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บทคดัย่อ: 
 การพฒันาประสทิธภิาพตวัเร่งปฏกิริยิาในการตรวจวดัอุปกรณ์เซน็เซอรจ์ะเพิม่ขดีความสามารถใน
การตรวจวดัทางการแพทย ์ไดแ้ก่ การเฝ้าระวงั การประเมนิประสทิธภิาพของวธิกีารรกัษานัน้ รวมถงึการ
สรา้งอุปกรณ์วศิวกรรมทางการแพทยอ์จัฉรยิะในอนาคตได้  โครงการวจิยัน้ีไดพ้ฒันาวธิตีรวจวดัน ้าตาลใน
ปัสสาวะโดยไม่ใช้เอนไซม์และอยู่ในสภาวะเป็นกลาง มคี่าความเป็นกรด-ด่างใกล้เคยีงกบัปัสสาวะในคน
ทัว่ไป ซึง่สามารถน าไปพฒันาต่อในระบบสุขภณัฑอ์จัฉรยิะในอนาคตต่อไปได ้ โดยตวัเร่งปฏกิิรยิาดงักล่าว
ท าจากโลหะผสมโคบอล์ (Co) และเหลก็ (Fe) บนกราฟินทีถู่กเจอืดว้ยไนโตรเจน  การทดลองท าในปัสสาวะ
สามประเภทคือ (1) ปัสสาวะจ าลองที่สงัเคราะห์ขึ้นในห้องแลบวิเคราะห์ผลทางการแพทย์ (modified 
Artificial Urine Medium, mAUM), (2) ปัสสาวะมาตรฐานทีเ่รยีกทางการคา้ในนาม Surine ใชเ้ป็นตวัควบคุม
เชิงลบ (negative control) ในการทดลองทางชีวเคมแีละทางการแพทย์ทัว่ไป, และ (3) ปัสสาวะจากคน
จ านวน 4 ท่านซึง่ไดร้บัการอนุเคราะหจ์ากโรงพยาบาลลาดกระบงั กรุงเทพมหานคร  โดยการทดลองไดใ้ช้
เทคนิคทางเคมไีฟฟ้าทีม่ชีื่อว่า Differential Pulse Voltammetry (DPV) ในการประเมนิประสทิธภิาพตวัเร่ง
ปฏกิริยิาบนอเิลก็โทรดหมุน (Rotating Disk Electrode, RDE) ท าจากคารบ์อนเพื่อควบคุมการแพรแ่ละการ
ไหลในการศึกษาผลลพัธ์ของกระแสไฟฟ้าจากปฏิกิริยาที่เกิดจากความสามารถของตัวเร่งปฏิกิริยาได้
โดยตรง โดยคน้พบว่าโคบอล์ในสภาวะ Co3+ และ Co4+ มคีวามสามารถสรา้งพนัธะกบัน ้าตาลกลูโคสและ
สง่ผลใหเ้กดิกระแสไฟฟ้าไดใ้นปัสสาวะทัง้ 3 ประเภท และจะตรวจวดัน ้าตาลไดด้ทีีค่วามต่างศกัย ์0.18 โวลท์
แสดงประสทิธภิาพความไวในการตรวจจบั (Sensitivity) เทา่กบั  16.77 (R2 = 0.987), 45.36 (R2 = 0.988), 
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and 20.26 (R2 = 0.991) µA.mM-1.cm-2 ในปัสสาวะประเภทที ่1 ถงึ 3 ตามล าดบั และสามารถตรวจวดัไดท้ี่
ความเขม้ขน้ของน ้าตาลกลโูคสทีน้่อยทีท่ีส่ดุคอื 0.25, 0.07, and 0.19 มลิลโิมลารใ์นปัสสาวะประเภทที ่1 ถงึ 
3 ตามล าดบัในการทดลอบการตรวจวดัน ้าตาลกลโูคสจาก 0 ถงึ 3 มลิลโิมลาร ์ นอกจากนี้ทางโครงการยงัได้
ศกึษาผลกระทบการใชก้ราฟินเจอืไนโตรเจนในตวัเรง่ปฏกิริยิาโลหะโคบอล์-เหลก็เปรยีบเทยีบประสทิธภิาพ
กบักราฟินบรสิุทธิแ์ละคารบ์อน Vulcan XC-72 ในสภาวะเป็นเบสจากปัสสาวะทีผ่สมโซเดยีมไฮดรอกไซดท์ี่
ความเข้มข้น 0.1 โมลาร์ (ค่า pH เท่ากับ 13) และใน Surine (ค่า pH เท่ากับ 6.7) ผลปรากฏว่าตัวเร่ง
ปฏิกิริยาโลหะโคบอล์-เหล็กบนคาร์บอนนัน้แสดงการตรวจจับน ้ าได้แต่ไม่ดีเท่ากับการใช้กราฟินเจือ
ไนโตรเจนในสภาวะเป็นเบส  และเพยีงการใชก้ราฟินเจอืไนโตรเจนกบัตวัเรง่ปฏกิริยิาโลหะโคบอล์-เหลก็บน
คารบ์อนใน Surine ทีม่สีภาวะเป็นกลางเท่านัน้ทีแ่สดงกระแสไฟฟ้าจากการตรวจจบักลูโคสทีช่ดัเจน ซึ่งใน
ส่วนของการใช้กราฟินบรสิุทธิไ์ม่แสดงผลการเปลี่ยนแปลงใดๆที่เด่นชดั  ทัง้น้ีแสดงให้เหน็ถึงคุณสมบตัิ
พเิศษของการพฒันาตวัเร่งปฏกิริยิาโลหะโคบอล์-เหลก็บนกราฟินเจอืไนโตรเจนทีส่ามารถตรวจวดัน ้าตาล
กลโูคสในปัสสาวะไดแ้ละยงัมคีุณสมบตัทิีท่นต่อการก่อกวนของกรดยรูกิอกีดว้ย 
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Abstract  
 
Project Code :  MRG5980159 
 
Project Title :  Enhancement of direct electron transfer by cost-effective bimetal: 
cobalt/ iron catalysts on printable graphene paper based biosensors for ultra-highly sensitive 
H2O2 detection in human body fluids 
 
Investigator :  Metini Janyasupab 
Faculty of Engineering, King Mongkut’s Institute of Technology Ladkrabang 
 
E-mail Address : metini.janya@gmail.com  
 
Project Period : 2 years and 10 Months (2 May 2016 - 11 Febuary 2019) 
 
Abstract: 

Development of non-invasive glucose measurement allows future advancement of smart 
sensing platform for diagnostic technology. Especially for endocrine disorders, advanced kidney 
diseases, and diabetes, monitoring excessive glucose level in urine can provide invaluable 
information for clinical prognosis and preventive healthcare. Herein, we present a comparative 
electrochemical study of cobalt/iron (CoFe) catalyst on nitrogen-doped graphene (NG) for non-
enzymatic glucose detection, carried out in physiological pH urine including (i) modified artificial urine 
medium (mAUM), (ii) commercial standard urine (Surine), and (iii) human urine specimens. With no 
requirement of strong alkaline addition, catalytic properties of CoFe-NG were assessed by using 
cyclic voltammetry (CV) and differential pulse voltammetry (DPV) on a glassy carbon rotating disk 
electrode. Upon successive glucose additions from 0 to 3 mM, DPV results revealed two anodic 
peaks at +0.18 V and +0.42 V versus Ag/AgCl, corresponding to Co3+ and Co4+ as a result of glucose 
binding in urine.  By evaluating at +0.18V, the sensitivities of CoFe-NG were estimated to be 16.77 
(R2 = 0.987), 45.36 (R2 = 0.988), and 20.26 (R2 = 0.991) µA.mM-1.cm-2 with the limit of detection of 
0.25, 0.07, and 0.19 mM in mAUM, Surine, and human urine specimen with low serum creatinine, 
respectively. Furthermore, the effects of CoFe on graphene (G) and carbon Vulcan XC-72 (C) were 
also studied in comparison of NG on the bimetal. Interestingly, CoFe-C showed a good 
electrochemical trend in glucose detection in urine. However, negligible catalytic activity was 
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presented in CoFe-G. Thus, electrochemical responses of CoFe-C were also further studied in the 
comparison of CoFe-NG in each type of urine.  Overall, CoFe-NG outperformed CoFe-C in all types 
of urine and exhibited an excellent anti-interference property toward uric acid, thereby suggesting 
great potential for the next generation of glucose sensing platform in urine.  
 
 
 
 
 
 
 
Keywords : bimetallic catalyst, non-enzymatic detection, glucose in urine 
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Executive summary  
 This research project investigated an enhancement of bimetallic cobalt (Co)-ion (Fe) 
incorporated on nitrogen doped graphene (NG) to detect glucose in physiological pH urine and human 
urine specimens. As originally proposed to enhance the detection of hydrogen peroxide, there is still 
a necessary enzyme immobilization to convert glucose in physiological fluids. However, our recent 
experimental study has found a more applicable and practical alternative of using CoFe-NG that can 
non-enzymatically bind with glucose. Therefore, we continued this investigation of electrocatalytic 
properties on CoFe-NG.  Without any addition of strong alkaline electrolyte such as sodium hydroxide 
(NaOH), the as-prepared CoFe-NG catalyst can detect glucose in nearly neutral pH urine from 0 to 
3 mM, assessed by Differential Pulse Voltammetry (DPV).  In detail, a comparative study of CoFe-
NG was carried out in various physiological pH urine conditions including (i) modified artificial urine 
medium (mAUM), (ii) commercially simulated negative control urine (Surine), and (ii) human urine 
specimens.  As shown in Figure 1, our schematic approach of the as-synthesized CoFe-NG illustrates 
a presence of active Co3+ and Co4+ redox couple, oxidizing with glucose in urine and generating 
catalytic current response under DPV operation. In our preliminary experiment, the effect of different 
supporting materials e.g. pure graphene (G) and activated carbon Vulcan XC-72 (C) was studied as 
a control of NG incorporation.  Under strong alkaline condition (pH of 13), it was found that CoFe-
NG and CoFe-C were able to detect 2 mM glucose clearly from their backgrounds. Further study 
also found that NG by its owns can oxidize glucose and detect 2 mM glucose but not as good as 
with CoFe catalyst in 0.1 M NaOH supported urine. In neutral pH urine, only CoFe-NG showed an 
obvious catalytic response of glucose detection, whereas, negligible response was observed on 
CoFe-G in either strong alkaline medium or neutral pH urine conditions.  Thus, CoFe-C was selected 
as a control in comparison its electrochemical performance with CoFe-NG in the three types of urine.  

By operating on rotating disk electrode (RDE), the kinetic behavior of CoFe catalysts can be 
observed from the hydraulic effect. Therefore, the total current response in this study represents the 
catalytic current of CoFe and consequently implies the direct comparison in various urine conditions. 
Under DPV operation, the non-faradic current is controlled, thereby indicating faradic process of 
catalytic reaction on CoFe system. In this study, there were two prominent anodic peaks, that were 
located at +0.18 and +0.42 V versus Ag/AgCl and corresponding to Co3+ and   Co4+ as a result of 
glucose binding in urine. Upon glucose addition, the former anodic peak of CoFe-NG increases 
linearly with the estimated sensitivities of to be 16.77 (R2 = 0.987), 45.36 (R2 = 0.988), and 20.26 (R2 
= 0.991) µA.mM-1.cm-2 and the limit of detection of 0.25, 0.07, and 0.19 mM in mAUM, Surine, and 
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human urine specimen with low serum creatinine (type I), respectively. On the other hand, a 
prominent anodic peak of CoFe-C was observed at +0.88 V versus Ag/AgCl, attributed to the oxygen 
discharge from oxide formation of CoO2 and Fe2O3 and presented in CoFe-C in mAUM, CoFe-C in 
human urine type II, and CoFe-NG in human urine with high serum creatinine (type II). Although this 
formation process seemed to be indirectly quantified the glucose level with the inversely linear trend, 
it was significantly affected by the charge/discharge of other competitive species, leading to the 
diminution of oxygen discharge in glucose addition at a higher potential above 0.8 V as well. Thus, 
the optimal condition of CoFe-NG by using DPV in our study was at +0.18 V from the process of 
Co3+ oxidation upon glucose binding. In addition, CoFe-NG showed an excellent anti-interferent 
property of uric acid in mAUM, providing a potential development of smart sensing platform for 
glucose detection in urine.  Furthermore, morphological, elemental, and chemical characterizations 
of Transmission Electron Microscopy (TEM), Scanning Transmission Electron Microscopy (STEM), 
Energy Dispersive X-ray spectroscopy (EDS), X-ray diffraction (XRD), Fourier Transform Infrared 
spectra (FTIR), and X-ray Photoemission Spectroscopy (XPS) were also carried out, providing 
evidences of catalytic explanation and mechanism of this non-enzymatic glucose detection in 
physiological pH urine. 
 

 
Figure 1. Graphical abstract of CoFe-NG catalyst for glucose detection in physiological pH urine 

and human specimens 
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วตัถปุระสงค ์ 
เพือ่คดิคน้วธิพีฒันาการตรวจวดัอุปกรณ์เซน็เซอรข์ ัน้สงูทีม่ปีระสทิธภิาพในการวดัแบบไมใ่ชเ้อนไซม์ 

วิธีทดลอง  
1. สารเคม ี

Cobalt (II) acetylacetonate (Co(acac)2, 99.0%), Iron (III) acetylacetonate (Fe(acac)3, 99.9%), 
Oleic acid (OAc, 90%), Oleylamine (OAm, 70%), Benzyl Ether (BE, 98%), 1-Octadecene (ODE, > 
95.0 %), and Trioctylphosphine (TOP, 97%), Natural graphite flakes (99%), sulfuric acid (98%), 
sodium nitrate (NaNO3), potassium permanganate (KMnO4), และ ammonia เพือ่ใชใ้นการสงัเคราะห์
ตวัเรง่ปฏกิริยิาและตวัรองกราฟินเจอืไนโตรเจน  นอกจากน้ี Vulcan XC 72R (Cabot) และ graphene 
powder ใชส้ าหรบัเปรยีบเทยีบประสทิธภิาพของการใชก้ราฟินเจอืไนโตรเจน  

ในการทดสอบปัสสาวะสงัเคราะห ์ (mAUM) ไดใ้ชส้ตูรในหอ้งปฏบิตักิารทดลองทางการแพทย ์ [2-3] 
ดงัต่อไปน้ี Sodium bicarbonate (NaHCO3), sodium chloride (NaCl), sodium sulphate decahydrate 
(Na2SO4.10H2O), potassium dihydrogen phosphate (KH2PO4), di-potassium hydrogen phosphate 
(K2HPO4), ammonia chloride (NH4Cl), creatinine, และ urea  

 
2. การสงัเคราะหต์วัเรง่ปฏกิริยิา 

วธิสีงัเคราะหไ์ดด้ดัแปลงจากงานวจิยัของ Zhang et al. [1].   โดยผสมตวัท าละลาย OAm (8 mL), 

OAc (4 mL), ODE (4 mL) และ TOP (2 mL) และคนตอ่เน่ือง 5 นาที จากนัน้ผสม Co (acac)2  ในปริมาณ 
0.61 mmol หรือ 156.96 mg of ลงใน BE (2 mL) เพื่อใหล้ะลายขั้นตน้ก่อนและผสมรมกบัตวัท าละลายทั้งหมดท่ี
เตรียมไว ้ น าไปใหค้วามร้อนในระบบปิดท่ีมีการรีฟลกัซ์และผา่นก๊าซไนโตรเจนท่ีอุณหภูมิ 110 ºC เป็นเวลา 1 ชัว่โมง
เพื่อน าส่ิงสกปรกและสารเจือปนออก หลงัจากนั้นใหค้วามร้อนต่อท่ีอุณหภูมิ 230 ºC เป็นเวลานาน 20 นาที สีของ
สารละลายจะเขน้ข้ึนจนเป็นสีด าทั้งหมด บ่งบอกถึงการเกิดอนุภาคนาโนของโคบอลท ์  หลงัจากนั้นท้ิงไวใ้หเ้ยน็ท่ี
อุณหภูมิหอ้งและผสมไอโซโพรพานอลลงไป  น าไปป่ันเหวี่ยงท่ีความเร็ว 10,000 r. p. m. เป็นเวลา 20 minutes ท่ี
อณุหภมูิ 0C และลา้งดว้ยเฮกเซนและเอทานอล ท าซ ้ ากนัเช่นน้ีหลายๆรอบเพื่อลา้งตวัท าละลายท่ีคงคา้งออกใหห้มดจะ
ไดแ้ละน าไปผสมกบัเฮกเซนเพื่อแช่เกบ็ไว ้  วิธีท าตวัเร่งปฏิกิริยาโลหะผสมโคบอลท-์เหลก็ กท็  าเช่นเดียวกนัโดยเร่ิมจาก
น า Fe(acac)2 ปริมาณ 0.61 mmol มาละลายในตวัท าละลายขั้นตน้ และผสมโคบอลทป์ริมาณ 0.2 mmol ลงไปและ
ตั้งความร้อนแบบเดียวกบัวิธีสงัเคราะห์ขา้งตน้ท่ีกล่าวมา 

ในการสงัเคราะห์กราฟินเจือไนโตรเจนจะใชว้ิธีไฮโดรเตอร์มอล โดยเร่ิมจากการสงัเคราห์กราฟินออกไซดด์ว้ย
วิธีของ Hummer method [4] และใชก้ระบวนการเจือไนโตรเจนดว้ยวธีิของ Chen et al. and Sui et al. [5-6]. 

โดยเร่ิมจากการน ากราฟินออกไซด์ท่ีสงัเคราะห์มาได้ละลายในน า้ในปริมาณความเข้มข้น 5 mg.mL-1 และผา่นคลื่น
ความถ่ีสงูและการป่ันเหว่ียงท่ีความเร็ว 4,000 rpm เป็นเวลา 30 นาที จากนั้นน าสารละลายกราฟินออกไซดจ์ านวน  
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30 mL ผสมกบัแอมโมเนียปริมาณ 0.6 g. และคนต่อเน่ืองเป็นเวลา 15 นาที สารละลายจะถกูถ่ายไปยงั Teflon-line 

autoclave และใหค้วามร้อนท่ีอุณหภูมิ 180 C เป็นเวลา 12 ชัว่โมง  และลา้งดว้ยน ้า Deionized และเขา้เคร่ืองอบ
สูญญากาศท่ีอุณหภูมิ 80C เป็นเวลาหน่ึงคืน 

3. การทดสอบคุณสมบตัทิางกายภาพและเคมขีองตวัเรง่ปฏริยิา 
 การทดสอบวิเคราะห์ทางกายภาพและสมบัติธาตุทางเคมีด้วยเครื่องถ่ายภาพอิเล็กทรอน ธ
Transmission Electron Microscopy (TEM), Scanning Transmission Electron Microscopy (STEM), 
Energy Dispersive X-ray spectroscopy (EDS), รุน่ JEOL JEM-200CX ทีพ่ลงังาน 200 kV, การวดัสมบตัิ
ธ า ตุ ด้ ว ย  X-ray diffraction (XRD, รุ่ น  Scintag X-1, operating ที่ พ ลั ง ง าน  40 kV แ ล ะ  40 mA ด้ ว ย
แหล่งก าเนิดคลื่นทีท่ าจาก Cu K α,  λ = 1.54056 Å), และการวดัสมบตักิารเกดิพนัธะทางเคมดีว้ยเทคนิค 
Fourier Transform Infrared spectra (FTIR, Shimadzu, IRPrestige-21, Japan, ที ่400-4000 cm-1 ในATR 
mode), และเทคนิค X-ray Photoemission Spectroscopy (XPS, PHI 5000, Versa Probe II XPS system, 
ULVAC-PHI)  
 
4. การทดสอบประสทิธภิาพทางเคมไีฟฟ้า 

การทดสอบสมบตัเิชงิเคมไีฟฟ้าของ CoFe-NG ดว้ยระบบอเิลก็โทรดสามขัว้ ประกอบดว้ย 1. 
working electrode (GCE), 2. auxiliary electrode (Pt), และ 3. reference electrode (Ag/AgCl) ใน  mAUM, 

Surine, และปัสสาวะคน ท่ีมีค่า pH เท่ากบั 6.8, 6.7 และ 6.5 ตามล าดบั. โดยในการทดลองทั้งหมดจะวดัความเขม้ขน้
ของน ้าตาลกลูโคสช่วง 0 ถึง 3 mM โดยการใส่น ้าตาลท่ีมีความเขม้ขน้ 500 mM ในปริมาณ 2.5 µL ลงในปัสสาวะ
ปริมาตร 5-mL. และท าการทดลองบนเคร่ือง RDE ขัน้ตอนเร่ิมต้นก่อนการทดลองทกุครัง้จะท าความสะอาด 
working electrode ด้วยการใช้กระบวนการเคมีไฟฟา้ใสค่วามตา่งศกัย์ในเทคนิค Cyclic voltammetry (CV) 

จาก 0 ถึง 1.2 V ดว้ยอตัรา 50 mV.s-1 เป็นจ านวน 50 รอบ. หลงัจากนั้นจะทดสอบดว้ยการวดั จาก -0.2 to 1.0 V 

vs Ag/AgCl ท่ีอตัรา 50 mV.s-1 และทดสอบ DPV จาก 0 to 1 V vs Ag/AgCl ดว้ยการเพิม่ความต่างศกัยท่ี์ 

4mV, amplitude of 50 mV, pulse width of 0.05 s และ pulse period of 0.5 s. นอกจากน้ีการทดสอบการ
ก่อกวนของสารอ่ืนๆท่ีเจือปนในปัสสาวะ เช่น ascorbic acid และ uric acid ท าข้ึนใน mAUM ขอ้มูลการวดัจะถูก
บนัทึกในเคร่ือง Potentiostat รุน CHI900B potentiostat บน  RDE modular workstation (Pine Research 

Instruments, USA), ท่ีความเร็วรอบ 900 rpm ในทุกๆการทดสอบ. 
 
 

ผลการทดลอง  
1. การวเิคราะหส์มบตัทิางกายภาพและเคม ี
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Figure 2. (A) ภาพถ่าย TEM ของ CoFe-NG, (B)-(C) TEM ของ CoFe, (D) HRTEM ของ CoFe, และ (E) 
SAED pattern แสดงการหกัเหของ Fe2O3 (110), Co(111), และ Fe(200) จากวงในไปยงัวงนอกตามล าดบั 

ภาพถ่ายอเิลก็ตรอนแบบสอ่งกราดทีแ่สดงใน Figure 2A-B แสดงถงึลกัษณะรปูรา่งของโลหะโค
บอลทแ์ละเหลก็ในตวัเรง่ปฏกิริยิาซึง่มลีกัษณะรวมกนัแบบกลุ่มและมขีนาดในชว่งประมาณ 74 ถงึ 246 นาโน
เมตร ซึง่ใน Figure 2C แสดงถงึอนุภาคเดีย่วๆของตวัเรง่ปฏกิริยิามขีนาดเสน้ผา่นศนูยก์ลางโดยเฉลีย่
ประมาณ 8.25 นาโนเมตรและแสดง crystalline lattice fringes ทีม่คีา่ d-spacing of 0.208 and 0.253 นาโน
เมตรซึง่แสดงถงึ Co(111) และ Fe2O3(110) ตามล าดบั  นอกจากน้ีการวดั crystalline lattice สามารถ
วเิคราะหไ์ดจ้าก Selected Area Electron Diffraction (SAED) ดงัทีแ่สดงในรปู Figure 2E. แสดงถงึวงกลม
จากการหกัเหทีม่ขีนาด 0.253, 0.208, และ 0.146 นาโนเมตร ซึง่คอืค่าเฉพาะของ Fe2O3(110), Co(111), 
และFe(200) ตามล าดบั. ใน Figure 3A และ B แสดงภาพ STEM และ EDS spectrum ของตวัเรง่ปฏกิริยิา
ยนืยนัถงึสว่นประกอบของธาตุ C, Co และ Fe ในตวัเรง่ปฏกิรินิา ซึง่สามารถประเมนิสว่นประกอบของ
ตวัอยา่งดว้ย gravimetric percentage ในปรมิาณ 0.5% Fe, 1.9% Co, และ 85% C.  ในสว่นของ Figure 3C 

A B C 

D E 
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แสดงแผนภาพปรมิาณของธาตุ Co, Fe, และ O elements ในตวัอยา่งซึง่บ่งบอกถงึวา่ Co จะกระจุกตวัอยู่
ตรงกลางและมเีหลก็ออกไซดร์อบๆ   

ใน Figure 4A แสดงลกัษณะเฉพาะของ XRD pattern ใน CoFe-NG จากมมุ 20 ถงึ 80 ซึง่แสดง
คารบ์อนที ่ 25.8° ตรงกบัเสน้อา้งองิของ JCPDS 26-1080.  ในเสน้หกัเหอื่นๆของ Co, Fe, Fe2O3, และ
CoFe2O4 สามารถสงัเกตุไดแ้ละตรงกบัเสน้อา้งองิ JCPDS 15-806, JCPDS 06-0696, JCPDS 02-0919, 
และ JCPDS 03-0864 ตามล าดบั. นอกจากน้ียงัมสีามเสน้ที ่35.7, 44.2, และ 65.0 ตรงกบัหลกัฐานทีพ่บ
ในการวเิคราะห ์SAED ใน Figure 2E ยนืยนั lattice phase ของ Fe2O3(110), Co(111), และFe(200) ใน
งานวจิยัน้ี.  นอกจากน้ีเรายงัไดท้ าการวเิคราะหส์มบตัทิางเคมดีว้ย FTIR ของ CoFe-NG ในสภาวะที ่ (i) 
เตรยีมเรยีบรอ้ยก่อนการใชง้าน, (ii) CoFe-NG ผสมกบั 2 mM น ้าตาลกลโูคสแต่ไมไ่ดใ้ชก้ารวดัวดั DPV และ 
(iii) CoFe-NG ทีผ่า่นการวดั 2 mM น ้าตาลดว้ยการใช ้DPV แลว้ ผลปรากฏแสดงใน Figure 4B ในกรณีที ่  
(i)-(iii) ดว้ยสดี า, แดงและน ้าเงนิตามล าดบั  ซึง่ผล FTIR ในชว่ง 3500-3000 cm-1 และ 1600 cm-1 แสดงถงึ
การดดูซมึของ OH และการโคง้งอของพนัธะ OH ตามล าดบั [7-8]. ทีช่ว่ง 1543 cm-1 คอืช่วงของ amide II 
(C-N) ในสภาวะที ่(iii) ภายหลงัการใช ้DPV ในการตรวจวดั 2 mM น ้าตาลกลโูคสซึง่แสดงถงึการเกดิพนัธะ
ของ C-N ใน CoFe-NG ระหวา่งการตรวจวดัน ้าตาล นอกจากน้ียงัมสีีช่ว่งคลื่นของ 1234-1215, 1157-1150, 
1080-1053 และ 987-975 cm-1 แสดงพนัธะของ C-O-C และการยดืของพนัธะ C-O [29]. ซึง่ในผลการทดลอง
น้ีไดส้งัเกตุเหน็การเลื่อนไปยงัคา่ wave number ทีน้่อยลงจากการใชง้านของตวัเรง่ปฏกิริยิาในการตรวจวดัน้ี
ดว้ย นอกจากน้ีชว่งของ 670 และ 560 cm−1 แสดงถงึการสัน่ในชว่งของโลหะและออกไซดข์องโลหะในตวัเรง่
ปฏกิริยิา [7-8]. นอกจากน้ีในสว่นของการวเิคราะหเ์คมบีนพืน้ผวิ ผลของ XPS ในตวัอยา่ง CoFe-NG แสดง
ดงัรปู Figure 5A ถงึสเปกตรมัทัง้หมดแบบชว่งกวา้งของรงัสเีอกซบ์่งชีถ้งีองคป์ระกอบของธาตู C, O, Co, 

Fe, N บนพืน้ผิวตวัอยา่ง และมีเส้นกราฟของ C1s ท่ีช่วง 284.2, 285.1, 286.5 และ 288.6 eVแสดงถงึพนัธะ
ของ C-C, C-N, C-O, และ C=O ในกราฟินเจือไนโตรเจนดงัรูป Figure 5B   บนช่วงของ  O1s จะแสดงท่ีช่วง
พลงังาน 531.6, 532.4, และ 533 eV ซึง่ยืนยนัการเกิดพนัธะ C-O, C=O, และหมู ่OH ในตวัเร่งปฏิกิริยาใน 

Figure 5C ในช่วงของ N1s ท่ี 399 และ 399.7 eV แสดงถงึ pyridinic N และ pyrodinic N อนัเป็น
คณุสมบตัิเฉพาะที่สามารถน ากระแสไฟฟา้ได้ดียิ่งขึน้ และช่วง Co2p กบั Fe2p จะถกูแสดงใน Figure 4E และ F 
ตามล าดบั ดงันัน้ผลของการศกึษา XPS สเปกตรัมบง่ชีถ้งึการเกิดพนัธะท่ีสง่เสริมการเพิ่มประสทิธิภาพของตวัเร่งปฏิกิริยาใน
ท่ีนี ้
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Figure 3. ภาพถ่าย STEM ของ CoFe, (B) EDS, และ (C) EDS elemental mapping ขอลธาตุ O, Fe, 
และCo บนตาขา่ยทองแดง 

 

 

11



 

  
Figure 4. (A) XRD patterns ของ CoFe-NG แสดงคลื่นอ้างอิงของ JCPDS และ (B) FTIR spectra ของ 
CoFe-NG (สดี า), CoFe-NG ผสมกบัน ้าตาล 2 mM glucose ในปัสสาวะโดยยงัไม่ไดใ้ช้ DPV (สแีดง), และ
CoFe-NG หลงัจากการใช ้DPV ตรวจวดัน ้าตาล 2 mM ในปัสสาวะ (สนี ้าเงนิ). 

A 

B 
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Figure 5.  (A) XPS wide spectrum ขอ ง  N-doped graphene supported CoFe catalyst, (B-F) High-
resolution spectra ของ C1s, O1s, N1s, Co2p, และ Fe2p ตามล าดบั 
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2. การทดสอบประสทิธภิาพทางเคมไีฟฟ้า 
 การทดสอบประสทิธภิาพทางไฟฟ้าเคมเีริม่จากการทดลองเบือ้งตน้โดยน าตวัรองรบัทีท่ าจาก
คารบ์อนต่างประเภทกนัมาทดสอบน ้าตาลทีผ่สมโซเดยีมไฮดรอกไซด ์(0.1 M) ในสภาวะเบสแก่ ซึง่ผลใน 
Figure 6 แสดงถงึการตอบสนองทางเคมไีฟฟ้าของ CoFe และน ้าตาลในปัสสาวะ  จะเหน็ไดว้า่ CoFe-NG, 
CoFe และ CoFe-C แสดงผลทีแ่ตกต่างคา่ background (ไมม่นี ้าตาล) และหากด าเนินการศกึษาต่อไปใน 
Surine ซึง่มสีภาวะทีเ่ป็นกลางใน Figure 7 จะเหน็ไดช้ดัเจนวา่ CoFe-NG มปีระสทิธภิาพในการตรวจจบั
น ้าตาลไดด้เีมือ่เทยีบกบัการผสมในตวัรองคารบ์อนอื่นๆ 

 
Figure 6. Cyclic voltammograms of CoFe บนตวัรองทีแ่ตกต่างกนัออกไป สแีดงแสดงถงึการทดสอบกบั
น ้าตาล 2 mM และสดี าคอืการทดสอบทีป่ราศจากน ้าตาล (black) ในปัสสาวะสงัเคราะห ์mAUM ทีผ่สม 0.1 
M NaOH (pH=13) 

 
Figure 7. Cyclic voltammograms of CoFe บนตวัรองทีแ่ตกต่างกนัออกไป สแีดงแสดงถงึการทดสอบกบั
น ้าตาล 2 mM และสดี าคอืการทดสอบทีป่ราศจากน ้าตาล (black) ในปัสสาวะสงัเคราะห ์Surine (pH=6.7) 
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ดงันัน้ในการทดสอบสมบตักิารตรวจวดัน ้าตาลกลูโคสในงานวจิยัน้ีจะน าตวัอยา่งของ CoFe-NG และ CoFe-
C มาเปรยีบเทยีบในสภาวะของปัสสาวะทัง้สามประเภทเพื่อใหเ้หน็ผลของการท าปฏกิริยิาทางเคมไีฟฟ้าได้
ชดัเจนยิง่ขึ้น  ใน Figure 8, การทดสอบของเทคนิค CV, DPV และกราฟแสดงค่าความสมัพนัธ์ระหว่าง
กระแสไฟฟ้าและความเขม้ขน้ของน ้าตาลกลูโคสไดแ้สดง Figure 8A, C, E (CoFe-NG) และ Figure 8B, D, 
F (CoFe-C) ตามล าดบั ในการวดัน ้าตาลกลูโคสในปัสสาวะสงัเคราะห ์mAUM ซึง่จะเหน็ anodic peak ของ 
CoFe-NG ได้ชดัที่ +0.18 V และแสดงถึงการเกิดปฏิกิรยิาออกซิเดชัน่ของ Co3+ ในที่น้ี  ในทางกลบักนั 
anodic peak ของ CoFe-C เกิดขึน้ที่ +0.88 V แสดงความสมัพนัธ์ของกระแสไฟฟ้าผกผนักบัระดบัความ
เขม้ขน้ของน ้าตาลกลโูคสใน mAUM  ตวัเรง่ปฏกิริยิาทัง้สองน้ีสามารถประเมนิคา่ความวอ่งไวในการตรวจวดั 
(sensitivity) ได้ที่  16.77 µA.mM-1.cm-2 (R2 = 0.987) ของ CoFe-NG และ -378.09 µA.mM-1.cm-2 (R2 = 
0.944) และ -335.29 µA.mM-1.cm-2 (R2 = 0.942) ส าหรบั CoFe-C ตามล าดบั 
 ต่อมาไดท้ าการทดสอบในปัสสาวะสงัเคราะห ์Surine ซึ่งแสดงผลในรูป Figure 9 โดยการทดสอบ
ของเทคนิค CV, DPV และกราฟแสดงค่าความสมัพนัธ์ระหว่างกระแสไฟฟ้าและความเขม้ขน้ของน ้าตาล
กลโูคสไดแ้สดง Figure 9A, C, E (CoFe-NG) และ Figure 9B, D, F (CoFe-C) ตามล าดบั ในการวดัน ้าตาล
กลูโคสในปัสสาวะสงัเคราะห์ Surine จะเห็นได้ว่า anodic peak ที่ +0.18 V ใน CoFe-NG ยงัคงมีอยู่แต่
แสดงไม่เด่นชดัในขณะทีไ่ม่ม ีanodic peak ทีช่ดัเจนใน CoFe-C แต่การเพิม่ขึน้ของกระแสไฟฟ้าเป็นไปใน
ลกัษณะความสมัพนัธ์เชิงเส้นของตัวเร่งปฏิกิริยาทัง้คู่  Surine ถือเป็นปัสสาวะเทียมที่ใช้แพร่หลายใน
ห้องปฏิบัติการวิจยัทางการแพทย์และชีวเคมี ซึ่งจะควบคุมสาร electrolyte ที่ active และน ามาใช้เป็น  
negative control ในการทดสอบการตรวจสารต่างในปัสสาวะ  จากผลการทดลองใน mAUM เราจงึใหค้วาม
ต่างศกัยเ์ดมิที ่0.18 V มาประเมนิคา่ sensitivity ของ CoFe-NG และ CoFe-C ซึง่เทา่กบั 45.36 µA.mM-

1.cm-2 (R2 = 0.988) และ 11.73 µA.mM-1 (R2 = 0.993) ใน Surine ตามล าดบั 

 ในขัน้ต่อมาการทดสอบในปัสสาวะตวัอย่างถกูน ามาใช้  โดยปัสสาวะจากผู้ ป่วยท่ีโรงพยาบาลลาดกระบงัจ านวน 4 

ท่าน พร้อมรายงานการวิเคราะห์ผลการตรวจจากห้องปฏิบัติการแสดงค่าส าคัญท่ีเก่ียวข้อง ได้แก่ น า้ตาลกลูโคสและ 
creatinine ในซี รัมแสดงไว้ใน Table 1  โดยสามารถแบ่งตัวอย่างเป็นสองประเภทคือ ประเภทท่ี 1 ท่ี มีค่า 
creatinine ต ่ากว่า 1 mg.dL-1 และประเภทท่ี 2 คือมีค่านีส้งูกว่า 1 mg.dL-1 ตามล าดบั  ใน Figure 10 แสดง
ถึงผลการตรวจวดัน า้ตาลกลูโคสในกราฟ CV, DPV และ calibration ในปัสสาวะประเภทท่ี 1 จากคน ซึ่งผลการ
ทดสอบใน DPV แสดง anodic peak ท่ีเดน่ขดัท่ี +0.18 และ +0.42 V บง่บอกถึงปฏิกิริยาออกซิเดชัน่ของ Co3+ 

และ Co4+ ใน CoFe-NG   และมีคา่ sensitivity เทา่กบั 20.26 µA.mM-1.cm-2 (R2 = 0.991, n=3). 
นอกจากนีใ้น Figure 11 ได้แสดงผลของการตรวจวัดน า้ตาลกลูโคสในกราฟ CV, DPV และ calibration ใน
ปัสสาวะประเภทท่ี 2 จากคนด้วย CoFe-NG ซึง่ให้ลกัษณะท่ีแตกต่างออกไป กลา่วคือ anodic peak ท่ี +0.18 V 

จะไม่เด่นชดั แต่จะเกิดออกไซด์มากยิ่งขึน้ท่ีค่าความต่างศกัย์ท่ีสงูกว่า +0.42 V และแสดงความสมัพนัธ์ของกระแสไฟฟ้า
กบัระดบัน า้ตาลกลโูคสแบบเชิงเส่นผกผนั ซึ่งสามารถประเมินค่า sensitivity ได้เท่ากบั -10.14 µA.mM-1.cm-2 

(R2 = 0.925) และ -55.11 µA.mM-1.cm-2 (R2 = 0.967) 
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Figure 8. Cyclic voltamograms ของ (A) CoFe-NG และ (B) CoFe-C; differential pulse voltammograms 
ของ (C) CoFe-NG และ (D) CoFe-C; calibration plots ของ (E) CoFe-NG และ (F) CoFe-C ในปัสสาวะ
สงัเคราะห ์(mAUM) ตามล าดบั 
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Figure 9. Cyclic voltamograms ของ (A) CoFe-NG และ (B) CoFe-C; differential pulse voltammograms 
ของ (C) CoFe-NG และ (D) CoFe-C; calibration plots ของ (E) CoFe-NG และ (F) CoFe-C ในปัสสาวะ
สงัเคราะห ์Surine ตามล าดบั 
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Figure 10. (A-B) Cyclic voltammograms, (C-D) differential pulse voltammograms, และ (E) 
calibration plot ของ CoFe-NG ในปัสสาวะคนประเภทที ่I 
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Figure 11 (A-B) Cyclic voltammograms, (C-D) differential pulse voltammograms, and (E) calibration 
plot ของ CoFe-NG ในปัสสาวะคนประเภทที ่II 
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Figure 12. (A) Cyclic voltammograms, (B) differential pulse voltammograms, and (C) calibration 
plot of CoFe-C in human urine specimens type II 

 
Table 1. Summary of glucose and creatinine levels in serum from clinical analysis in Human 

Urine Specimens obtained from Ladkrabang Hospital 

 

ID Gender Age FBS* (mg.dL-1) Creatinine (mg.dL-1) 

01 Female 65 112 0.6 

02 Female 44 158 0.86 

03 Female 54 229 1 

04 Male 46 127 1.3 

 
*Fasting Blood Glucose Serum (FBS) 
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Table 2 ตารางแสดงการวเิคราะหส์มบตัเิคมไฟฟ้าของ CoFe-NG และ CoFe-C ในการตรวจวดัน ้าตาลใน
ปัสสาวะ 

Urine 

Type 
Catalyst 

LOD 

(mM) 

n=4 

LOQ 

(mM) 

Linear 

Range 

(mM) 

Trend 

of CV 

a 

Trend 

of  

DPV a 

Potential 

Peak(s) 

in DPV 

(V) 

Peak 

Correspondence 

mAUM CoFe-

NG 

0.25 0.83 0.25-

3.0 

+ + 0.18-0.20 Electroactive 

sites 

 CoFe-C 0.07 0.24 1.0-3.0 - - 0.88 Oxide formation 

Surine CoFe-

NG 

0.07 0.23 0.25-

3.25 

+ + Not 

obvious 

Oxidation 

observed from 

0-0.8V 

 CoFe-C 0.34 1.14 0.5-3.5 + + Not 

obvious  

Oxidation 

observed from 

0-0.6V 

Human 

Urine 

Type Ib 

CoFe-

NG 

0.19 0.64 0.5-2.0 - + 0.18 

0.39-0.42 

Electroactive 

sites 

Oxide formation 

Human 

Urine 

Type IIc 

CoFe-

NG 

0.18 0.60 1.0-3.0 - - 0.42 Oxide 

formation 

 CoFe-C 0.21 0.71 0.25-

3.0 

- - 0.58 Oxide formation 
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ในส่วนของการ เป รียบเ ทียบประสิท ธิภาพ CoFe-C กับ  CoFe-NG  Figure 12 ไ ด้แสดงกราฟ CV, DPV และ 
calibration ในปัสสาวะประเภทท่ี 2 ด้วย CoFe-C ซึ่งมีความสมัพนัธ์เชิงเส้นท่ีผกผนัในย่านความต่างศกัย์ท่ีสงูกว่า 
0.58 V อนัเกิดจากออกไซด์ของโคบอลท์และเหล็กท่ี discharge กับออกซิเจนอนัเป็นผลมาจากการจับกันของตัวเร่ง
ปฏิกิริยาและโมเลกลุน า้ตาลกลโูคส  ซึง่มีข้อสงัเกตท่ีว่าปริมาณครีเอตินินท่ีมากในร่างกายสามารถสง่ผลมายงัปัสสาวะอาจจะ
อยู่รูปของครีเอตินินหรืออนพุนัธ์และมีผลกระทบกบักระบวนการท างานของ Co3+ ในการตรวจจบักลโูคส  ในตารางท่ี 2 ได้
สรุปวิเคราะห์แนวโน้มความสมัพนัธ์ของ CoFe-NG และ CoFe-C ในปัสสาวะ mAUM, Surine และปัสสาวะ
คน รวมทัง้แสดงช่วงการตรวจวัดเชิงเส้น ค่า limit of detection (LOD) และ limit of quantification 

(LOQ) มาในที่นีด้้วย 

สรปุและวิจารณ์ผลการทดลอง และข้อเสนอแนะส าหรบังานวิจยัในอนาคต 
การทดสอบการเพิ่มประสิทธิภาพกระบวนการถ่ายโอนอิเลก็ตรอนอย่างคุ้มค่าและมีประสิทธิผลต่อการผลิตด้วยการ

ใช้โลหะผสมโคบอลท์-เหล็กบนตวัรองรับกราฟีนเจือด้วยไนโตรเจนสามารถตรวจวดัน า้ตาลในปัสสาวะท่ีสภาวะเป็นกลางได้ 
โดยการทดลองนีไ้ด้ทดสอบอย่างครอบคลมุในปัสสาวะเทียมสองประเภทและตวัอย่างจากปัสสาวะคน ซึ่งถือเป็นการค้นพบ
ใหม่ในการพฒันาตัวเร่งปฏิกิริยาเคมีไฟฟ้าท่ีสามารถจับกับน า้ตาลกลูโคสในสภาวะท่ีเป็นกลางได้  อย่างไรก็ตามการเพิ่ม
ประสิทธิภาพของ LOD และความเสถียรของระบบควรมีการปรับปรุงให้ดีขึน้ไปเพ่ือสามารถน าไปใช้ในการตรวจวดัท่ีมีความ
แมน่ย าและวอ่งไวท่ีดียิ่งขึน้ในอนาคต 

บรรณานุกรม 
[1] S. Zhang, Y. Hao, D. Su, V.V.T. Doan-Nguyen, Y. Wu, J. Li, S. Sun, C.B. Murray, 

Monodisperse Core/Shell Ni/FePt Nanoparticles and Their Conversion to Ni/Pt to Catalyze 

Oxygen Reduction, Journal of the American Chemical Society, 136 (2014) 15921-15924. 

[2] T. Brooks, C.W. Keevil, A simple artificial urine for the growth of urinary pathogens, Letters 

in Applied Microbiology, 24 (2003) 203-206. 

[3] L.B. Khan, H.M. Read, S.R. Ritchie, T. Proft, Artificial Urine for Teaching Urinalysis 

Concepts and Diagnosis of Urinary Tract Infection in the Medical Microbiology Laboratory, 

Journal of Microbiology & Biology Education, 18 (2017) 18.12.46. 

[4] Y. Xu, K. Sheng, C. Li, G. Shi, Self-Assembled Graphene Hydrogel via a One-Step 

Hydrothermal Process, ACS Nano, 4 (2010) 4324-4330. 

[5] P. Chen, J.-J. Yang, S.-S. Li, Z. Wang, T.-Y. Xiao, Y.-H. Qian, S.-H. Yu, Hydrothermal 

synthesis of macroscopic nitrogen-doped graphene hydrogels for ultrafast supercapacitor, Nano 

Energy, 2 (2013) 249-256. 

[6] Z.-Y. Sui, Y.-N. Meng, P.-W. Xiao, Z.-Q. Zhao, Z.-X. Wei, B.-H. Han, Nitrogen-Doped 

Graphene Aerogels as Efficient Supercapacitor Electrodes and Gas Adsorbents, ACS Applied 

Materials & Interfaces, 7 (2015) 1431-1438. 

[7] A. Stadnik, F.Q. Mariani, F.J. Anaissi, Effects of precursor salt on colloidal cobalt 

oxyhydroxides composition and its application in non-enzymatic glucose electrooxidation, South 

African Journal of Chemistry, 70 (2017) 137-144. 

[8] P.P. Tomanin, P.V. Cherepanov, Q.A. Besford, A.J. Christofferson, A. Amodio, C.F. 

McConville, I. Yarovsky, F. Caruso, F. Cavalieri, Cobalt Phosphate Nanostructures for Non-

Enzymatic Glucose Sensing at Physiological pH, ACS Applied Materials & Interfaces, 10 (2018) 

42786-42795. 

22



ภาคผนวก 

Output จากโครงการวิจยัท่ีได้รบัทุนจาก สกว. 
1. ผลงานตพีมิพใ์นวารสารวชิาการนานาชาต ิ (เอกสารแนบ 1) 
Metini Janyasupab, Chen-Wei Liu, Narong Chanlek, Sirinart Chio-Srichan, Chamras Promptmas, 
Werasak Surareungchai, “A comparative study of non-enzymatic glucose detection in artificial human 
urine and human urine specimens by using mesoporous bimetallic cobalt-iron supported N-doped 
graphene biosensor based on differential pulse voltammetry,” Sensors and Actuators B: Chemical, 
Volume 286, 2019, Pages 550-563, 
ISSN 0925-4005, https://doi.org/10.1016/j.snb.2019.02.018. 
(http://www.sciencedirect.com/science/article/pii/S0925400519302217) 
เป็นวารสารวชิาการในฐานขอ้มลู Web of Science (Impact factor of 5.67) 
 
2. การน าผลงานวจิยัไปใชป้ระโยชน์เชงิวชิาการ (มกีารพฒันาการเรยีนการสอน/สรา้งนกัวจิยัใหม)่ 
สรา้งบุคลากรใหม่ในการท าวจิยัทีส่ามารถพฒันาประสทิธภิาพในการตพีมิพแ์ละไดส้รา้งองคค์วามรูต้่อยอด
ในการพฒันาเซน็เซอรใ์นประเทศไทยทีจ่ะเป็นประโยชน์ในการตรวจวดัน ้าตาลกลโูคสในปัสสาวะในอนาคต 
 
3. การเสนอผลงานในทีป่ระชุมวชิาการโดยเผยแพรใ่นงานประชุมวขิาการ (ตามเอกสารแนบ 2) 
The IEEE Engineering in Medicine & Biology Society (Malaysia Chapter), IEEE-EMBS Conference 
on Biomedical Engineering and Sciences (IECBES 2018), Kuching, Malaysia, December 3-6, 2018 
ในชื่อผลงาน Development of Amperometric N-doped Graphene supported Cobalt/Iron based Sensor 
for Non-Enzymatic Glucose Detection in Urine โดย Metini Janyasupab และ Chamras Promptmas, 
และการตพีมิพใ์นฐานขอ้มูล IEEE Xplore (Scopus), Section: The 2018 IEEE Engineering in Medicine 
& Biology Society (Malaysia Chapter), IEEE-EMBS Conference on Biomedical Engineering and 
Sciences (IECBES 2018) 
 
 
 
 
 
 
 
 

23

http://www.sciencedirect.com/science/article/pii/S0925400519302217


 

เอกสารแนบ 1 
Metini Janyasupab, Chen-Wei Liu, Narong Chanlek, Sirinart Chio-Srichan, Chamras Promptmas, 
Werasak Surareungchai, “A comparative study of non-enzymatic glucose detection in artificial human 
urine and human urine specimens by using mesoporous bimetallic cobalt-iron supported N-doped 
graphene biosensor based on differential pulse voltammetry,” Sensors and Actuators B: Chemical, 
Volume 286, 2019, Pages 550-563, 
ISSN 0925-4005, https://doi.org/10.1016/j.snb.2019.02.018. 
(http://www.sciencedirect.com/science/article/pii/S0925400519302217) 
เป็นวารสารวชิาการในฐานขอ้มลู Web of Science (Impact factor of 5.67) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

24

http://www.sciencedirect.com/science/article/pii/S0925400519302217


Contents lists available at ScienceDirect

Sensors and Actuators B: Chemical

journal homepage: www.elsevier.com/locate/snb

A comparative study of non-enzymatic glucose detection in artificial human
urine and human urine specimens by using mesoporous bimetallic cobalt-
iron supported N-doped graphene biosensor based on differential pulse
voltammetry

Metini Janyasupaba,⁎, Chen-Wei Liub, Narong Chanlekc, Sirinart Chio-Srichanc,
Chamras Promptmasd, Werasak Surareungchaie,f

a Department of Electronics Engineering, Faculty of Engineering, King Mongkut’s Institute of Technology Ladkrabang, Bangkok, 10520, Thailand
bGreen Energy and Environment Research Laboratories, Industrial Technology Research Institute, Hsinchu 310, Taiwan
c Synchrotron Light Research Institute (Public Organization), Nakhon Ratchasima, 30000, Thailand
dDepartment of Biomedical Engineering, Mahidol University, Nakhon Pathom, 73170, Thailand
e School of Bioresources and Technology, King Mongkut’s University of Technology Thonburi, Bangkok, 10150, Thailand
fNanoscience and Nanotechnology Graduate Program, Faculty of Science, King Mongkut’s University of Technology Thonburi, Bangkok 10140, Thailand

A R T I C L E I N F O

Keywords:
Bimetallic catalyst
Non-enzymatic detection
Glucose in urine

A B S T R A C T

Development of non-invasive glucose measurement allows future advancement of smart sensing platform for
diagnostic technology. Especially for endocrine disorders, advanced kidney diseases, and diabetes, monitoring
excessive glucose level in urine can provide invaluable information for clinical prognosis and preventive
healthcare. Herein, we present a comparative electrochemical study of cobalt/iron (CoFe) catalyst on nitrogen-
doped graphene (NG) for non-enzymatic glucose detection, carried out in physiological pH urine including (i)
modified artificial urine medium (mAUM), (ii) commercial standard urine (Surine), and (iii) human urine
specimens. With no requirement of strong alkaline addition, catalytic properties of CoFe-NG were assessed by
using cyclic voltammetry (CV) and differential pulse voltammetry (DPV) on a glassy carbon rotating disk
electrode. Upon successive glucose additions from 0 to 3mM, DPV results revealed two anodic peaks at +0.18 V
and +0.42 V versus Ag/AgCl, corresponding to Co3+ and Co4+ as a result of glucose binding in urine. By
evaluating at +0.18 V, the sensitivities of CoFe-NG were estimated to be 16.77 (R2=0.987), 45.36
(R2=0.988), and 20.26 (R2= 0.991) μAmM−1 cm−2 with the limit of detection of 0.25, 0.07, and 0.19mM in
mAUM, Surine, and human urine specimen with low serum creatinine, respectively. Furthermore, the effects of
CoFe on graphene (G) and carbon Vulcan XC-72 (C) were also studied in comparison of NG on the bimetal.
Interestingly, CoFe-C showed a good electrochemical trend in glucose detection in urine. However, negligible
catalytic activity was presented in CoFe-G. Thus, electrochemical responses of CoFe-C were also further studied
in the comparison of CoFe-NG in each type of urine. Overall, CoFe-NG outperformed CoFe-C in all types of urine
and exhibited an excellent anti-interference property toward uric acid, thereby suggesting great potential for the
next generation of glucose sensing platform in urine.

1. Introduction

A growing concern of diabetes mellitus has become a globally sig-
nificant public health challenge, causing other non-communicable dis-
eases and health complications such as cardiovascular disease, stroke,
and chronic kidney failure [1]. For ease of comfort, non-invasive glu-
cose measurement has tremendously gained more attention not only in
treatment efficacy but also preventive healthcare promotion. For

practical glucose monitoring, an assessment of glucose in urine can be a
good indicator [2–5], easily accessible and secreted from excessive
glucose in the body due to an imbalance of kidney function, endocrine
disorders and hyperglycemia. Recently, development of non-enzymatic
glucose detection has been demonstrated to overcome the limitations of
traditional enzyme based glucose sensors, affected by humidity, pH,
enzyme’s deformation, poor reproducibility, and high cost of produc-
tion [6]. As explained by Pletcher [7], the mechanism of non-enzymatic
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glucose sensor is involved in chemisorption of hydroxyl group onto the
metal catalyst, subsequently allowing a bond formation of the d-elec-
tron of metal-and glucose molecule. As a result, a change of oxidation
state of glucose molecule onto the metal surface also corresponds to a
change of metal-glucose interaction, thereby lowering glucose-metal
bond strength and resulting in desorption of glucose molecules [6].
Another possible explanation is based on Incipient Hydrous Oxide
Adatom Mediator (IHOAM) model, proposing a pre-monolayer process
of OHads that mediates the oxidation of glucose [8].

By considering a mimicking process of enzyme-like mechanism,
several metals and metal oxides such as Au [9], Pt [10,11], Cu [12–15],
Ni [16–18], Mn [19,20], Co [21,22], and Fe [23,24] have been reported
the direct electrochemical oxidation of glucose and electron transfer.
Among these metals, Co based catalysts have been considered an at-
tractive choice due to low cost of production, high stability, excellent
catalytic activities toward hydrogen peroxide (H2O2) and glucose, and
various oxidation states including Co(OH)2, CoOOH, and CoO2

[25–27]. For example, cobalt nitride nanosheet (Co3N-NSs) was re-
ported a high sensitivity of 1137.2 μAmM−1 cm−2 for glucose detec-
tion in alkaline medium as a result of an excellent mass transfer ability
by Co4+ active sites [28]. Also, Co oxide and Co complex including
cobalt oxyhydroxides [29], Co3O4 [30,31], CoOx overoxidized poly-
pyrone [32], cobalt phthalocyanine [33], and network Co3(PO)4 [27]
have been utilized the Co2+/Co3+ and Co3+/Co4+ redox couples for
non-enzymatic glucose detection under alkaline supporting electro-
lytes. Although the advantage of high catalytic activity and electron
transfer are presented, operation in strongly alkaline condition is not
practical for most of physiological specimens. For the most commonly

used alkaline electrolyte, 0.1M of sodium hydroxide (NaOH) has a pH
of 13, leading to a less environmentally suitable condition for proteins
and other biological analytes. However, eliminating the use of alkaline
supporting electrolyte can severely affected the electron transfer pro-
cess of Co and other non-precious metals. Therefore, functional doping
of carbon materials support has been strategically designed to facilitate
electron transfer process in aqueous media. For example, N-doped
carbon dots [34–36], N-doped graphene quantum dots [37–39], and
pyridinic N-doped graphene [40–43] have reported for the higher
sensitivity in oxygen reduction reaction mechanisms and sensing ap-
plications. Not only promoted electrical conductivity, but a recent study
of N-doping on graphene for non-enzymatic glucose detection in both
alkaline and neutral pH electrolyte has also been proven as an effective
strategy for enhancement of the catalytic activity of graphene due to the
improvement of electron-donor ability, charge distribution, and binding
ability of graphene [44].

Unlike neutral buffer solution, a wide range of pH from 4 to 8 can be
found in normal urine condition [45,46]. In addition, possible elec-
troactive species including bicarbonate, chloride ion, urea, and creati-
nine can be completing the active sites of catalyst during glucose de-
tection. Therefore, our approach in this study was to incorporate Fe
metal in order to facilitate hydroxyl adsorption on Co and consequently
form Co active sites. Iron and iron oxide have also shown a great ad-
vantage of low-cost and excellent catalytic activities toward glucose
detection [23,47–49]. Not only facilitates the electron transfer but iron
oxide also provides an intrinsic peroxidase like catalysis property,
promoting (OH)ads in glucose oxidation [24]. Herein, we investigated
mesoporous cobalt/iron (CoFe) on nitrogen-doped graphene (NG)

Fig. 1. (A) TEM image of CoFe-NG, (B)-(C) TEM images of CoFe, (D) HRTEM of CoFe, and (E) SAED pattern showing the diffraction of Fe2O3 (110), Co(111), and Fe
(200) from inside to outside, respectively.
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catalyst for the first time in physiological pH urine including modified
artificial urine medium (mAUM), commercial artificial urine, namely,
Surine, and human urine specimens. Among these sources of urine,
direct comparisons of electrocatalytic behaviors of CoFe-NG were car-
ried out. The studies were performed on the modified glassy carbon
rotating disk electrode (RDE), providing kinetic response, assessed by
cyclic voltammetry (CV) and differential pulse voltammetry (DPV). In
addition, the effects of different carbon supports such as graphene (G)
and active carbon Vulcan XC-72 (C) on CoFe were also evaluated in
both alkaline and neutral pH conditions. Furthermore, morphological,
elemental, and chemical properties of CoFe-NG were also characterized.
Overall, CoFe-NG showed an excellent catalytic performance in neutral
media without any electron facilitator, leading to a new advancement
for practical glucose determination in urine.

2. Experimental

2.1. Materials and reagents

Cobalt (II) acetylacetonate (Co(acac)2, 99.0%), Iron (III) acet-
ylacetonate (Fe(acac)3, 99.9%), Oleic acid (OAc, 90%), Oleylamine
(OAm, 70%), Benzyl Ether (BE, 98%), 1-Octadecene (ODE,> 95.0%),
and Trioctylphosphine (TOP, 97%) were used as metal precursors and

solvents for nanoparticle synthesis. Natural graphite flakes (99%), sul-
furic acid (98%), sodium nitrate (NaNO3), potassium permanganate
(KMnO4), and ammonia were used to produce graphene oxide and NG.
In comparison of different carbon supports, Vulcan XC 72R (Cabot) and
graphene powder were used in this study. For electrochemical experi-
ments, Surine, Nafion (5% solution), glucose, glacier ascorbic acid
(AA), and uric acid (UA) were used as electrode coating materials and
testing reagents. Sodium bicarbonate (NaHCO3), sodium chloride
(NaCl), sodium sulphate decahydrate (Na2SO4⋅10H2O), potassium di-
hydrogen phosphate (KH2PO4), di-potassium hydrogen phosphate
(K2HPO4), ammonia chloride (NH4Cl), creatinine, and urea were used
to prepare mAUM by the following guideline [46,50] in Supplemental
Section S1. Deionized water (18.2MΩ) was utilized to prepare all so-
lutions. All chemicals were of analytical grade and purchased from
Sigma Aldrich without further purification. Human urine specimens
were obtained from patients at Ladkrabang Hospital, Bangkok, Thai-
land.

2.2. Synthesis of nanoparticles

Bimetallic CoFe was prepared by a modified method of template-
free self-assembly approach as reported by Zhang et al. [51]. In a ty-
pical synthesis of the single Co, a mixture of organic solvents,

Fig. 2. (A) STEM bright field image of CoFe cluster, (B) EDS spectrum, and (C) EDS elemental mapping of O, Fe, and Co elements on Cu grid.
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containing 8mL of OAm, 4mL of OAc, 4mL of ODE and 2mL of TOP,
was added into a three-neck flask. After stirring for 5min, 156.96mg of
Co (acac)2 (0.61mmol) was dissolved into 2mL BE and then added to
the flask. The mixture was then heated up to 110 °C under nitrogen for
1 h to remove all impurities, and continuously to 230 °C for 20min to
form Co nanoparticles. Afterward, the solution turned black, and was
cool down at room temperature with isopropanol addition. The black
precipitate was then collected by centrifugation at 10,000 r.p.m. for
20min, 0 °C, and washed with hexane and methanol several times.
Subsequently, the single Co was collected and stored in hexane. For
bimetallic CoFe synthesis, 0.61mmol of Fe(acac)2 was dissolved in the
organic solvents and then mixed with 0.2mmol Co nanoparticle solu-
tion. Similarly, the CoFe was followed the aforementioned synthesis
steps to collect the black precipitate and stored in hexane.

2.3. Synthesis of modified N-doped graphene

N-doped graphene was prepared by hydrothermal reduction of
graphene oxide and a nitrogen source, ammonia. Initially, graphene
oxide was synthesized by the modified Hummer method [52] described
in Supplemental Section S2. Subsequently, N-doped graphene pre-
paration was followed by Chen et al. and Sui et al. [53,54]. In brief, the
as-prepared graphene oxide powder was dispersed in water by

ultrasonication (5mgmL−1), and centrifugation at 4000 rpm for
30min. 30mL of graphene oxide suspension was then mixed with 0.6 g.
of ammonia under stirring for 15min. The solution was then transferred
into a 50mL-Teflon-line autoclave and raised the temperature to 180 °C
for 12 h. After the reaction was cool down, the solution was vacuum
filtered and washed with DI water to collect the precipitate NG. Finally,
NG was dried at 80 °C overnight.

2.4. Preparation of NG and CoFe catalysts on modified glassy carbon
electrode (GCE)

Prior to each trial, GCE (diameter of 5mm) was clean with DI water
and ethanol, then polished with alumina powder, and ultrasonicated for
15min. Metal loading of 10% wt. CoFe was loaded onto NG, G and C for
a preliminary evaluation on supporting materials. Followed by ultra-
sonication for 1 h, the suspension was then dried at 80 °C for 12 h to
obtain catalyst powder. In the preparation of the modified GCE, 8mg of
catalyst was dissolved into 100 μL ethanol and added 100 μL of 5%
Nafion solution. Then, 8 μL of the mixture was dropped on the GCE (the
metal catalyst loading of 163 μg cm−2).

2.5. Material characterizations

Morphological, elemental, and chemical characterizations of the as-
prepared catalysts were studied by Transmission Electron Microscopy
(TEM), Scanning Transmission Electron Microscopy (STEM) and Energy
Dispersive X-ray spectroscopy (EDS), operated by JEOL JEM-200CX at
200 kV, X-ray diffraction (XRD, Scintag X-1, operating at 40 kV and
40mA and using Cu K α radiation λ=1.54056 Å), Fourier Transform
Infrared spectra (FTIR, Shimadzu, IRPrestige-21, Japan, operated at
4000–400 cm−1 in Attenuated Total Reflection (ATR) mode), and X-ray
Photoemission Spectroscopy (XPS, PHI 5000, Versa Probe II XPS
system, ULVAC-PHI, Japan)

2.6. Electrochemical performance

A three-electrode system of working electrode (GCE), auxiliary
electrode (Pt), and reference electrode (Ag/AgCl) was employed to
examine electrochemical properties in mAUM, Surine, and human urine
samples, with the measured pH values of 6.8, 6.7, and 6.5, respectively.
For all studies, measurements of glucose concentration from 0 to 3mM
were conducted by successive additions of 2.5 μL of 500mM glucose
into 5-mL testing urine solution. Also, RDE was electrochemically clean
by applying the pretreatment from 0 to 1.2 V at 50mV s−1, 50 cycles
before each test. In this study, CV measurements were performed from
−0.2 to 1.0 V vs Ag/AgCl at scan rate of 50mV s−1. And, the results of
DPV were obtained from 0 to 1 V vs Ag/AgCl with the inclement of
4mV, amplitude of 50mV, pulse width of 0.05 s and pulse period of
0.5 s. Furthermore, AA and UA were added as interfering species in
mAUM. All measurements were carried out by CHI900B potentiostat
and the RDE modular workstation (Pine Research Instruments, USA),
operated at 900 rpm for controlling the kinetic environment.

3. Results and discussion

3.1. Material characterizations

The microstructure of CoFe-NG (Fig. 1A) and morphology of CoFe
(Fig. 1B) were characterized by TEM. As shown in Fig. 1C, mesoporous
spherical clusters of CoFe, ranging from 74 to 246 nm, can be observed
with the average of 176 nm in diameter. In each cluster, small Co and
Fe nanoparticles were highly interconnected between neighboring
atoms. For a high-resolution TEM, Fig. 1D shows CoFe nanoparticles
with the average diameters of 8.25 nm, and crystalline lattice fringes
with the d-spacing of 0.208 and 0.253 nm, corresponding to Co(111)
and Fe2O3(110), respectively. Further details of the crystalline lattice

Fig. 3. (A) XRD patterns of CoFe-NG with the primary peaks indexed to JCPDS
references and (B) FTIR spectra of CoFe-NG (black), CoFe-NG mixed with 2mM
glucose in urine without DPV operation (red), and CoFe-NG after DPV operation
in the presence of 2mM glucose in urine (blue). (For interpretation of the re-
ferences to colour in this figure legend, the reader is referred to the web version
of this article.)
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can be observed in selected area electron diffraction (SAED) analysis as
shown in Fig. 1E. The patterns reveal three concentric diffraction rings
from the center with the d spacing of 0.253, 0.208, and 0.146 nm,
corresponding to Fe2O3(110), Co(111), and Fe(200), respectively.
Furthermore, Fig. 2A and B present STEM image and EDS spectrum of
the catalyst, confirming the coexistence of C, Co and Fe with the esti-
mated composition in the gravimetric percentage of 0.5% Fe, 1.9% Co,
and 85% C. On the selected cluster, Fig. 2C demonstrates elemental
mapping of Co, Fe, and O elements, suggesting concentric center Co
with the surrounding iron oxide throughout the cluster.

Fig. 3A shows an XRD characteristic pattern of CoFe-NG catalyst
powder from 20° to 80° with the inset of the high-resolution XRD pat-
tern. In detail, a strong carbon peak was indicated at 25.8° indexed to
JCPDS 26-1080. Diffraction peaks of Co, Fe, Fe2O3, and CoFe2O4 were
also observed and indexed to JCPDS 15-806, JCPDS 06-0696, JCPDS

02-0919, and JCPDS 03-0864, respectively. Furthermore, three distinct
peaks at 35.7°, 44.2°, and 65.0° were also in agreement with the SAED
analysis in Fig. 1E, confirming the lattice phase of Fe2O3(110), Co(111),
and Fe(200) in this study. In addition, the FTIR spectra of CoFe-NG
samples were examined with the following conditions: (i) freshly pre-
pared CoFe-NG catalyst, (ii) CoFe-NG mixed with 2mM glucose but no
electrochemical DPV operation, and (iii) CoFe-NG after 2mM glucose
detection under DPV operation. The results of these condition (i)–(iii)
were denoted as CoFe-NG (black), CoFe-NG+glucose (red), and CoFe-
NG/DPV+glucose (blue), respectively in Fig. 3B. In particular, all
spectra manifest OH bonding in the range of 3500–3000 cm−1 and also
the band at 1600 cm−1, corresponding to OH absorption and OH
bending, respectively [29,55]. A shoulder at 1543 cm−1 was observed
and assigned to a typical interval for amide II (C-N) absorption in the
condition (iii) after DPV operation of 2mM glucose, implying that the

Fig. 4. (A) XPS wide spectrum of N-doped graphene supported CoFe catalyst, (B–F) High-resolution spectra of C1s, O1s, N1s, Co2p, and Fe2p, respectively.
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Fig. 5. Cyclic voltammograms of CoFe catalysts on different supporting materials with 2mM glucose (red) and background (black) in mAUM containing 0.1M NaOH
(pH=13). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Fig. 6. Cyclic voltammograms of CoFe catalysts on different supporting materials with 2mM glucose (red) and background (black) in Surine (pH=6.7). (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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formation on C-N of CoFe-NG occurred in the glucose oxidation of
CoFe-NG. In addition, there were 4 bands in glucose absorption region
including the bands of 1234–1215, 1157–1150, 1080–1053 and
987–975 cm−1 representing CeOeC and CeO stretching bonds [29]. It
was worthy to note that the shift of these peaks to the lower wave-
number was observed. Moreover, none of these peaks was presented by
CoFe-G (shown in Fig. S3). Furthermore, the peaks at 670 and
560 cm−1 were attributed to the vibration in metal oxide regions
[29,55–57].

For surface chemical compositions, CoFe-NG was characterized by
XPS. As shown in Fig. 4A, the wide scan of XPS spectra indicates the
presence of C, O, Co, Fe, N, and Si-substrate. In Fig. 4B, four resolved
peaks of the C1s were located at 284.2, 285.1, 286.5 and 288.6 eV,
attributed to CeC, CeN, CeO, and C]O bonds of N-doped graphene,
respectively. In addition, the interaction of carbonyl group and hy-
droxyl group were also confirmed in O1s (shown in Fig. 4C) with the
fitted curves of binding energy at 531.6, 532.4, and 533 eV, corre-
sponding to CeO, C]O, and OH groups, respectively. In Fig. 4D, two
resolved peaks of N1s at 399 and 399.7 eV represented pyridinic N and
pyrodinic N on the catalyst. It was notably reported that the role of
pyridinic N is an important N species for electrocatalysis by promoting
current density, cathodic reduction peak, and onset potential in oxygen
reduction reaction [21]. Furthermore, Co2p and Fe2p spectra were
attributed to Co2+ and Fe2+ species as shown in Fig. 4E and F,

respectively. The overall results of XPS study confirmed that all surface
chemical compositions of CoFe-NG were found in the as-prepared cat-
alyst.

3.2. Electrochemical performance in mAUM and surine

In our preliminary studies, the effect of CoFe incorporated on NG
was evaluated with different carbon supports in alkaline medium as
well as neutral pH urine. Fig. 5 illustrates CV results of 2mM glucose by
using pure CoFe, CoFe-C, CoFe-G, and CoFe-NG in mAUM with 0.1M
NaOH (pH=13). In comparison to the absence of glucose (black), the
increasing oxidation current from glucose addition only occurred in the
case of CoFe-NG. While decreasing oxidation current was observed in
both CVs of pure CoFe and CoFe-C, negligible response was found in
that of CoFe-G. Further studies of support materials were also per-
formed by using only C, G, and NG to detect glucose in alkaline and
physiological pH Surine as shown in Supplemental Section S4. In Fig.
S4-1, CV of NG explicitly shows the increase of oxidation current of
glucose in mAUM with 0.1 M NaOH as compared to that of G and C.
Thus, the oxidation of glucose in alkaline medium was attributed the
catalytic property of NG. However, no obvious electrochemical re-
sponse of glucose was observed in Surine (pH of 6.7) by any of these
carbon materials as shown in Fig. S4-2. Therefore, further CV mea-
surements of CoFe, CoFe-G, CoFe-C and CoFe-NG were performed in

Fig. 7. Cyclic voltamograms of (A) CoFe-NG and (B) CoFe-C; differential pulse voltammograms of (C) CoFe-NG and (D) CoFe-C; calibration plots of (E) CoFe-NG and
(F) CoFe-C in mAUM, respectively.
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physiological pH Surine. Fig. 6 indicates that only CoFe-NG shows the
obvious electrochemical change of glucose response in Surine. In con-
sideration of well-conducted graphene, CoFe-G did not indicate su-
perior results in both Figs. 5 and 6 due to the less catalytic glucose
binding as compared to CoFe-NG. Hence, our results summarized that
both CoFe and NG incorporation play important roles for catalytic
glucose oxidation in nearly neutral pH urine environment. For pro-
viding more comparative electrochemical behaviors of CoFe-NG, CoFe-
C was also selected as a control in further CV and DPV experiments in
this study.

For glucose determination in physiological urine, Fig. 7 shows CVs,
DPVs, and calibration plots of CoFe-NG and CoFe-C over the range of
0–3mM glucose in mAUM. In detail, Fig. 7A shows small increasing
oxidation current approximately in the range of 20–30 μA in mAUM,
due to the dominating non-faradic process in CV of CoFe-NG. On the
other hand, CV of CoFe-C in Fig. 7B demonstrates the decreasing oxi-
dation current upon glucose addition at the oxide formation region
above 0.55 V onwards. This phenomenon of diminishing current upon
increasing glucose substrate could be explained by the depletion of the
oxygen in discharge process of CoO2 and Fe2O3 species [58]. Further
details on electrocatalytic activities in faradic process were carried out
by DPV. As shown in Fig. 7C, a distinct oxidation peak of 0.18 V was
presented in DPV of CoFe-NG, corresponding to the catalytic activity
from the Co3+ formation [30,58]. As increasing glucose concentration,
the higher oxidation peak at this location was observed. In contrast,

Fig. 7D displays the decreasing oxidation current in DPV of CoFe-C
located at 0.88 V, verifying the depletion of CoO2 and Fe2O3 oxide layer
toward glucose binding. Furthermore, the calibration curve of CoFe-NG
in Fig. 7E was evaluated at 0.18 V with the calculated sensitivity of
16.77 μAmM−1 cm−2 (R2= 0.987) in mAUM. In Fig. 8F, there were
two linear regions of oxide depletion in CoFe-C, indirectly quantified
glucose measurement at 0.88 V with the estimated sensitivities of
−378.09 μAmM−1 cm−2 (R2= 0.944) and −335.29 μAmM−1 cm−2

(R2= 0.942), respectively. In addition, Fig. S5 shows the onset poten-
tials of pure carbon, CoFe-C, pure N-doped graphene, and CoFe-NG in
mAUM. The CoFe-C had an onset potential of 0.40 V, higher than that of
CoFe-NG about 0.1 V. Therefore, the advantages of lower onset poten-
tial and high catalytic glucose oxidation of CoFe-NG were certainly
favorable in chemisorption. Hence, excellent anodic current of CoFe-NG
was explicitly shown in mAUM.

For more insightful detail of catalytic activity, the clinical negative
control urine, namely, Surine, was used to evaluate electrochemical
response of non-enzymatic glucose detection. It is commonly known the
use of Surine in both pharmaceutical and analytical chemistry as si-
mulated urine test solution. Fig. 8 shows CVs, DPVs, and calibration
plots of CoFe-NG and CoFe-C in Surine. In Fig. 8A and B, both CVs of
CoFe-NG and CoFe-C show increasing oxidation current trends in suc-
cessive glucose measurement from 0 to 3mM in Surine. For further
studies of faradic current, Fig. 8C displays DPV of CoFe-NG, exhibiting
an increasing oxidation current from 0 to 0.8 V with negligible

Fig. 8. Cyclic voltamograms of (A) CoFe-NG and (B) CoFe-C; differential pulse voltammograms of (C) CoFe-NG and (D) CoFe-C; calibration plots of (E) CoFe-NG and
(F) CoFe-C in Surine, respectively.
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oxidation peak found in this case. Similarly, Fig. 8D indicates a small
increasing oxidation current in DPV of CoFe-C, implying less catalytic
activity occurred. According to our previous DPV results in mAUM, the
potential of 0.18 V was contributed by the catalytic Co3+ of CoFe-NG.
Therefore, this potential was selected to evaluate the sensitivities of
DPV in Surine. Fig. 8E and F show the calibration curves of CoFe-NG
and CoFe-C with the sensitivities of 45.36 μAmM−1 cm−2 (R2= 0.988)
and 11.73 μAmM−1 (R2= 0.993), respectively. Although the R2 value
of CoFe-C was higher, the reproducibility of CoFe-C was significantly
poorer and severely affected the overall reliability of glucose mea-
surement.

3.3. Electrochemical performance in human urine specimens

For feasibility in practical applications, glucose measurements of
CoFe-NG and CoFe-C were quantified in human urine specimens in
Fig. 9 and 10. In general, a variation of constituents in human urine
including a different range of pH (4–8), protein waste, and specific
gravity could be found. In this study, four human urine specimens were
obtained from Ladkrabang Hospital, with the clinical information of
patients shown in Table S6. Among these specimens, two of them were
from individuals (ID#01-02) with normal serum creatinine (below
1mg.dL−1), whereas, the exceeding creatinine concentrations from the
other two patients (ID#03-04) were reported in the clinical analysis
Therefore, the urine samples were classified into two types of (I) low

and (II) high creatinine level. As seen in Fig. 9A and B, CVs of CoFe-NG
in human urine specimens Type I demonstrate a decreasing oxidation
current from 0.4 to 1 V upon glucose addition, suggesting a similar
decreasing oxygen discharge process to that of CoFe-C in mAUM. By
controlling the non-faradic process, DPV results in Fig. 9C and D exhibit
two distinct increasing oxidation peaks at 0.18 and 0.42 V, proportional
to the increase of glucose concentrations. Unlike the process in the CV
measurements, DPV results represent faradic current, primarily attrib-
uted to the diffusion control reaction and influenced by the glucose
concentration. A minor shift of potential in DPV was also observed due
to the systematic waveform factors including electrode reaction con-
stant and transfer coefficient [59,60]. Furthermore, the calibration
curve of CoFe-NG in human urine Type I was evaluated at the first
oxidation peak in DPV (at 0.18 V), corresponding to the catalytic Co3+

oxidation process of CoFe-NG in human urine Type I with the sensitivity
of 20.26 μAmM−1 cm−2 (R2= 0.991, n= 3).

Similarly, Fig. 10A and B show CVs of CoFe-NG, indicating the
decreasing oxidation current from 0.4 to 1 V upon glucose addition in
human urine specimen type II. These results verified the fast oxide
formation of Co and Fe2O2/Fe2O3 in all human urine specimens in
oxygen discharge region. By indirectly quantify glucose level, the de-
creasing oxidation current is proportional to the increasing glucose
concentration. In Fig. 10C and D, the DPV results confirm the afore-
mentioned phenomenon by showing the weak oxidation peak at 0.18 V
and strong oxidation current from 0.40 V onward, inversely

Fig. 9. (A–B) Cyclic voltammograms, (C–D) differential pulse voltammograms, and (E) calibration plot of CoFe-NG in human urine specimens type I.
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proportional to the glucose concentration. Therefore, the influence of
exceeding body creatinine might be secreted in urine, promoting more
oxide formation and favorable to the Fe2O2/Fe2O3 cycle or Co oxide
formation. Furthermore, Fig. 10E demonstrates the calibration curve
with the sensitivities of −10.14 μAmM−1 cm−2 (R2= 0.925) and
−55.11 μAmM−1 cm−2 (R2= 0.967) for the lower glucose con-
centration (< 1mM) and the higher glucose concentration, respec-
tively. In addition, similar trends of decreasing oxidation current oc-
curred in CV and DPV results of CoFe-C in human urine Type II as
shown in Fig. 11 with the estimated sensitivity of −57.83 μA
mM−1 cm−2 (R2= 0.984) evaluated at 0.88 V. Hence, both CoFe-NG
and CoFe-C suffered the slow catalytic Co3+ oxidation in the case of
specimens from patients with the high serum-creatinine level.

3.4. Catalytic performance and detection mechanism in physiological pH
urine

According to our results in Figs. 7–11, there were 3 oxidation po-
tentials located at 0.18, 0.42, and 0.88 V involved in non-enzymatic
glucose detection in urine. The possible mechanism of CoFe-NG relied
on the electrooxidation of pre-monolayer hydroxyl Co active sites and
oxide formation of Co and Fe. As previously discussed, the catalytic
importance of OHads layer was well-known to mediate oxidation, fol-
lowed by chemisorption of glucose [8]. Several studies of Co based
catalysts were also reported the presence of Co redox pairs in non-

enzymatic glucose detection under alkaline medium. These peaks were
attributed to the reduction/oxidation of Co2+/Co3+ and Co3+/Co4+

redox pairs, corresponding to the conversion of (i) Co(OH)2/Co3O4, (ii)
Co3O4/CoOOH, and (iii) CoOOH/CoO2, respectively [55,58]. In this
study, the catalytic glucose oxidation of Co3+/Co4+ redox pairs oc-
curred at the potential redox waves (ii) and (iii), indicating the for-
mation of CoOOH and CoO2 at 0.18 and 0.88 V, respectively. Based on
our XRD and TEM analysis, the formation CoOOH could be resulted
from Co(0) and Co2FeO4. This process was presented by using CoFe-NG
in mAUM, CoFe-NG in Surine, CoFe-C in Surine and CoFe-NG in human
urine specimen type I. On the other hand, the catalytic glucose oxida-
tion of CoOOH was contributed to the CoO2 formation as presented by
using CoFe-C in mAUM, CoFe-C in human urine type II, and CoFe-NG in
human urine type II. However, the CoO2 formation process seemed to
be affected by the charge/discharge of other competitive species,
leading to the diminution of oxygen discharge in glucose addition at a
higher potential above 0.8 V [8,31,58,61]. In neutral pH urine, Co
could weakly bind to the hydroxyl groups. Our results were also in
agreement of recent experimental and theoretical study by Tomanin
et al. that has proven the presence of Co3+/Co4+ redox pairs and the
most energetically favorable crystalline lattice phase of Co(111) for
glucose detection in phosphate-buffered saline (pH 7.4) [55]. Further-
more, Fe2O3 was likely being reduced to Fe2O2 intermediate species
after interacting with glucose molecules, similar to the oxidation peak
of Fe2O3 on nanowire reported by Cao et al. [35]. As increasing glucose

Fig. 10. (A–B) Cyclic voltammograms, (C–D) differential pulse voltammograms, and (E) calibration plot of CoFe-NG in human urine specimens type II.
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Fig. 11. (A) Cyclic voltammograms, (B) differential pulse voltammograms, and (C) calibration plot of CoFe-C in human urine specimens type II.

Fig. 12. Schematic illustration for CoFe-NG glucose detection in urine.
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concentration, more Fe2O3 sites were consumed by glucose molecules,
thereby decreasing the Fe2O3 oxidation peak, accordingly. This process
was indirectly correlated to the glucose measurement as same as the
CoO2 formation [23,62,63]. Therefore, our proposed detection me-
chanism of CoFe-NG was summarized in (1)–(5) as illustrated in Fig. 12.

2Co3+↔ 2Co4++2e− (1)

2Co4++C6H12O6 (glucose)↔ 2Co3++C6H10O6 (gluconolactone)+
2H+ (2)

Fe2O3+2e−↔ Fe2O2+O2− (3)

Fe2O2+OH−↔ Fe2O3+H2O+2e− (4)

Fe2O3+C6H12O6 (glucose)↔ Fe2O2+C6H10O6 (gluconolactone)+
H2O (5)

Apart from this phenomenon, the performance of CoFe-NG in
mAUM, Surine, and human urine could be comparable to those non-
enzymatic sensors in neutral pH aqueous solution shown in Table 1. It
was commonly known that most of non-precious metals, especially Ni,
are unstable in neutral medium. Thus, most of non-enzymatic sensors
were conducted in strong alkaline medium (pH > 12). Only few non-
enzymatic glucose based sensors were reported in neutral aqueous so-
lution. For example, Gao et al. applied the amperometric based sensor
using bimetallic PtNi on reduced graphene oxide to detect glucose in
0.1 M PBS, showing a wide linear range and with the sensitivity of
20.42 μAmM−1 cm−2. In addition, Fe2O3 nanowire showed an intrinsic
peroxidase-like property to determine glucose in 0.1 mM PBS at the
oxidation peak of 0.521 V. To our best knowledge, the close experi-
mental scenario was reported by Tomanin et al. using cobalt phosphate
nanostructure to detect glucose in PBS (pH 7.4) with a wide linear

range of 1–30mM but very low sensitivity of 7.90 nAmM−1 cm−2 [55].
In this research study, CoFe-NG demonstrated the catalytic oxidation
peak at 0.18 V from the Co3+/Co4+ redox pair and the oxygen dis-
charge from oxide formation of Co and Fe2O3 that was inversely linear
to the concentration of glucose in urine. Furthermore, the results in this
work can contribute to the significance of bimetallic catalyst and
functionalized NG support incorporation, which in turn can establish a
better understanding for more practical design of non-enzymatic glu-
cose sensors in any other physiological medium.

3.5. Long-term stability and interference

For interference studies, possible major electroactive species include
AA, and UA. Both species are commonly secreted in urine, caused by
vitamin C and Gout’s symptom, respectively. As seen in Fig. S7, the
interference studies on CoFe-NG were assessed by CVs of 2mM glucose
in the absence and the presence of AA and UA at 4mg dL−1 (about
0.23mM), respectively. It was found that CoFe-NG is severely oxidized
by AA from 0 to 1 V. However, no changes of CV were shown in the
presence of UA, suggesting an excellent anti UA interference in urine.
Furthermore, reproducibility of CoFe-NG and CoFe-C were evaluated by
DPV at 3mM glucose, estimated to be 4.61% and 8% relative standard
deviation (RSD) in mAUM, respectively. Under optimum conditions,
CoFe-NG showed the excellent reproducibility of 0.38% RSD in human
specimen type II, and the limit of detection (LOD) of 70 μM glucose
(SNR=3). However, other type of urine samples showed the higher
LOD estimations of CoFe-NG in the range of 0.18–0.25mM, comparable
to that of cobalt-phosphate nanostructure reported by Tomanin et al.
[55]. A complete detail of electrochemical behaviors, LOD, limit of
quantification (LOQ), and linear range of CoFe-NG and CoFe-C in each

Table 1
Comparison of different non-enzymatic glucose sensors in neutral medium and/or physiological pH urine.

Electrode Materials Medium Electron
mediator

pH Sensitivity
(μAmM−1 cm−2)

Detection
methodd

Oxidation Peak (V) or
Applied Potential

Linear range
(mM)

Ref.

Au/FGOa urine TESb 7.5 – i-t +0.60 Up to 15 [64]
Pt/Ni Graphene urine – 7.4 20.42 i-t −0.35 35 [65]
Silica coated nano iron oxide/

MWCNTc
PBS K3Fe(CN)6 – N/A CV 2 [62]

K4Fe(CN)6
Fe2O3 nanowire PBS – 7.0 N/A DPV +0.50 0.1–3.0 [23]
Co3(PO)4 PBS – 7.4 0.0079 i-t +0.65 1–30 [55]
CoFe-NG urine – 6.8 45.36 DPV +0.18 0.25–3.0 This

work

N/A: Not applicable due to no report on electrode area or unit cannot be specified.
a FGO: functionalized graphene oxide.
b TES: N-[Tris(hydroxymethyl) methyl]-2-aminoethanesulfonic acid sodium salt buffer.
c MWCNT: Multi-walled carbon nanotube.
d Amperometry (i–t), Differential pulse voltammetry (DPV), Cyclic voltammogram (CV).

Table 2
Summary of electrochemical behaviors of CoFe in urine.

Urine Type Catalyst LOD (mM)
n=4

LOQ
(mM)

Linear Range
(mM)

Trend of CVa Trend of
DPVa

Potential Peak(s) in DPV
(V)

Peak Correspondence

mAUM CoFe-NG 0.25 0.83 0.25–3.0 + + 0.18–0.20 Electroactive sites
CoFe-C 0.07 0.24 1.0–3.0 – – 0.88 Oxide formation

Surine CoFe-NG 0.07 0.23 0.25–3.25 + + Not obvious Oxidation observed from
0–0.8 V

CoFe-C 0.34 1.14 0.5–3.5 + + Not obvious Oxidation observed from
0–0.6 V

Human Urine Type Ib CoFe-NG 0.19 0.64 0.5–2.0 – + 0.18 Electroactive sites
0.39–0.42 Oxide formation

Human Urine Type IIc CoFe-NG 0.18 0.60 1.0–3.0 – – 0.42 Oxide formation
CoFe-C 0.21 0.71 0.25–3.0 – – 0.58 Oxide formation

a Trend of current with increasing glucose concentration: (+) linearly increasing, and (−) linearly decreasing.
b Type I: obtained from patients with low creatinine level (< 1mg dL−1).
c Type II: obtained from patients with high creatinine level (> 1mg dL−1).
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type of urine was reported in Table 2. In term of long-term stability, Fig.
S8 demonstrates an evaluation of the catalytic performance of CoFe-NG
for 36, 44, 81, and 103 days, indicating that the stabilized catalytic sites
of CoFe-NG are formed within 36 days and remain its performance up
to 45 days. Therefore, further study of CoFe-NG would be essential to
develop a longer shelf-life period. Overall, CoFe-NG presented a great
potential of electrochemical behavior in physiological urine with an
excellent anti-UA characteristic, providing a promising advancement
for diagnostic technology.

4. Conclusions

The as-prepared mesoporous CoFe-NG catalyst was developed by
using oleic acid/oleylamine reduction to quantify glucose in urine from
0 to 3mM. With no requirement of strong alkaline condition, CoFe-NG
showed comparable electrochemical response of DPV in mAUM, Surine,
and human specimens. By quantifying glucose, both direct catalytic
oxidation of Co3+/Co4+ redox pair and indirect oxide depletion pro-
cesses were observed. Based on the results, CoFe-NG provided an ex-
cellent sensitivity in mAUM and human urine specimens, suggesting
practical application for glucose measurement in urine.
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Abstract— We presented a cost-effective design of 

electrochemical based biosensor for non-enzymatic glucose 

detection in urine. By incorporating low-cost, non-precious 

cobalt (Co)/iron (Fe) metals, the sensor was employed onto the 

three-electrode system for quantifying glucose level from 0 to 

3.25 mM in artificial urine medium and clinical simulated urine 

solution, namely, Surine. In particular, the fabricated CoFe 

nanoparticles on N-doped graphene (NG) biosensor was assessed 

electrochemical performances by cyclic voltammetry and 

amperometry at applied potential of +0.90 V versus Ag/AgCl, in 

comparison with that of CoFe on carbon supported. Based on the 

results, it was found that two processes of catalytic oxidation and 

oxide depletion are involved in glucose detection. More 

importantly, the as-prepared biosensor exhibited an outstanding 

sensitivity of 476.67 µA.cm-2.mM-1 with R2 of 0.9974 in Surine. 

Furthermore, the low limit of detection was estimated to be 37.7 

µM (signal-to-noise ratio of 3) with an excellent anti-interference 

property toward ascorbic acid, uric acid, and chlorine ions, 

providing a promising advancement for future glucose 

measurement in urine, applicable for sustainable diabetic 

prognosis and management. 

Keywords—glucose in urine, non-enzymatic sensor, cobalt, 

iron, nitrogen-doped graphene 

I. INTRODUCTION  

Diabetes Mellitus has become a major public health 
concern, causing complications and other non-communicable 
diseases including cardiovascular diseases, stroke, and chronic 
kidney failure [1]. According to World Health Organization 
(WHO), more than 422 million people have been living with 
diabetes, which in turn leads to economic and societal burdens 
[2]. Therefore, a sustainable and strategic long-term 
management is essential to a better quality of life for each 
diabetic patient. Especially, self-management at home can be 
applied for practical monitoring in daily basis. Since the first 
commercially innovated glucose stripe sensor, tremendous 
research efforts have also been continuously made and gained a 
great momentum in research. Recently, non-enzymatic glucose 
sensing approach has been motivated to address several 
problems of traditional enzymatic glucose sensors, regarding to 

pH, humidity, enzyme’s deformation, poor reproducibility, and 
high cost of production [3]. Interestingly, the information of 
glucose in urine can become a good indicator [4-6], 
physiologically secreting an excessive glucose from the body 
and can be obtained in a non-invasive manner, providing ease 
of use and comfort for long-term monitoring.  

By considering a mimicking enzyme-like mechanism, 
several metals and metal oxides have been investigated for this 
unique sensing property. In particular, electrochemical 
properties toward glucose detection of possible less expensive 
metals including Mn [7, 8], Ni [9-11], Cu [12, 13], Co [14, 15], 
and Fe [16]. In addition, combinations of these metals such as, 
MnO2/CuO [7], Ni-Co [17], NiCo2O4 [18], have been reported 
their electrocatalytic enhancements due to the synergistic effect 
in catalytic system. However, stabilities of these metals, 
especially Ni, are poor in neutral pH medium, which in turn 
required to operate under strong alkaline media (pH >12). 
Therefore, the experimental environment is far from any 
normal urine condition (pH from 4 to 8) [19, 20].  Thus, further 
improvements of stabilization among these sensing materials 
are necessary for implementation in a physiological urine 
medium for practical biosensing designs. 

Herein, we investigated bimetallic CoFe on NG catalyst in 
a neutral pH urine media’s conditions for non-enzymatic 
glucose based biosensor. The synthesis of CoFe-NG was 
prepared through self-assembly oleic acid reduction and the 
modified Hummer’s method with thermal reduction of nitrogen 
source, ammonia. By generating the hydraulic effect, the 
fabricated CoFe-NG catalyst was employed onto the modified 
glassy carbon rotating disk electrode (RDE) to quantify the 
kinetic response of glucose detection. All catalytic activities of 
CoFe-NG were assessed by cyclic voltammetry (CV) and 
amperometry in comparison with CoFe on carbon support to 
evaluate the effect of supporting materials. Furthermore, an 
interference study on potential chemical species such as 
acetaminophen, ascorbic acid, uric acid, and chlorine ions were 
also carried out. Overall, CoFe-NG exhibited excellent 
catalytic performance in neutral urine without any electron 
facilitator, leading to a new advancement for practical glucose 
determination in urine. 

This research was supported by Thailand Research Fund MRG5980159 and 
Faculty of Engineering, King Mongkut’s Institute of Technology Ladkrabang 
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II. EXPERIMENTAL 

A. Chemicals 

Metal precursors of Fe and Co were from Iron (III) 
acetylacetonate (Fe(acac)3, 99.9%), Cobalt (II) acetlacetonate 
(Co(acac)2, 99.0%), respectively. Oleic acid (OAc, 90%) was 
served as organic reducing agent. In addition, graphite flakes 
(99%), sulfuric acid (98%), sodium nitrate (NaNO3), potassium 
permanganate (KMnO4), ammonia were used to prepared N-
doped graphene (NG) support. Vulcan XC 72R (Cabot) carbon 
support was used in comparison with NG.  For preparation of 
synthetic urine, sodium bicarbonate (NaHCO3), sodium 
chloride (NaCl), potassium dihydrogen phosphate (KH2PO4), 
di-potassium hydrogen phosphate (K2HPO4), sodium sulphate 

decahydrate (Na2SO410H2O), ammonia chloride (NH4Cl), 
creatinine, and urea were used to prepared AUM and compared 
with Surine. All chemicals were of analytical grade and 
purchased from Sigma Aldrich without further purification.  

B. Synthesis and Electrode Fabrication 

The as-prepared CoFe nanoparticles were synthesized by 

self-assembly oleic acid reduction. In a typical run, 156.96 mg 

of Co (acac)2 (0.61 mmol) was dissolved in 4 mL of OAc and 

heated up to 110 ºC under nitrogen atmosphere for 1 hour to 

remove all impurities. Then, the temperature was raised to   

230 ºC, for 20 minutes and cool down at room temperature. 

Black precipitate was then collected Co nanoparticle solution 

by centrifugation at 10,000 r. p. m. for 20 minutes, 0 C, and 

washed with hexane and methanol several times. 

Subsequently, 0.2 mmol Co nanoparticle was added into the 

solution, containing 0.61 mmol of Fe(acac)3 in OAc (4 mL). 

Then, the mixture was repeated the similar steps to that of Co 

to collect the black bimetallic CoFe precipitate and stored in 

hexane.  

For N-doped graphene preparation, graphene oxide was 

synthesized by the modified Hummer method. Successively, 

N-doped graphene preparation was followed by Chen and 

Sui’s previous studies. [21-23]. In brief, the as-prepared 

graphene oxide was dispersed in water by ultrasonication (5 

mg.mL-1), and centrifugation at 4000 r.p.m. for 30 minutes. 

Graphene oxide suspension (30 mL) was mixed with 0.6 gram 

of ammonia under stirring for 15 minutes. The solution was 

then transferred into a 50 mL-Teflon-line autoclave and raised 

the temperature to 180 C for 12 hours. After the reaction was 

cool down, the solution was vacuum filtered and washed with 

DI water to collect the precipitate NG. Finally, NG was dried 

in oven 80C overnight. 

In a preparation of catalyst, CoFe metal loading of 10% 

wt. was added onto N-doped graphene (NG) and carbon 

Vulcan XC72R powder (C) for CoFe-NG and CoFe-C, 

respectively. Followed by ultrasonication for 1 hours, the 

suspension was then heated at 80°C for 12 hours to obtain 

catalyst powder. Then, 8 mg of catalyst was dissolved into 100 

μL ethanol and added 100 μL of 5% Nafion solution. Prior to 

each run, 8 μL of catalyst solution was dropped on glassy 

carbon electrode (GCE, diameter of 5 mm) with the metal 

catalyst loading of 163 μg.cm-2 on each biosensor.  

C. Performances and Characterizations 

As shown in Fig.1, a three-electrode system of working 
electrode (GCE), auxiliary electrode (Pt), and reference 
electrode (Ag/AgCl) was employed to construct biosensing 
system for glucose measurement in AUM (prepared by the 
following guideline [19]), and Surine with pH values of 6.8 
and 6.7, respectively. Experimentally, CV and amperometry 
were used to detect the presence of glucose ranging from 0 to 
3.25 mM by adding 0.5 µL of 0.45 M glucose into a 5-mL 
testing urine solution, at the electrode speed of 900 r.p.m. to 
generate the kinetic environment. Based on the hydraulic 
effect, output of this configuration directly corresponds to the 
catalytic activity, thereby representing sensor’s performance. 
For CV measurement, the input potential waveform was 
applied and measured between the working electrode and the 
reference electrode. In addition, applied potential of + 0.90 V 
(dc bias) was used in amperometry, with current measurement 
between the working electrode and the auxiliary Pt electrode.  
Furthermore, chlorine (Cl-) ion, acetaminophen (AP), ascorbic 
acid (AA), and uric acid (UA) were added as interfering 
species in AUM in the presence of 2 mM glucose detection. 

III. RESULTS AND DISCUSSION 

A. Detection Mechanism 

At present, there is little understanding on how these metals 

can provide direct oxidation of glucose and electron transfer. In 

1984, the mechanism proposed by Pletcher [24] demonstrated 

an intrinsic chemisorption of hydroxyl group onto the metal 

catalyst in non-enzymatic glucose detection process. 

Subsequently, the pre-hydroxyl layer allowed a bond formation 

of the d-electron of metal atom and the glucose molecule, 

thereby lowering glucose-metal bond strength and resulting in 

desorption of glucose molecules.  Another possible theoretical 

study was derived from Incipient Hydrous Oxide Adatom 

Mediator (IHOAM) model, that was presumably involved a 

pre-monolayer process of OHads and mediated the oxidation of 

glucose molecule [25].  

 
Fig.1. Schematic of electrochemical based biosensor system 
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In this study, possible mechanism of CoFe-NG catalyst was 
fundamentally rationalized by pre-monolayer hydroxyl 
adsorption of catalytic active sites. In this case, the interaction 
of Co(0) and OH group was strongly formed CoOOH and 
CoO2 species as shown below: 

Co(0) + 2OH- ↔ Co(OH)2 + 2e-                      (1) 

Co(OH)2 + OH-  ↔  CoOOH + H2O + e-       (2) 

CoOOH + OH- ↔ CoO2 + H2O + e-                            (3) 

 2CoO2 + C6H12O6 ↔ 2CoOH + C6H10O6+ H2O            (4) 

As shown in Fig.2, the oxidation of CoO2 in (1)-(3) would 
generate current, contributed to the kinetic currents when 
binding with glucose molecule (C6H12O6) and oxidize to 
gluconolactone (C6H10O6), accordingly (4). It was also known 
that CoOOH is normally formed under alkaline medium 
conditions, showing an oxidation potential peak at 0.30 V or 
less. Subsequently, the CoOOH can be further oxidized, 
resulting in CoO2 active sites formation [25].  However, Co 
could weakly bind to the hydroxyl groups in neutral aqueous 
solution. Thus, less amount of active binding sites may be 
formed in this condition. Furthermore, the intermediate species 
of Fe2O3 would presumably be reduced to Fe2O2 when binding 
with glucose as shown in (5)-(7), resulted in the decrease of 
overall kinetic current.  

Fe2O3 + 2e- ↔ Fe2O2 + O2-             (5) 

Fe2O2 + OH- ↔ Fe2O3 + H2O + 2e-                     (6) 

Fe2O3 + C6H12O6 ↔ Fe2O2 + C6H10O6 + H2O      (7) 

B. Catalytic Performance in synthetic urine 

With enzyme-free glucose based sensors have exploited the 
strong affinity and catalytic process of glucose binding with the 
active sites of catalyst. Fig.3a shows CV of CoFe-NG with the 
presence of glucose 0.5, 1, 2, and 3 mM in AUM, expressing 
the cathodic reduction from -0.2 to 0.4 V. In comparison, Fig. 
3b indicates the decreasing oxidation current from 0.4 to 1.0 V  

of CoFe-C in AUM as increasing glucose concentration from 
0, 0.5, 1, 2, and 3 mM, successively. Based on the results, 
different supporting materials have played an important role to 
promote the detection mechanism on CoFe active sites, thereby 
exhibiting totally different electrochemical behaviors. 

For further detail of catalytic performance, CoFe-C and 
CoFe-NG were assessed by amperometry. According to the 
CV of CoFe-C, the glucose oxidation process was initiated 
from +0.40 V to +1.0 V vs Ag/AgCl. Therefore, +0.90 V was 
arbitrary selected to investigate the catalytic activity at this 
potential. In Fig.4a, amperometric response of CoFe-C was 
shown in the presence of glucose in series of 0 to 3.25 mM 
with 0.25 mM increment, illustrating the decreasing oxidation 
current as increasing concentration of glucose. This 
phenomenon could be explained by formation of Fe2O2 and 
depletion of Fe2O3 when binding with glucose molecules.  In 
addition, Fig.4b shows the calibration curve of CoFe-C in 
AUM with the estimated sensitivities of -266.57 µA.cm-2.mM-1 
(R2 = 0.9622), and -58.58 µA.cm-2.mM-1 (R2 = 0.9591), for the 
lower glucose concentration (below 1.25 mM) and the higher 
concentration, respectively. 

 
Fig.2. Schematic mechanism of non-enzymatic glucose detection by CoFe 
nanoparticles on N-doped graphene  

 

 
 

Fig.3. Cyclic voltammograms of (a) CoFe-NG and (b) CoFe-C in the 
presence of 0.5, 1, 2, 3 mM glucose addition in AUM 
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In comparison with that of CoFe-C, Fig.5a shows 
amperometric response of CoFe-NG with the increasing 
oxidation current at +0.90 V as increasing glucose 
concentration from 0 to 3.25 mM, implying catalytic reaction 
process of CoOOH and CoO2 in glucose oxidation. As shown 
in Fig.5b, the calibration curve of CoFe-NG in AUM expresses 
two linear regions of the lower glucose concentration level 
(below 1 mM) and the higher one with the estimated 
sensitivities of 236.64 µA.cm-2.mM-1 (R2 = 0.9249), and 
108.31 µA.cm-2.mM-1 (R2 = 0.9881), respectively. Thus, the 
excellent catalytic performance of CoFe-NG in AUM provided 
a promising result to detect glucose in urine and further 
assessment. 

C. Catalytic Performance in Surine 

For practical applications, a feasibility study of the as-
prepared electrode was investigated on clinical urine standard, 
namely Surine, commonly used in both analytical and 
pharmaceutical analysis for simulated human urine test 
solution. Fig. 6 shows CV of CoFe-NG in Surine, indicating 

cathodic current from -0.2 V to +0.4 V and anodic current from 
0.0 V to +0.80 V.  By examining the faradic process, the 
amperometric response of CoFe-NG in Surine is shown in Fig. 
7a, similar to that of CoFe-NG in AUM. In Fig.7b, the 
calibration plot of CoFe-NG in Surine was calculated the 
sensitivity, estimated to be 476.67 µA.cm-2.mM-1 with the 
excellent correlation coefficient of 0.9974, showing superior 
performance in this environment.  All experiments were 
repeated separately 3 trials with the relative standard deviated 
of 3.0 % RSD, evaluated at 2 mM  

    
Fig.4. (a) Amperometric response of CoFe-C in AUM at +0.90 V vs Ag/AgCl and (b) the calibration curve 

 
 

   
Fig.5. (a) Amperometric response of CoFe-NG in AUM at +0.90 V vs Ag/AgCl and (b) the calibration curve 

 

 
Fig.6. Cyclic voltammogram of CoFe-NG in the presence of  

0.5, 1, 2, 3 mM glucose addition in Surine 

 

 

 
Fig.7. (a) Amperometric response of CoFe-NG in Surine at +0.90 V vs 

Ag/AgCl and (b) the calibration curve 
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glucose concentration. Furthermore, the calculation of limit of 
detection (LOD) was 37.7 µM based on signal-to-noise ratio of 
3, suggesting an appreciable sensing range of glucose detection 
in urine for non-enzymatic biosensing catalyst. 

D. Interference Study 

 The fabricated electrode was further assessed by cyclic 
voltammetry from -0.2 V to 1.0 V versus Ag/AgCl at the scan 
rate of 50 mV.s-1 on RDE 900 rpm rotating speed for 
evaluating possible interference. In normal urine, excessive 
chemical species include Cl- ion, acetaminophen (AP), ascorbic 
acid (AA), and uric acid (UA) can potentially secreted from the 
body. Fig.8a shows CVs at 2 mM glucose concentration by 
using CoFe-NG in AUM in the absence and presence of 0.1 M 
Cl- ion. The result implied an excellent tolerance to chloride 
ion on the as-prepared bimetal. Similarly, Fig. 8b and 8c show 
no difference of 2 mM glucose detection in the presence of 0.1 
mM AA, and 0.02 mM UA, respectively. Consequently, the 
developed catalysts could provide an excellent anti-AA and 
anti-UA properties in urine. Furthermore, Fig. 8d exhibits a 
slightly increasing oxidation current of 2 mM glucose 
detection, from +0.30 V to +1.0 V in the presence of AP, 
attributable to pain relief medicine. Overall, the CoFe-NG has 
shown excellent anti-interference property toward AA, UA, 
and Cl- ion, providing a promising result for future non-
enzymatic glucose sensor.  

IV. CONCLUSION 

We investigated the use of bimetallic CoFe catalyst in the 

development of non-enzymatic glucose sensor in urine. Two 

supporting materials (carbon and N-doped graphene) were 

applied to load 10% metal catalyst. Based on amperometric 

response, CoFe-NG exhibited superior performance to CoFe-C. 

Especially in Surine, CoFe-NG provided an outstanding 

performance with the sensitivity of 476.67 µA.cm-2.mM-1 with 

R2 of 0.9974 from 0 to 3.25 mM glucose detection. 

Furthermore, the limit of detection of 37.7 µM glucose and 

excellent anti-interference property toward AA, UA, and Cl- 

ions, providing a promising results for future low-cost, non-

enzymatic glucose amperometric based sensor in urine. 
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2 พ.ค. 59 ถงึวันทีѷ 13-Feb-62

หมวด 
(ตามสญัญา)

รายจา่ยสะสม
จากรายงาน

ครัѸงกอ่น

คา่ใชจ้า่ย
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4. คา่ใชส้อย 18,631.20      61,823.88 80,455.08 75,200.00 -5,255.08
5. คา่ครุภัณฑ์ 0.00 0.00 0.00 0.00 0.00
6. .............. 0.00 0.00 0.00 0.00 0.00
รวม 415,759.29 116,792.27 532,551.56 600,000.00 67,448.44

จํานวนเงนิทีѷไดรั้บ
งวดทีѷ 1 300,000.00 บาท
งวดทีѷ 2 100,000.00 บาท
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รวม 522,883.49 บาท (B)

153.15 บาท

หมายเหตุ 1. ตวัเลขใน cell สฟ้ีา (ยอดรวมรายจา่ยสะสมจนถงึงวดปัจจบุันและยอดรวมคา่ใชจ้า่ย) ตอ้งเทา่กนั
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2. ยอดจํานวนเงนิคงเหลอื (A-B) ควรเทา่กบัหรอืใกลเ้คยีงกบัยอดคงเหลอืในสําเนาสมุดบัญชี

เมืѷอ วันทีѷ 7/22/59
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จํานวนเงนิคงเหลอื (A-B)

ลงนามหัวหนา้โครงการวจัิยผูรั้บทนุ ลงนามเจา้หนา้ทีѷการเงนิโครงการ
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ชืѷอหัวหนา้โครงการวจัิยผูรั้บทนุ  เมทนิ ี จรรยาสภุาพ
รายงานในชว่งตั Ѹงแตว่ันทีѷ

จํานวนเงนิทีѷไดรั้บและจํานวนเงนิคงเหลอื

51



รบั จา่ย คงเหลอื คา่ตอบแทน คา่จา้ง คา่ใชส้อย คา่วสัดุ ครภุณัฑ์ รวม

งบประมาณ 
(หกั) คา่ใชจ้า่ย 300,000    
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3/6/59 คา่วสัดกุารทดลอง P59/015 -1,140.00 69,724.55     1,140.00      

25/11/59 คา่วสัดกุารทดลอง P59/016 -2,064.00 67,660.55     2,064.00      

24/12/59 คา่วสัดกุารทดลอง P59/017 -4,360.00 63,300.55     4,360.00      

10/1/60 คา่ใชส้อย P59/018 -1,087.00 62,213.55     1,087.00    
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5/1/60 คา่สารเคมี P59/020 -11,982.79 48,555.26     11,982.79    

20/1/60 คา่ใชส้อย P59/021 -195.70 48,359.56     195.70       

8/1/60 คา่ใชส้อย P59/022 -2,634.00 45,725.56     2,634.00      

15/1/60 คา่วสัดกุารทดลอง P59/023 -2,283.38 43,442.18     2,283.38      

11/4/60 คา่วสัดกุารทดลอง P59/024 -7,379.47 36,062.71     7,379.47      

18/4/60 คา่วสัดสุํานักงาน P59/025 -369.00 35,693.71     369.00         

20/4/60 คา่วสัดสุํานักงาน P59/026 -653.00 35,040.71     653.00         

20/1/03 คา่ตอบแทนงวดทีѷ3 P59/027 -31,200.00 3,840.71       31,200.00     

06/15/60 คา่ตอบแทนงวดทีѷ4 P59/28 -41,600.00 (37,759.29)    41,600.00     

รวม 300,000    -337,759.29 (37,759.29)    124,800.00   -  18,631.20  194,328.09  -       337,759.29   

ยอดยกไป
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รบั จา่ย คงเหลอื คา่ตอบแทน คา่จา้ง คา่ใชส้อย คา่วสัดุ รวม

งบประมาณ 
(หกั) คา่ใชจ้า่ย 220,000    78,000.00     36,000.00  108,000.00  222,000.00   

งบประมาณคงเหลอื 243,605    -253,120.36 (9,514.92)      -               - (5,255.08)   (5,296.48)     (10,551.56)    

ยอดคงเหลอืยกมา 20,568.80 -58328.09 - - 20,568.80  (58,328.09)   -

12/5/2560 รับเงนิงวดทีѷ 2 จาก สกว. R59/02 100,000    62,240.71     

12/5/2560 รับเงนิงวดทีѷ 3 จาก สกว. R59/03 122,000    184,240.71   

31/12/59 ดอกเบีѸยเงนิฝาก R59/04 253.72      184,494.43   

15/06/60 คา่ตอบแทนงวดทีѷ 1 P60/01 -13000.00 171,494.43   13,000.00     

30/06/60 คา่วสัดสุารเคม ี P60/02 -28355.43 143,139.00   28,355.43    

30/0760 คา่วสัดทุดลอง P60/03 -120.00 143,019.00   120.00         

3/10/60 คา่ตอบแทนงวดทีѷ 2 P60/04 -52000.00 91,019.00     52,000.00     

11/9/60 คา่วสัดสุํานักงาน P60/05 -1598.00 89,421.00     1,598.00      

11/9/60 คา่วสัดทุดลอง P60/06 -1350.00 88,071.00     1,350.00      

10/8/60 คา่วสัดทุดลอง P60/07 -169.00 87,902.00     169.00         

23/09/60 คา่วสัดทุดลอง P60/08 -2004.50 85,897.50     2,004.50      

18/09/60 คา่ใชส้อย P60/09 -2568.00 83,329.50     2,568.00    

28/09/60 คา่ใชส้อย P60/10 -2653.60 80,675.90     2,653.60    

11/12/60 คา่วสัดสุํานักงาน P60/11 -879.99 79,795.91     879.99         

19/12/60 คา่วสัดสุารเคม ี P60/12 -9299.58 70,496.33     9,299.58      

13/12/60 คา่ใชส้อย P60/13 -1979.50 68,516.83     1,979.50    

21/12/60 คา่ใชส้อย P60/14 -2698.54 65,818.29     2,698.54      

7/1/61 คา่ใชส้อย P60/15 -550.00 65,268.29     550.00       

ชืѷอโครงการ :        MRG5980159                                  บญัชเีงนิฝากเลขทีѷ 693-0-02858-4
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2/1/61 คา่ตอบแทนงวดทีѷ 3 P60/16 -13000.00 52,268.29     13,000.00     

8/1/61 คา่วสัดทุดลอง P60/17 -1337.50 50,930.79     1,337.50      

16/01/61 คา่ใชส้อย P60/18 -1090.00 49,840.79     1,090.00    

18/01/61 คา่ใชส้อย P60/19 -6264.85 43,575.94     6,264.85      

27/05/61 คา่วสัดสุํานักงาน P60/20 -652.00 42,923.94     652.00         

9/7/61 คา่วสัดทุดลอง Lab P60/21 -239.00 42,684.94     239.00         

11/6/61 คา่ใชส้อย P60/22 -2172.90 40,512.04     2,172.90    

24/8/61 คา่ใชส้อย  ลงทะเบยีน P60/23 -16021.76 24,490.28     16,021.76  

12/6/61 คา่ใชส้อย  ทีѷพัก P60/24 -5235.12 19,255.16     5,235.12    

13/6/61 คา่ใชส้อย ตัѺวเครืѷองบนิ P60/25 -8553.00 10,702.16     8,553.00    

12/2/61 คา่รถและเบีѸยเลีѸยง P60/26 -3000.00 3,000.00    

1/10/61 คา่จา้งนักศกึษาเก็บขอ้มลู P60/27 -18000.00 18,000.00  

30/6/03 ดอกเบีѸยเงนิฝาก 279.00 10,981.16     

31/12/03 ดอกเบีѸยเงนิฝาก 351.20 11,332.36     

2/7/03 ดอกเบีѸยเงนิฝาก 152.72 11,485.08     

รวม 243,605    -253,120.36 (9,514.92)      78,000.00     -  61,823.88  113,296.48  253,120.36   

ยอดยกไป -                
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