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Differential  pulse  voltammetric  determination  of  uric  acid  at  nanogold  modified  indium  tin  oxide (ITO)  electrode 


Rajcndra N Goyal*, Munclaka  Oyama". Aditi Sangal & Sudhanshu  P Singh 


Department  of Chemistry. Indian Institute of Technology Roorkee. Roorkee 247667. India 
 Email: rngeyfcy@iitr.ernet.in 


"Division of Research Initiatives, International Innovation Center,  Kyoto University. Sakyo-ku. Kyoto 606-8501.  JapJn 
 /?eceil'ed  15 Decelllber 2004 


The determination of  uric  acid  has been carried out  at pH 7.2 (p = 0.1 M) at nanogold modified indium tin oxide 
 electrode by differential pulse voitallllnetry in absence  and  presence of ascorbic acid and other common interferents. A  well 
 -defined oxidation peak has been observed at around 840 mV vs Ag/AgCl electrode for uric acid at pH 7.2. The  plot of peak 
 current versus concentration plot  is linear  in  the range 0.5 - 100 pM with a correbtion coefficient of 0.995 and  a sellsitivity 
 of 0.0004 nA/IllM. The detection limit no) is found  to be 0.5 ~lM.  Ascorbic  acid in concentralions lower  than  10  pM docs 
 not  interferc. whereas. at higher concentrations it  interferes.  Xanthine. hypoxanthine and adcnine do not  interfere  even at 
 eight-fold c\cess. The method is simple and convenient with the only limitation that the electrode cannot be  lIsed more than 
 eight times. 


IPC Code: lilt. CI7 13X213: C2513: GOI  27/00: HOIM4/48 
 Uric acid  (2,6.8-trihydroxypurine, UA) is the primary 
 end  product  of  purine  metabolism  in  thc  human 
 system.  The normal concentration  range of uric acid 
 in  blood serum  is reported  to  be in the range 4.1- 8.8 
 mgll 00  ml.  The excretion of  uric acid occurs mainly 
 through  urinel.) and its concentration varies bctween 
 250  mg/24h  and 750 mg/24h.  The presence  of  higher 
 than  normal  UA  concentration  leads  to  various 
 diseases and  physiological  disordcrs.  Excess  of  uric 
 acid  may  be  indicatcd  by  leukemia,  gout, 
 hyperuricemia, pneumonia and  renal failureu


-s. 
 A  relationship  between  serum  uric  acid  and 
 cardiovascular  disease  has  bcen  shown  In 
 I lypertensl ve '  patients', , 0111  U' nc aCI 'd' IS a so I  emp oye I  d 
 as a clinical  marker  for  renal  dysfunction",  Kidneys 
 have also been  found  to be affected  by excess uric 
 acid  deposition in kidney tubules'2  The excretion of 
 uric acid through  urine has been  reported  to continue 
 at a steady  rate even during starvation  and  during a 
 purine-free  diet  due to  endogenous  (tissue)  purine 
 metabolism. Ingestion  of foods high in nucleoprotein 
 produces  a  marked  increase  in  uric acid excretion. 


High  concentration of uric  acid in  humans for  a long 
 time has  been  reported  to lead  to  high  risk of diabetes 
 mellitus with  abnormal  glucose  tolerancel.1.  On  the 
 other  hand,  uric  acid  is an  important  antioxidant 
 present  in  human  plasma  and  is involved  in  many 


pathological  changes  and  damage  recovery'~ 15  In 
 view of the  diseases caused  by a highcr concentration 
 of  uric acid in  blood  and  plasma.  the monitoring of 
 uric  acid  conccntration  In  biological  fluids  IS 
 essential. 


Various methods have becn employed  for  uric  acid 
 analysis  in  body  fluids.  VIZ.,  colorimetric. 


electrochemical,  spectrophotometric  methods  usi ng 
 HPLC  and  chemiluminescenceI6-1


'>'  However.  as 
 electrochemical  techniques  are  more  selective.  less 
 costly and  less time-consuming they have been widely 
 used  for the determination of uric  acid  in  body fluids. 


Carbon  nanotubes-modi fied-electrociescli


.  electro-
 chemically pre-treated carbon paste electrodes21• gold 
 nanoparticles modified glassy carbon electrocles22 and 
 nafion-coated  glassy  carbon  electrode",1 have  been 
 developed  for  the selective  determination  of  UA, 
 Different approaches have  been  attempted  to solve the 
 problem of interference during determination or  uric 


'd211?4"5  L  d  '  I"  ,  I b 


aCI  ,- '-.  ow  etectlon  Iml ts are reqUl rec  ecausc 
 of the low concentration of UA in biological systcms. 


As  electrodes  modi fied  usi ng  nanoparticles  show 
 cnhanced conducti vi ty, faci I i tates the electron  transl'cr 
 and  improves  the  analytical  sensitivity  and 


I  "  16 "7  h  b  d  I  ' 


sc ectlvlty- ,- , an  attempt  as  een  ma  e  lcreln  to 
determine UA  at gold  nanoparticles-modified indium 
tin  oxide  (ITO)  electrode  using  differential  pulsc 
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vo
ltammetric  tec hnique  at  physiologica l pH  7,2,  Gold 


.  '8  29 



nanopartlcles- and  carbo n  nanotubes  are  the  most  popular  mat erial
s to  be  attached on electrodes.  Due  to  th e  small  size  of  gold  nanoparticles  conducti ve  material  co mes  into  close  vicinity  of  the  activ e  process  and  provides  improved  electroc atalytic  activity  that  can  be  utili zed  in  biosensor  dev ices
27 In  the  presenl  paper,  we  prese nt  a  relatively  simpl e  di fferential  pulse  voltammetric  method  for  the  sensitive  determination  of  uric  acid  on  go ld  nanoparti cles-Illodifi ed  indium  tin  oxide  (ITO)  electrode  at  physiological  pH  of  7.2.  The  elect rode  has  a  stron g  cata lytic  function  towards  the  ox idati on  of UA. Th e  voltammetric  respo nse  of uric  acid  in  the  presence  of  other  biologically  co mmon  interferents  has also  been studi ed. 


Materials and  Methods 



Uric  acid,  ascorbic  ac id,  adenine,  xanthine  and  hypoxa nthin e  were  purchased  from  Sigma,  USA.  All  these  compounds  were  used  w ithout  further  purification .  Pho
sphate  buffer  solutions  (f.!=0.1 
 M) 
 were  prepared  according  to  th e  method  of  Chri st ian  and  Purdy'°.  All  oth er  reagents  used  were  of  ana lytical  grade.  All  soluti ons  were  prepared  in  doubly distilled  water. 



Scanning  electron microscopi c  image  was  obtained  with  a  field  emission  SEM  in strument  (JSM 
-7400 F,  Jeo l  Japan ).  The  differential  pulse  voltammetric  experim ents  were  performed  on  BAS  (Bioan alytica l  Systems,  West  Lafayette.  IN.  USA)  CV -50W  vo ltammetric  analyze r.  The  electrochemical  measurements  were  carried  out  in  a  single- co mpartment  three-electrode  glass  ce ll  with  a  gold  nanoparticl es- mod ified  ITO  electrode  as  the  working 


Fig.  I - Typical  FE-SEM  image 
or 
Ihe  gold  nanoparticlcs-
 Illodi fiecl ITO electrode. 


electrode,  a  platinum  wire  as  count er  electrode  and 

 Agi AgCl  electrode as refere nce electrode (model  M 
F-
 2052  RB-5B ).  Go ld  nanoparticles  mod ifi ed  ITO  electrodes  were  prepared  by  the  method  reported  in  the  literature, J  All  expe riments  we re  carri ed  out  at  an  ambient  temperature of 25  ±  2 
DC. 


A  stock  sol uti on of uri c  acid  (2  mM)  was  prepared  in  doubl y  distilled  water.  An  aliquot  (2  ml
) of  th
e 
 stock  so lution  was  mi xed  with  2  ml  of  phosphate  buffer  so luti on 
 (~l  =  0.1 
 M,  pH  =  7.2)  and  th
e 
 differential  pulse  vo ltammogram s  were  recorded.  The  param eters  used  for  reco rdi ng  the  vo l  tammograms  were  as  follows:  Pulse  amplitude  5  mY
;  Sample  width:  2  ms;  Pulse  width:  5  ms;  Pulse  period:  200  ms; 



Initial  E:  200 
m\l; Final  E: 
 LOOO mV;  Scan  rate :  20 

 mV/s;  Sensitivity:  100  nAN.  Uric  acid  has  been  reported  to  adsorb at th e surface  of pyrolytic grap hit e,  gla ssy  carbo n  and  platinum  electrodes  and  th erefore  the  e lectrod e  was  kept  at  ze ro  volts  vs
. Ag/AgCl 
 elec trode  in  buffer soluti on for  30-40 s after recOl'd illg  each  voltammograll1. 


Results and Discussion 



The  typical  s urface  i  mage  of  nanogo ld  modi rieel  electrode  observ ed  usin g  a  field-emi
ssion  type 

 scanning electron  microscopy  (FE-S
EM) is  shown  in  Fig.  I.  It  is  recog nized  that  gold  nanospheres  and  nan orods  are  attached  over  th e  surface  of  th e  ITO  cry stals,  and  effect ively  modified.  Differential  Pul
se 
 Voltammetric  ( DPV )  stud y  of  UA  was  initi all
y 
 carried  out  on  bare  ITO  electrod
e  at  various  pH  va lues.  In  some  cases,  a  broad  bump  was  obse rved. 



The  Ep  of thi s  bump  was  centered  around  1040  mV. 



which  was  not  very  clear  spec ial
ly below  pH 7.2. 



However,  when  simil ar  st udi es  were  carri ed  our  on  go ld  nanopartic les-mod ifi ed  ITO  el
ectrode, a 
sharp 


o  1000 


Potential,mV vs. Ag I Agel 


rig. 2 - A typical di ITerential pulse voitalllillograill of 25 ~tM uric 
acid aJ n<Inogold-lllodifiedITO electrode at pH 7.2. 
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peak was  observed. The  peak  potential of  this peak 
 shifted to less positive  potential  with  increase in pH. 


At pH  7.2, several voltammograms  were recorded  and 
 the  Ep of well-defined peak was  found  as 840 
± 
10 
 mV Vs. Ag/AgCl electrode. The dEI/dpH of the  linear 
 Ep vs.  pH  plot was 58  mY/pH. The shift  of peak 
 potential (ca. 200 mV) to less positive potentials at 
 pH 7.2  with  increased peak  current  indicates that  the 
 oxidation  of  UA  is  catalyzed  at  the  gold 
 nanoparticles-l11odified  ITO  electrode.  A  typical 
 differential  pulse  voltammogram  of  UA  at  gold 
 nanoparticles-l11odi fied  electrode  is  presented  in 
 Fig.  2.  As  we  were  basically  interested  in  the 
 physiological pH range, we  focused  our studies in  the 
 pH range 6- 8. 

It was found during  voltammetric experiments that 
 peak current  increases with increase in concentration 
 of  UA  solution. The  current  versus concentration 
 graph was I i near  in  the  concentration  range 0.5-100 


~lM as  presented  in  Fig.  3.  Thus,  uric acid  can  be 
 safely estimated in  this range  at gold nanoparticles-
 modified  ITO electrode.  The  linear dependence  of 
 peak current on the concentration of uric  acid can be 
 expressed by  the relationship: 


ip(nA) = OAI2 C. where C is in ~M/L  ... (I) 
 with  correlation  coefficient  0.995  and  sensitivity 
 0.0004 nA/mM. 


The linear behaviour of i" versus  concentration In 
 the range  0.5-1 00 ~lM further  indicates  that  I n  the 
 case of  gold  nanoparticles-l11odified  ITO electrode, 
 the process  IS basically diffusion controlled  and not 
 adsorption  controlled  III  the  concentration  range 
 studied at pH 7.2. 


Modification or  indium  tin oxide  surface by gold 
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Fig. 3  --Observed dependence  of  peak current on conccntr'ation 
 of uric acid at pH 7.2 at  nanogold-modified ITO clectrode. 


nanoparticles remarkably  improves the reactivity of 
 ITO electrode towards  uric acid  and  ascorbic acid 
 oxidations.  Thus,  by  using  gold  nanoparricles 
 modified ITO electrode, uric acid  can  be detected  in a 
 solution as low as 0.5 11M, with  detection  limit ( 30) 
 of 0.5 11M. 


Effect of inter-fer-elliS 


The  voltan',metric response  of UA generally surrers 
 from interference of ascorbic acid as well  as xanthine, 
 hypoxanthine  and  adenine  existing  in  biological 
 samplesJ2.  Hence,  it  was  considered  desirable  to 
 monitor the effect of interferents on the response  or E" 


and ip of UA. To monitor  the effect of these common 
 interferents, differential  pulse voltammograms or UA 
 were  recorded  keeping  the  concentration  or  UA 
 constant at 25 11M and  varying the  concentrations or 
 ascorbic  acid, xanthine,  hypoxanthine and  adenine. 


The DrV  response for the oxidation of UA (25 11M) 
 was  then  recorded.  The  peak  current  response 
 obtained  in  these  cases  is compiled  in Table  I. In 
 these  studies,  two electrodes  were used which  had 
 practically  Sa!lle area  and  thus  exhibited  same peak 
 currents for 25 11M uric acid. Ascorbic acid  was round 
 to  affect the  peak  current of  UA at  concentrations 
 greater  than  10  11M.  A  typical  differential  pulse 


Table 1- Effect of interferents on the differential pulse 
 voltal1llllelric response of 25 11M UA al  till: gold  n:lnopaniclc-


modified ITO electrodes 
 Interferents 


o i nterferelll 
 (Uric acid) 
 Ascorhic acid 


Adeninc 


Hypoxanthine 


Xanthine 


Conc.  Peak 
 /lM  current.  nA 
 25.n  9.92 ± 0.05 


10.0  9.92 


25.0  12.02 
 50.0  ·14.35 
 100.0  24.26 


25.0  9.92 


50.0  9.94 


loo.n  9.95 


200.0  9.92 
 25.0  9.92 
 50.0  9.95 
 100.0  9.92 
 200.0  9.96 


25.0 
 50.0 
 100.0 
 200.0 


9.92 
 9.96 
 9.92 
 9.86 


Change ill currellt 
 responsc. nA 


0.00 


+2.10 
 +4.43 
 +1-1.34 


f).OO 
 +0.02 
 +0.03 
 (JO() 
 0.00 
 +0.03 


0.00 
 +(l.()4 


(l.OO 
 +(l.O4 


0.00 
-006 
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a 
 1000 

Potential,mV vs  Ag/AgCI 


Fig. 4 - Differential pulse voltammogram of a mixture  of uric 
 acid  (25 ~lM) and ascorbic acid (100 ~tM) at pH  7.2  at  modified 
 ITO electrode. 


voltammogram of a  solution of uric  acid with 100 ~M 


ascorbic acid  is presented in Fig. 4. It can be seen that 
 the  peak  current  of uric  acid  is  enhanced and  no 
 separate  peak is  obtained for ascorbic acid. Thus,  the 
 Ep of uric acid and ascorbic acid appear  to be in  the 
 same  range  and  hence  a  combined  peak  is  seen. 
 However, adenine, xanthine and  hypoxanthine did  not 
 show any interference  upto  eight-fold  excess.  In  all 
 cases, the oxidation  peak potential of UA  remained 
 practically  constant  and  the  change  in  current 
 response in  the presence of  interferents  was  within 



± 
0.0348  nA  relative  to  their  absence.  Thus,  the 
 response  of  uric  acid  at  the  gold  nanoparticles 
 modified ITO electrode is  not affected much by the 
 interferents except ascorbic acid. 

Uric  acid could be  easily detected to a much  lower 
 concentration with the help of nanoparticles modified 
 electrode. The present study demonstrates the use  of 
 gold nanoparticle-modified  electrode for  the  study  of 
 uric acid  in  solution. A  linear  relationship between 
 uric  acid  concentration  and  current  response  was 
 obtained  in  the concentration range of 0.5-100 f.lM 
 with  excellent  reproducibility.  The  gold 
 nanoparticles-modified ITO electrode shows a stable 
 and  reproducible response only  upto 7-8 runs from 0.0 
 to  1.0 V,  after which  the peak current  values  starts 
 decreasing  probably  because  nanogold  particles 
 deposited  on  ITO surface  start  detaching  from  the 
 surface. Hence, it is  necessary that  the calibration plot 
 and the determination should be  made within  these 
 runs. Use of a  fresh  electrode  Illay  lead  to  a  new 
 surface area and  hence observed peak currents may  be 


slightly  different.  In other methods,  however. UA  was 
 determined  in the concentration range of 5-53 f.lM and 
 uric acid was  found to be adsorbed on the surface of 
 exfoliated  graphite  surfaceJ2.  The  present  method 
 provides  a  large  range  of  0.5-100  pM  for 
 determination of  uric acid. At nanogold-modified  ITO 
 electrode, the peak currents became almost constant al 
 concentrations greater  than  100 ~IM.  The  results  of 
 three  successive' determinations  showed  a  relative 
 standard  deviation  of < 3%. This  value,  however, 
 increases significantly  if the electrode is  used  more 
 than eight times. Thu., the limitation of the method is 
 that the  electrode cannot  be  used  for  a  long time. 


Attempts are on to prepare densely attached gold nano 
 particles at ITO electrode to  solve the problem. 


Acknowledgement 


The  authors  (AS) and  (SPS) are  thankful  to  the 
 Council of  Scientific and Industrial  Research,  ew 
 Delhi,  for  awarding  Senior  and  Junior  Research 
 Fellowships,  respectively.  RNG  and  MO  thank the 
 bilateral  program  between  the  Indian  National 
 Academy of Science  (INSA) and the Japan Society 
 for the Promotion of Science (JSPS) joint program for 
 the  support  of  the  cooperati ve  research.  Fi nancial 
 assistance for this work  was provided  by  CS I R, New 
 Delhi, vide grant no. 0 I (1815) 102/EM R-II. 


References 


1  Miland E. Ordieres  A J M. Blanco P T. Smyth  M R & 


Fagain CO, TalaJ//a, 43 (1996) 785. 


2  Shi K & Shiu 1<-1(, Elec/rrJ(lIIalv.lis.  13 (200 I) 1319. 


3  Zheng L. Wu S. Lin X.  Nie L &  Rui L. EleClmallaIY.li.l. 


13(2001) 1351. 


4  Cai  X,  Kalcher  K, Neuhold C  &  Ogorevc  B. Talall/a. 


41 ( I 994) 407. 


5  Gilmartin  MAT, Hart J P & Birch [3, Allalv.I/, 117( 1992) 
 1299. 


6  Ullman B. Cohen M B,  Martin  0  W  &  Wormsted M  A. 


Proc Nail Acad Sci, 79( 1982) 5127. 


7  Yamanaka  H, Togashi R, HakocJa  M, Terai C. Kashiwazaki 
 S, Dan T & Kam:1tani N, Adv Exp  Med Billi. 431 (1998) 13. 


8  Fox I H, Mew/Joli.llll, 30( 1981) 616. 


9  Alderman  M  1-1, Cohen 1-1, Madhavan  S &  Kivlighn  S, 
 Hyper/ellsioll, 34( 1999) 144. 


10  Franse L \I, Pahor M, Di  Bari  M,  horr R I. Wan J Y. 


Somes G  W &  Applegate W B. J Hyper/ells. 34(2000) I 149. 


II  Iseki  K,  Oshiro S, Tozawa  M.  Iseki  C.  Ikeniya  Y  & 


Takishita S, Hvper/ells Res. 246(200 I) 691. 


12  Nelson  D  L  &  Cox  M  M.  Leill/illger  Prillciple  
III 


Bioehelllis/ry, 3'd EcJn (Worth Publishers USA) :WOO. 


D  Cost;!  A. Igual I. Bedini J. Quint L & Conget I. A/('WbO/i'III. 


510(02) 372. 



(5)GOYAL et al.: DPY  DETERMINATION  OF URIC ACID AT NANOGOLD  MODIFIED ITO ELECTRODE  949 


14  Burkhardt S, Reiter R J, Tan  D X,  Hardeland  R, Cabrera 1 & 


Karbownik  M, Int J Biochelll Cell  Bioi, 33(2001) 775. 


15  Nieto F J,  Iribarren C. Gross M D, Comstock G W & Cutler 
 R G, Atherosclerosis, 148(2000) 131. 


16  Chang H y, Pan  W  H. Yeh  W T & Tsai K S, J Rhelllllatol, 
 28(200 I) 1640. 


17  Palmisano F,  Desimoni E & Zambonin P G, J Chrolllatogr, 
 306( 1984) 205. 


18  Wang J & Liu J, AHal Chilli  Acta, 294( 1994)  201. 


19  Nakashima K, Hayashida N, Kawaguchi S,  Akiyama S, 
 Tsukamota Y & Imai  K, Anal Sci, 7(1991)715. 


20  Sun  Yanyi,  Fei Junjie, Wu  Kangbing & Hu Shengshui, Anal 
 Bioallal Chelll, 375(2003) 544. 


21  Cai  X, Ka1cher  K, Neuhold  C &  Ogorene  B,  Talanta, 
 41(1994) 407. 


22  Lu Liping & Lin  Xiangqin, Allal Sciences, 20(2004) 527. 


23  Zen  J  M, lou  J  J &  Ilangovan  G, Analyst,  123( 1998) 


1345. 


24  Dobay  R,  Harsanyi G & Yisy C, Anal Chilli Acta, 385(1999) 
 187. 


25  Raj C R & Ohsaka T, J Electroanal Chelll, 540(2003)  69. 


26  Shipway  A  N,  Katz E &  Willner I, Chelll  Phys Chelll, 
 1(2000) 18. 


27  Katz  E, Willner I &  Wang J, £/ectroaHalysis. 16(2004) 
 19. 


28  Lahav M, Shipway A  N & Willner I. J Chelll Soc. Perkin 
 Trans, 2( 1999) 1925. 


29  Chen  R S, Huang W  H, Tong H, Wang  Z L & Cheng J  K. 


Anal Chelll, 75(2003) 6341. 


30  Christian  G D & Purdy W C, J ElectroaHal Chell!, 3( 1962) 
 363. 


31  Zhang l, Kambayashi  M & Oyama  M, Electrochelll COIIIIlI. 


6(2004) 683. 


32  Ramesh P & Sampath S, Electroanalysis, (In  press) 





    
  




      
      
        
      


            
    
        References

        
            	
                        
                    



            
                View            
        

    


      
        
          

                    Download now ( PDF - 5 Page - 0.98 MB )
            

      


      
      
        
  Related documents

  
    
      
          
        
            Some properties of indium-tin oxide films
        
      

        The  effect  of cathode  composition  and  gas  mixture  on  sheet  resistance  and optical  transmission properties  of the films have been studied.. Indium-tin  oxide  films; 

    
      
          
        
            “A STUDY OF SERUM URIC ACID AT 
        
      

        This  study aims at finding the relationship between serum uric acid levels at  presentation and the clinical outcome following acute ischemic stroke so  that appropriate

    
      
          
        
            Coenzyme B12 model studies: Electronic and steric trans effects of cobaloximes
        
      

        The  small  difference  in  th e  rate  of  ligan d  substitution  despite  large  differences  in  th e stabiliti es  of their coordination  complexes  for  the  usual  Co  (Ill )

    
      
          
        
            Effect of expansion angle on turbulent swirling flow
        
      

        Due  to  th e  earli er  occ urrence  of  transi ti on  sw irl  strength  fo r  lower  expansion  angle,  at  any  particul ar  swirl strengt h whi ch is  greater th an the cO

    
      
          
        
            Characterization of an amorphous indium tin oxide (ITO) film on a polylactic acid (PLA) substrate
        
      

        The ﬁgure shows that the transmission of the ITO ﬁlms is dependent on the thickness of the ﬁlm and decreases with the increase in the ﬁlm thickness.. The developed ITO ﬁlms

    
      
          
        
            Amorphous Oxide Transparent Thin Films: Growth, Characterisation and Application to Thin Film Transistors
        
      

        The present work,  studied  the  optical  and  electron  transport  properties  of  amorphous  zinc  tin  oxide  (ZTO)  and  zinc  indium  tin  oxide  (ZITO)  system  because  there

    
      
          
        
            Surface characterization of sol–gel derived indium tin oxide films on glass
        
      

        Indium tin oxide (ITO) films with wide variation of Sn  content (10%, 30%, 50% and 70%) were deposited on bare  as well as on barrier layer (SiO 2 ) coated soda lime silica  glass,

    
      
          
        
            Surface structure of silver thin films on In2O3:Sn and Al2O3†
        
      

        Surface structure of thin silver films (200~,) on  two technologically important  films, indium tin oxide (ITO) and aluminium oxide, has been studied using scanning tunneling

      



      

    

    
            
            
      
  Related documents

  
          
        
    
        
    
    
        
            Determination of gallic acid using poly(glutamic acid): graphene modified electrode
        
        
            
                
                    
                    10
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Bimetallic CoPt nanoparticles-modified Pt disk electrode for the amperometric sensing of ascorbic acid
        
        
            
                
                    
                    10
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Linear sweep anodic stripping voltammetry: Determination of Chromium (VI) using synthesized gold nanoparticles modified screen-printed electrode
        
        
            
                
                    
                    7
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Voltammetric determination of dopamine and norepinphrine on a glassy carbon electrode modified with poly (L-aspartic acid)
        
        
            
                
                    
                    8
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Selective determination of 3,4-dihydroxyphenylacetic acid in the presence of ascorbic and uric acids using polymer film modified electrode
        
        
            
                
                    
                    7
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Voltammetric determination of theophylline at a Nafion/multi-wall carbon nanotubes composite film-modified glassy carbon electrode
        
        
            
                
                    
                    8
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Disposable amperometric immunosensor based on layer-by-layer electro-depositing of the nanogold particles, prussian blue-modified indium tin oxide for determination of 
        
        
            
                
                    
                    8
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Microdetermination of human serum albumin by differential pulse voltammetry at a L-cysteine modified silver electrode
        
        
            
                
                    
                    6
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

      


              
          
            
          

        

          

  




  
  
  
    
      
        Company

        	
             About us
          
	
            Sitemap

          


      

      
        Contact  &  Help

        	
             Contact us
          
	
             Feedback
          


      

      
        Legal

        	
             Terms of use
          
	
             Policy
          


      

      
        Social

        	
            
              
                
              
              Linkedin
            

          
	
            
              
                
              
              Facebook
            

          
	
            
              
                
              
              Twitter
            

          
	
            
              
                
              
              Pinterest
            

          


      

      
        Get our free apps

        	
              
                
              
            


      

    

    
      
        
          Schools
          
            
          
          Topics
                  

        
          
                        Language:
            
              English
              
                
              
            
          

          Copyright azpdf.net © 2024

        

      

    

  




    



  
        
        
        
          


        
    
  
  
  




    
    

    
        
            
                

            

            
                                
            

        

    




    
        
            
                
                    
                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                    

                    
                        

                        

                        

                        
                            
                                
                                
                                    
                                

                            

                        
                    

                    
                        
                            
                                
  

                                
                        

                        
                            
                                
  

                                
                        

                    

                

                                    
                        
                    

                            

        

    


