𝐴𝐴𝐴𝐴+ c a n le a k into  the  ma in c ha mb e r, a ffe c ting  the  e le c tro c he mistry tha t a  re se a rc he r is inve stig a ting .  One  

c a n c o mb ine  the  silve r/ silve r nitra te  re fe re nc e  e le c tro d e  with a  d o ub le  junc tio n (o r sa lt b rid g e ) to  minimize  𝐴𝐴𝐴𝐴+  

le a ka g e , b ut a n inc re a se  in e le c tro d e  imp e d a nc e  will re sult, p o ssib ly le a d ing  to  re fe re nc e  e le c tro d e  insta b ility o ve r 

time . 

The  third  mo d ific a tio n, a  p se ud o  re fe re nc e  e le c tro d e , c o nsists o f a  p ure , fre shly p o lishe d  silve r wire .   The  silve r 

p se ud o  re fe re nc e  e le c tro de  func tio ns b e c a use  a  na tura l o xid e  la ye r fo rms o n the  silve r wire , c re a ting  a  re d o x 

re a c tio n who se  sho rtha nd  no ta tio n is 𝐴𝐴𝐴𝐴|𝐴𝐴𝐴𝐴2𝑂𝑂|frit.  As a llud e d  to  a b o ve , the  silve r/ silve r o xid e  p se ud o  re fe re nc e  

e le c tro d e  d o e s no t ha ve  a  sta b le  a nd  re pro d uc ib le  re d o x p o te ntia l a nd  must the re fo re  b e  c a lib ra te d  using  a n 

inte rna l sta nd a rd .  Fe rro c e ne  is o ne  o f the  mo st c o mmo n inte rna l sta nd a rd s d ue  to  its so lub ility in no n-a q ue o us 

so lve nts a s we ll a s its hig hly re ve rsib le  a nd  we ll-b e ha ve d  kine tic s.  Use rs will o fte n a d d  so lid  fe rro c e ne  to  the ir 

e le c tro c he mic a l c e ll a nd  find  the  p o te ntia l a t whic h its re d o x c ha ra c te r is c le a rly o b se rve d .  The n, a ll o the r 

me a sure me nts a re  ma d e  vs. fe rro c e ne  (who se  re d o x po te ntia l is kno wn a nd  re p o rte d  in the  lite ra ture ).2  O f no te , if 

fe rro c e ne  re d o x p e a ks o ve rla p  with the  a na lyte  re d o x p e a ks, a  d iffe re nt inte rna l sta nd a rd  must b e  use d .  

Ad d itio na lly, c ha ng e s in the  c he mic a l c o mp o sitio n o f the  ma in e le c tro lyte  ma y o c c ur a s e le c tro c he mic a l re a c tio ns 

o c c ur, c a using  a  re fe re nc e  p o te ntia l d rift.  To  p re ve nt this p o te ntia l d rift, it is imp o rta nt to  iso la te  the  silve r wire  with 

a  fritte d  tub e  (se e : se c tio n 3.1).  
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Modific a tion Pros Cons 

Re dox Pa irs tha t a re  Soluble  in Non-

Aque ous Ele c trolyte s 

Re d uc e s p lug g e d  p o re s 

Elimina te s wa te r c o nta mina tio n 

Re d uc e s liq uid  junc tio n p o te ntia l 

Diffic ult to  find  sta b le  re d o x p a irs 

Double  Junc tion Re fe re nc e  

Ele c trode s 

Re d uc e s wa te r d iffusio n ra te  to  

ma in e le c tro lyte  c ha mb e r 

Po re s still b e c o me  p lug g e d  

Re fe re nc e  e le c tro d e  imp e d a nc e  

inc re a se s 

Pse udo Re fe re nc e  Ele c trode s Re d uc e s p lug g e d  p o re s 

Elimina te s wa te r 

Re d uc e s liq uid  junc tio n p o te ntia l 

Ne e d s fre q ue nt c a lib ra tio n 

Ta ble  1. Modific a tions to  Re fe re nc e  Ele c trode s use d for Non- Aque ous Ele c trolyte  

 

3. Non- Aque ous Re fe re nc e  Ele c trode  Kits 

3.1 Ge ne ra l Re fe re nc e  Ele c trode  Construc tion for Non- Aque ous Ele c troc he mistry 

This a p p lic a tio n will fo c us o n re fe re nc e  e le c tro d e s c re a te d  using  a  silve r wire . Pine  Re se a rc h o ffe rs Ag  p se ud o  

re fe re nc e  e le c tro d e s, sta nd a rd  size  (9.5 𝑚𝑚𝑚𝑚 OD) a nd  Lo wPro file  size  (3.5 𝑚𝑚𝑚𝑚 OD).  The  fo llo wing  d isc ussio n a p p lie s 

to  the  b o th e le c tro d e  size s. 

 A g la ss tub e  with a  mo unte d  frit 

 A silve r wire  

 An a ir-tig ht wa y to  mo unt the  silve r wire  

 Ele c tro lyte  so lutio n 

 

Note : 

Onc e  the  frit ha s ma de  c onta c t with e le c trolyte  solution, it must re ma in in c onta c t 

with e le c trolyte  solution a t a ll time s. DO NOT le t the  frit be c ome  dry, a s the  

e le c trolyte  sa lt will c rysta llize  inside  it a nd c ra c k the  frit, re nde ring  it le a ky a nd 

use le ss.  
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Fig ure  2. Sta nda rd Size  (𝟗𝟗.𝟓𝟓 𝒎𝒎𝒎𝒎 OD), Le ft, a nd LowProfile  (𝟑𝟑.𝟓𝟓 𝒎𝒎𝒎𝒎 OD), Rig ht, Ag  Re fe re nc e  Ele c trode  Kits. 

 

 

Tip: 

During  the  c ourse  of a n e le c troc he mic a l e xpe rime nt, e le c trog e ne ra te d produc ts 

c a n de posit on the  re fe re nc e  e le c trode  frit. Allowing  the  frit to  soa k in e le c trolyte  

solution a fte r a n e xpe rime nt se rve s to  c le a n the  frit. Whe n the  fritte d g la ss tube  is 

re move d a t a  la te r time  for a nothe r e xpe rime nt, be  sure  to  re pla c e  the  solution 

inside  the  fritte d g la ss tube  a s we ll a s the  solution inside  the  se a la ble  c onta ine r. 

Doing  the se  two thing s will ke e p the  frit c le a n a nd pre ve nt unwa nte d, pre vious 

e le c trog e ne ra te d produc ts from e nte ring  the  e le c troc he mic a l e xpe rime nt. 

3.2 Spe c ific  Re fe re nc e  Ele c trode s Use d 

This a p p lic a tio n lo o ks to  e xp lo re  the  sta b ility a c ro ss no n-a q ue o us re fe re nc e  e le c tro d e s with va rying  frit c o mp o sitio n, 

g la ss tub e  size  d isp a rity, a nd  e le c tro lyte  filling  so lutio n.  Sp e c ific a lly, two  re fe re nc e  e le c tro d e s ha ve  b e e n re vie we d  

a nd  d isc usse d  in this d o c ume nt:  (A) Lo wPro file  Ag  Pse ud o  Re fe re nc e  Ele c tro d e  with c e ra mic  frit (Pa rt Numb e rs: 

RREF0153 a nd  RREF0153L2); (B) Sta nd a rd  Size  Ag  Pse ud o  Re fe re nc e  Ele c tro d e  with c e ra mic  frit (Pa rt Numb e r: 

AKREF0033).  Se ve ra l va ria tio ns o f e le c tro d e  a nd  filling  so lutio ns ha ve  b e e n inve stig a te d  a nd  re p o rte d  in this 

d o c ume nt (se e : Ta b le  2). 

La be l Filling  Solution Bulk Ele c trolyte  

A1 10 m𝑚𝑚 𝐴𝐴𝐴𝐴𝐴𝐴𝑂𝑂3 in 𝐴𝐴𝐻𝐻3𝐴𝐴𝐴𝐴 𝐴𝐴𝐻𝐻3𝐴𝐴𝐴𝐴 

B1 10 m𝑚𝑚 𝐴𝐴𝐴𝐴𝐴𝐴𝑂𝑂3 in 𝐴𝐴𝐻𝐻3𝐴𝐴𝐴𝐴 𝐴𝐴𝐻𝐻3𝐴𝐴𝐴𝐴 

Pse udo1 𝐴𝐴𝐻𝐻3𝐴𝐴𝐴𝐴 𝐴𝐴𝐻𝐻3𝐴𝐴𝐴𝐴 

A2 10 m𝑚𝑚 𝐴𝐴𝐴𝐴𝐴𝐴𝑂𝑂3 in 𝐴𝐴𝐻𝐻3𝐴𝐴𝐴𝐴 𝐴𝐴𝐻𝐻2𝐴𝐴𝐴𝐴2 

B2 10 m𝑚𝑚 𝐴𝐴𝐴𝐴𝐴𝐴𝑂𝑂3 in 𝐴𝐴𝐻𝐻3𝐴𝐴𝐴𝐴 𝐴𝐴𝐻𝐻2𝐴𝐴𝐴𝐴2 

Pse udo2 𝐴𝐴𝐻𝐻3𝐴𝐴𝐴𝐴 𝐴𝐴𝐻𝐻2𝐴𝐴𝐴𝐴2 

Ta ble  2. Re fe re nc e  Ele c trode  Type  De ta ils. All Ele c trolyte  Solutions Conta in 𝟏𝟏𝟏𝟏𝟏𝟏 𝒎𝒎𝒎𝒎 𝑵𝑵𝑩𝑩𝑩𝑩𝟒𝟒𝑷𝑷𝑭𝑭𝟔𝟔. 
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4. Sta bility Te sts 

4.1 Ope n Circ uit Pote ntia l Te sts 

With a n o p e n c irc uit p o te ntia l (OC P) te st, the  sta b ility o f o ne  re fe re nc e  e le c tro d e  c a n b e  me a sure d  a g a inst a no the r 

re fe re nc e  e le c tro d e . It is we ll-kno wn tha t the  𝐴𝐴𝐴𝐴|𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴|𝐾𝐾𝐴𝐴𝐴𝐴 (sa tura te d )|frit re fe re nc e  e le c tro d e  ha s a  ve ry sta b le  

re d o x p o te ntia l in p o la r so lve nts like  a c e to nitrile ; OCP d o e s no t va ry with time . To  te st the  sta b ility o f the  re fe re nc e  

e le c tro d e s c o nstruc te d  in Ta b le  2, the  𝐴𝐴𝐴𝐴|𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴|𝐾𝐾𝐴𝐴𝐴𝐴 (sa tura te d )|frit re fe re nc e  e le c tro d e  will b e  c o nsid e re d  a  ma ste r 

e le c tro d e  to  whic h the  o the r p o te ntia ls c a n b e  re fe re nc e d . Thus, if a ny va ria tio n is se e n in a  te st re fe re nc e  e le c tro d e  

OCP, it c a n b e  c o ntrib ute d  so le ly to  the  insta b ility within the  te st re fe re nc e  e le c tro de . O f no te , if the  so lve nt p o la rity 

is lo we re d , a  hig h liq uid  junc tio n p o te ntia l d rift will fo rm a t the  a q ue o us/ no n-a q ue o us inte rfa c e , re nd e ring  the  𝐴𝐴𝐴𝐴|𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴|𝐾𝐾𝐴𝐴𝐴𝐴 (sa tura te d )|frit re fe re nc e  e le c tro d e  re d o x p o te ntia l unsta b le . Thus, o nly re fe re nc e  e le c tro d e s tha t 

utilize  a c e to nitrile  fo r b o th the  b ulk e le c tro lyte  so lve nt a nd  re fe re nc e  e le c tro d e  so lve nt (A1, B1, a nd  Pse udo1) c a n 

b e  c o mp a re d  to  the  sta b le  𝐴𝐴𝐴𝐴|𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴|𝐾𝐾𝐴𝐴𝐴𝐴 (sa tura te d )|frit re fe re nc e  e le c tro d e  in this ma nne r to  d e te rmine  the ir 

sta b ility (se e : Ta b le  2) 

Whe n OCP o f re fe re nc e  e le c tro d e s A1, B1, a nd  C1 a re  me a sure d  a g a inst the  𝐴𝐴𝐴𝐴|𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴|𝐾𝐾𝐴𝐴𝐴𝐴 (sa tura te d )|frit re fe re nc e  

e le c tro d e , it is fo und  tha t a ll thre e  e xhib it sta b le  p o te ntia ls with a  d rift ra te  o f le ss tha n 0.3 𝑚𝑚𝑉𝑉/𝑚𝑚𝑚𝑚𝑛𝑛  

(se e : Fig ure  4). Thus, fo r the  d iffe re nt frits te ste d  he re in (mini-c e ra mic , fine  g la ss, o r c e ra mic ), the re  is no  sig nific a nt 

imp a c t o n the  sta b ility o f the  re fe re nc e  e le c tro d e . 

Re c a ll tha t the  sho rtha nd fo r A1, B1, a nd  C1 is  𝐴𝐴𝐴𝐴|𝐴𝐴𝐴𝐴𝐴𝐴𝑂𝑂3 𝑚𝑚𝑛𝑛 𝐴𝐴𝐻𝐻3𝐴𝐴𝐴𝐴 (10 𝑚𝑚𝑚𝑚)|frit. The  lite ra ture  va lue  fo r 𝐴𝐴𝐴𝐴|𝐴𝐴𝐴𝐴𝐴𝐴𝑂𝑂3 𝑚𝑚𝑛𝑛 𝐴𝐴𝐻𝐻3𝐴𝐴𝐴𝐴 (10 𝑚𝑚𝑚𝑚)|frit vs. 𝐴𝐴𝐴𝐴|𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴|𝐾𝐾𝐴𝐴𝐴𝐴 (sa tura te d )|frit is 345 𝑚𝑚𝑉𝑉. All thre e  re fe re nc e  e le c tro d e s a re  within 

± 10 𝑚𝑚𝑉𝑉 o f the  lite ra ture  va lue , supp o rting  tha t a ll thre e  a re  sta b le  re fe re nc e  e le c tro d e s. The  Pse udo1 re fe re nc e  

e le c tro d e  ha s sho rtha nd no ta tio n 𝐴𝐴𝐴𝐴|𝐴𝐴𝐴𝐴2𝑂𝑂|frit. Re c a ll tha t the  silve r/ silve r o xid e  re a c tio n d o e s no t ha ve  a  sta b le  

re d o x p o te ntia l. Thus, whe n the  OCP o f Pse udo1 is me a sure d  a g a inst the  𝐴𝐴𝐴𝐴|𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴|𝐾𝐾𝐴𝐴𝐴𝐴 (sa tura te d )|frit re fe re nc e  

e le c tro d e , la rg e  p o te ntia l d rifts a re  initia lly se e n (~5 𝑚𝑚𝑉𝑉/𝑚𝑚𝑚𝑚𝑛𝑛) until it sta b ilize s (se e : Fig ure  5). The re fo re , it is imp e ra tive  

to  le t p se ud o  re fe re nc e  e le c tro d e s e q uilib ra te  in so lutio n fo r a t le a st a n ho ur b e fo re  use .  

 

Fig ure  3. Re la tive  Sta bility of Re fe re nc e  Ele c trode s A1, B1, a nd C1 with re spe c t to  the  𝑨𝑨𝑨𝑨|𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨|𝑲𝑲𝑨𝑨𝑨𝑨 (sa tura te d)|frit. 
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Fig ure  4. Re la tive  Sta bility of Pse udo1 Re fe re nc e  Ele c trode  with re spe c t to  the  𝑨𝑨𝑨𝑨|𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨|𝑲𝑲𝑨𝑨𝑨𝑨 (sa tura te d)|frit. 

 

4.2 Fe rroc e ne  Cyc lic  Volta mme try Te sts 

OCP te sts o p e ra te  und e r a  ke y a ssump tio n: the  p o te ntia l o f o ne  o f the  re fe re nc e  e le c tro d e s d o e s no t d rift. 

The re fo re , while  it is p o ssib le  to  e sta b lish re la tive  sta b ility b e twe e n two  re fe re nc e  e le c tro d e s with a n OCP te st, it is 

no t p o ssib le  to  te ll if b o th e le c tro d e s a re  d rifting  a t the  sa me  ra te . A c yc lic  vo lta mme try (C V) te st using  fe rro c e ne  

c o mp lime nts OCP te sts. Fe rro c e ne  und e rg o e s a  re ve rsib le , o ne  e le c tro n o xid a tio n to  fo rm fe rro c e nium  

(se e : Eq ua tio n 9). The  p o te ntia l a t whic h the  o xid a tio n o c c urs is re la tive ly c o nsta nt, ma king  a n ind e p e nd e nt 

c he mic a l te st fo r the  re fe re nc e  e le c tro d e ’ s d rift (i.e . if the  o xid a tio n p e a k d rifts b e twe e n CVs, it is a ttrib ute d  to  the  

d rift in the  re fe re nc e  e le c tro d e ).  

𝑛𝑛𝑛𝑛(𝐴𝐴5𝐻𝐻5)2 ⇌  𝑛𝑛𝑛𝑛(𝐴𝐴5𝐻𝐻5)2+ + 𝑛𝑛− ( 9 ) 

Fe rro c e ne  (10 𝑚𝑚𝑚𝑚) is a d d e d  to  the  b ulk e le c tro lyte  so lutio ns p re vio usly sho wn in Ta b le  2. Cyc lic  vo lta mmo g ra ms a re  

o b ta ine d  b y using  a  p la tinum c o il a s the  wo rking  e le c tro d e , a  c o unte r e le c tro d e  (Pine  Re se a rc h Pa rt # : AFCTR5), 

a nd  a  te st re fe re nc e  e le c tro d e  (se e : se c tio n 6 fo r e xp e rime nta l se tup ). Fe rro c e ne ’ s o xid a tive  p e a k p o te ntia l is the n 

me a sure d  a s a  func tio n o f time  fo r e a c h re fe re nc e  e le c tro d e .  

Whe n the  b ulk e le c tro lyte  so lutio n so lve nt is a c e to nitrile , the  d rift o f the  𝑨𝑨𝑨𝑨|𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨|𝑲𝑲𝑨𝑨𝑨𝑨 (sa tura te d)|frit is re ma rka b ly 

lo w, le ss tha n 0.01 𝑚𝑚𝑉𝑉/𝑚𝑚𝑚𝑚𝑛𝑛 (se e : Fig ure  6). All thre e  𝐴𝐴𝐴𝐴|𝐴𝐴𝐴𝐴𝐴𝐴𝑂𝑂3 𝑚𝑚𝑛𝑛 𝐴𝐴𝐻𝐻3𝐴𝐴𝐴𝐴 (10 𝑚𝑚𝑚𝑚)|frit re fe re nc e  e le c tro d e s (A1, B1, C1) 

ha ve  d rift ra te s o f le ss tha n 0.1 𝑚𝑚𝑉𝑉/𝑚𝑚𝑚𝑚𝑛𝑛, sug g e sting  g re a t sta b ility a s we ll. Ho we ve r, re c a ll fro m se c tio n 1.2 tha t the  

p o te ntia l o f the  wo rking  e le c tro d e  is me a sure d  a g a inst the  re fe re nc e  e le c tro d e , a nd  tha t the  re fe re nc e  e le c tro d e  

p o te ntia l re lie s o n its sta b le  re a c tio n e q uilib rium. Sinc e  the  sta b le  re a c tio n e q uilib rium in A1, B1, a nd  C1 is the  

re ve rsib le  o xid a tio n o f silve r to  silve r nitra te , fe rro c e ne ’ s o xid a tio n p o te ntia l sho uld  o c c ur a t the  sa me  p o te ntia l fo r 

a ll thre e  re fe re nc e  e le c tro d e s. Ho we ve r, to  a c c o mmo d a te  the  mini-c e ra mic  frit A1, a  d iffe re nt wo rking  e le c tro d e  

is use d  a nd  p ro d uc e s a n o xid a tio n p e a k p o te ntia l d iffe re nc e  o f ~50 𝑚𝑚𝑉𝑉 (se e : Fig ure  9). While  the  re la tive  o xid a tio n 

p e a k p o te ntia l b e twe e n A1 d iffe rs fro m B1 a nd  C1, the y a re  a ll still ve ry sta b le  within the  sa me  d a ta  se rie s. Fina lly, 

b y wa iting  a t le a st te n minute s a fte r Pse udo1 wa s c o nstruc te d , its d rift ra te  is re d uc e d  to  le ss tha n 0.2 𝑚𝑚𝑉𝑉/𝑚𝑚𝑚𝑚𝑛𝑛. 
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Fig ure  5. Oxida tion Pe a k Position of Fe rroc e ne  with Va rying  Re fe re nc e  Ele c trode s in Ac e tonitrile . 

 

 

Fig ure  6. Oxida tion Pe a k Position of Fe rroc e ne  with Va rying  Re fe re nc e  Ele c trode s in Dic hlorome tha ne . 
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Whe n the  b ulk e le c tro lyte  so lutio n is d ic hlo ro me tha ne , the  sta b ility o f the  𝑨𝑨𝑨𝑨|𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨|𝑲𝑲𝑨𝑨𝑨𝑨 (sa tura te d)|frit is g re a tly 

lo we re d  d ue  to  the  hug e  junc tio n p o te ntia l d rift ind uc e d  a t the  wa te r/ d ic hlo ro me tha ne  inte rfa c e  (se e : Fig ure  7). 

The  d rift ra te s o f A2, B2, C2, a nd  Pse udo2 a re  le ss tha n 0.2 𝑚𝑚𝑉𝑉/𝑚𝑚𝑚𝑚𝑛𝑛, sug g e sting  stro ng  sta b ility. 

4.3 Conc luding  Sta bility Re ma rks 

While  la rg e  d rifts (1 𝑚𝑚𝑉𝑉/𝑚𝑚𝑚𝑚𝑛𝑛) a re  c e rta inly d ue  to  the  insta b ility o f a  re fe re nc e  e le c tro d e , the  o rig in o f sma ll d rifts (le ss 

tha n 0.2 𝑚𝑚𝑉𝑉/𝑚𝑚𝑚𝑚𝑛𝑛) o b se rve d  in b o th a c e to nitrile  a nd  d ic hlo ro me tha ne  is no t c le a r. It c a nno t b e  e xc lud e d  tha t 

fe rro c e ne  re d o x c he mistry und e rg o e s sub tle  c ha ng e s a s re p e titive  CV sc a ns a re  p e rfo rme d . In o the r wo rd s, the  d rift 

c o uld  b e  d ue  to  a  shift in the  o xid a tio n p o te ntia l c a use d  b y c ha ng e s in surfa c e  e le c tro c he mistry o r the  surfa c e  

sta te  o f the  e le c tro d e . In a d d itio n, the  o xid a tio n pro d uc t fe rro c e nium is le ss sta b le  in o rg a nic  so lve nt; a  thin film o f 

fe rro c e nium sid e  re a c tio n p ro d uc ts c a n b lo c k the  e le c tro d e  surfa c e , c a using  c ha ng e s to  the  p e a k p o sitio n. 

The  mo st sta b le  no n-a q ue o us re fe re nc e  e le c tro d e  is  𝑨𝑨𝑨𝑨|𝑨𝑨𝑨𝑨𝑵𝑵𝑶𝑶𝟑𝟑 (𝟏𝟏𝟏𝟏 𝒎𝒎𝒎𝒎) 𝒊𝒊𝒊𝒊 𝟏𝟏𝟏𝟏𝟏𝟏 𝒎𝒎𝒎𝒎 𝑵𝑵𝑩𝑩𝑩𝑩𝟒𝟒𝑷𝑷𝑭𝑭𝟔𝟔 𝑨𝑨𝑯𝑯𝟑𝟑𝑨𝑨𝑵𝑵|frit  with a  d rift 

ra te  o f le ss tha n 0.1 𝑚𝑚𝑉𝑉/𝑠𝑠. It is re c o mme nd e d  tha t a  no n-a q ue o us re fe re nc e  e le c tro d e  b e  c a lib ra te d  d a ily using  a  

kno wn re d o x p a ir suc h a s fe rro c e ne  in a  sta nd a rd  so lutio n (1 − 5 𝑚𝑚𝑚𝑚 fe rro c e ne  in 100 𝑚𝑚𝑚𝑚 𝐴𝐴𝐵𝐵𝐵𝐵4𝑃𝑃𝑛𝑛6 𝐴𝐴𝐻𝐻3𝐴𝐴𝐴𝐴). While  

the  silve r/ silve r nitra te  re fe re nc e  e le c tro d e  is the  mo st sta b le , re se a rc he rs must e xe rc ise  c a utio n whe n using  it. Sinc e  

silve r io ns a re  so lub le  in a c e to nitrile , the y c a n p a ss thro ug h the  frit a nd  c o nta mina te  the  b ulk so lutio n. To  minimize  

silve r io n le a ka g e , a  d o ub le  junc tio n c a n b e  use d . Ne ve rthe le ss, in c e rta in a p p lic a tio ns like  the  stud y o f hyd ro g e n 

e vo lutio n c a ta lysis, e ve n a  sma ll a mo unt o f silve r io n c o nta mina tio n shifts the  a c id  re d uc tio n p o te ntia l, c o nvo luting  

d a ta  o b ta ine d  fo r the  c a ta lyst o f inte re st.3 In the se  insta nc e s, it is b e tte r to  use  a  p se ud o  re fe re nc e  e le c tro d e . A 

p se ud o  re fe re nc e  e le c tro de  will no t c o nta mina te  the  b ulk e le c tro lyte  so lutio n. It d o e s, ho we ve r, e xp e rie nc e  g re a te r 

p o te ntia l d rift. To  a c c o unt fo r this, the  p se ud o  re fe re nc e  e le c tro d e  sho uld  b e  a llo we d  to  e q uilib ra te  fo r a t le a st a n 

ho ur b e fo re  use  a nd  re fe re nc e d  to  a n inte rna l sta nd a rd  like  fe rro c e ne . If p o ssib le , the  re d o x p e a ks o f fe rro c e ne  

sho uld  b e  inc lud e d  o n e a c h c yc lic  vo lta mmo g ra m ta ke n, o r me a sure d  d ire c tly a fte r a  line a r swe e p  e xp e rime nt. 

5. Re fe re nc e s 

 Za ne llo , P. Ino rg a nic  Ele c tro c he mistry: The o ry, Prac tic e , a nd Ap p lic atio n; The  Ro ya l So c ie ty o f Che mistry: 

Ca mb rid g e , UK, 2003. 

 Pa vlishc huk, V. V; Ad d iso n, A. W. Ino rg a nic a  Chim. Ac ta  2000, 298, 97. 

 Mc Ca rthy, B. D.; Ma rtin, D. J.; Ro untre e , E. S.; Ullma n, A. C .; De mp se y, J. L. Ino rg . Che m. 2014, 53, 8350. 
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6. Appe ndix: Expe rime nta l Se tup 

To  c o nd uc t e le c tro c he mic a l me a sure me nts, a n e le c tro c he mic a l c e ll (Pine  Re se a rc h Pa rt # : AKCELL1) with five  p o rts 

wa s utilize d  (se e : Fig ure  8). Fo r the  Fe rro c e ne  Cyc lic  Vo lta mme try Te sts, o ne  p o rt wa s use d  fo r a  c o unte r e le c tro d e  

(Pine  Re se a rc h Pa rt # : AFC TR5), o ne  fo r a  wo rking  e le c tro d e  (30 𝑚𝑚𝑚𝑚 Pt c o il with 0.5 𝑚𝑚𝑚𝑚 d ia me te r), a nd  the  o the r 

thre e  p o rts fo r re fe re nc e  e le c tro d e s (Typ e  (B)—fine  g la ss frit, Typ e  (B)—Pse ud o  fine  g la ss frit, a nd  Typ e  (C)—sta nd a rd  

size  c e ra mic  frit).  Fo r the  O p e n C irc uit Po te ntia l Te sts, thre e  o f the  p o rts we re  use d  fo r the  wo rking  e le c tro d e  (Typ e  

(B)—fine  g la ss frit, Typ e  (B)—Pse ud o  fine  g la ss frit, a nd  Typ e  (C)—sta nd a rd  size  c e ra mic  frit) while  the  re fe re nc e  

e le c tro d e  (𝑨𝑨𝑨𝑨|𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨|𝑲𝑲𝑨𝑨𝑨𝑨 (sa tura te d)|frit) o nly o c c up ie d  o ne  p o rt. The  c o unte r e le c tro d e  re ma ine d  the  sa me  (Pine  

Re se a rc h Pa rt # : AFC TR5). 

 

Fig ure  7. Ele c troc he mic a l Ce ll (AKCELL1). 
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In o rd e r to  te st the  sta b ility o f the  mini-c e ra mic  frit (Typ e  (A)), a no the r se tup  wa s utilize d  tha t use d  a  sc re e n-printe d  

e le c tro d e  fo r its wo rking  a nd  c o unte r e le c tro d e s (se e : Fig ure  9). 

 

Fig ure  8. Mini Ele c troc he mic a l Ce ll Se tup 

7. Support 

If yo u ha ve  a ny q ue stio ns o r wo uld  like  to  inq uire  a b o ut the  a va ila b ility o f the  e le c tro d e s d e sc rib e d  in this d o c ume nt, 

p le a se  c o nta c t us via  the  me a ns p ro vid e d  b e lo w: 

7.1 Ema il 

Re a c h us b y e ma iling  the  e ntire  sa le s d e p a rtme nt:  p ine wire @ p ine inst.c o m. 

7.2 We bsite  

The re  is a  c o nta c t us fo rm o n o ur we b site .  The re  ma y a lso  b e  a d d itio na l re so urc e s (suc h a s Yo uTub e  vid e o s) fo r 

so me  o f the  p ro d uc ts me ntio ne d  he re : http :/ / www.p ine re se a rc h.c o m 

mailto:pinewire@pineinst.com
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