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Abstract  

     The proposal of this study is demonstrating a simple vapor sensor for chloroform 

(CHCI3) utilitizing air gap region of the Mach-Zehnder interferometer (MZI) by 

using a single mode optical fiber coupler (3 dB) structure. In the last few decades, 

flammable liquids such as chloroform have been highly used. This chemical liquid 

has some degrees of carcinogenic effects in humans in addition to acute and chronic 

exposure results like blurred vision and nausea.  The two arms of MZI contain a free 

space gap utilized to serve the sensing mechanism by adding chemical liquid 

volumes (0.2, 0.4, 0.6, 0.8, and 1) ml and to set the phase difference with air-gap 

distance 0.5 mm. The small variation in the effective refractive index of chloroform 

is due to changing the propagation of the transmitted light in the MZI’s gap that will 

further shift the optical phase of the signal. The experimental results indicate that the 

output power decreased when the air gap distance is 0.5 mm, and the shifting of 

wavelength will increase toward blue shift when increasing the chloroform liquid 

volumes. A maximum wavelength shift of chloroform is 0.0251 nm when the liquid 

volume is 1 ml and sensitivity of chloroform is 0.0223 nm/ml at air gap distance 0.5 

mm for different chloroform liquid volumes. 
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 زندر-بأستخدم فجوة الهواء كمقياس التداخل ماخ متحدس بخار كلورفورم
 

ضحى نهاد عيسى
1*

 ، حنان جعفر طاهر

 معيج الليدر للجراسات العليا، جامعة بغجاد، بغجاد، العخاق
 الخلاصة

لسشظقة فجهة اليهاء في  مقياس    (CHCI3)الغخض من الجراسة ىه اعيار متحدذ بخار كلهروفهم     
في العقهد القليلة الساضية,  .(dB)3 بأستخجام أحادي الشسط للسقدم اليف البرخي   MZIالتجاخل ماخدنجر 

أستخجم سائل شجيجة الاشتعال مثل الكلهروفهرم. ىحه الدائل الكيسيائية لو بعض درجات التأثيخ السدخطشة في 
على فجهة ىهاء  MZIالإندان حيث أن نتائج التعخض الظفيفة والسدمشة تذهش الخؤية والغثيان. يحتهي ذراعي 

( مل 1, 0.0, 0.6, 0.4, 0.2)بهاسظة اضافة حجم البخوبانهل لتعسل كآلية استذعار مليسيتخ  0.5بسدافة 
للزهء السخسل في فجهة  β ر. يتغيخ ثابت الانتذاليسيتخ( م0.5ولزبط إشارة الظهر مع مدافة الفجهة )

أشارت الشتائج التجخيبية إلى ان الظاقة بدبب التباين الرغيخ الحي سيديح اشارة الظهر البرخي. ماخدنجر 
مليسيتخ، والتغيخ في الظهل السهجي سيدداد نحه السشظقة  0.5الخارجة تشخفض عشج مدافة الفجهة اليهائية 

لسهجي للكلهروفهرم ىه الدرقاء عشج زيادة أحجام الدائل الكلهروفهرم ، وكانت أقرى تغيخ في الظهل ا
نانهمتخ / مل في السدافة  0.0223مل وحداسية الكلهروفهرم  1نانهمتخ عشجما يكهن حجم الدائل  0.0251

 .مليسيتخ لسختلف أحجام الدائل الكلهروفهرم 0.5الفجهة اليهائية 
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Introduction 

     The environmental sensor has been of interest to recent research, the optical fiber sensors are being 

utilized for different detecting applications, e.g. optical fiber sensors are utilized for recognizing the 

nearness of air poisons in the climate [1] and in addition to being utilized in the biomedical field [2, 3]. 

A lot of research in optical fibers has been devoted to sense, and then found applications in the 

chemical field [4]. Concoction detecting innovation has turned out to be vital in a wide assortment of 

regions, including mechanical plants, exploring labs, home and different military applications [5]. In 

recent years the chemical detection techniques have been developed. Chemical sensing with optical 

fibers is one of the most interesting emerging sensor techniques because of the geometrical flexibility 

and the small size to be transmitted encoding information between the spectrometer and a remote 

sample [6]. A chemical transducer and an optical fiber are the two components that constitute an 

optical fiber chemical sensor. The optical fiber is the medium which propagates the light from the 

source to the chemical transducer and guides the light again from the transducer to the photo detector. 

A chemical parameter is then measured in the form of light modified by the transducer [7, 8]. In this 

work, a kind of Mach-Zehnder interferometer of chloroform vapor sensor is fabricated based on the air 

gap using optical fiber coupler (3 dB). The system of wavelength is 1550 nm designed, this 

wavelength is of low cost and available components and. The transmission spectrum of the proposed 

sensor is obtained and then measures the sensitivity of chloroform for different volumes and adjusts 

0.5 mm air distance.   

Materials and Methods 

     Figure-1 shows the set-up utilizing light source which is a diode laser with wavelength of 1550 nm, 

two optical coupler (3 dB) types of single mode fiber, two chambers are Parallel Rectangle-shape 

sealed chambers, fabricated from Polyvinyl chloride (PVC) plastic with dimensions (length =24 cm, 

height = 14 cm, and width =16 cm), and finally optical spectrum analyzer (OSA). The MZI is 

manufactured utilizing 3 dB couplers, the first optical fiber coupler (3 dB) connected to the diode laser 

and the second optical fiber coupler (3 dB) joined to the OSA (YOKOKAWA, Ando AQ6370).  

 
Figure 1-Experimental work for chloroform vapor sensor. 

 

     A created MZI with air gap distance is 0.5 mm under controlled conditions, the length of both arms 

are the same. Chloroform liquid, with volumes (0.2, 0.4, 0.6, 0.8, and 1) ml, is injected in the sensing 

chamber while the reference arm contains only air. The two arms of MZI cause the phase shift when 

the air gap is distant and adjusted, and then the chloroform liquid volumes are injected by a medical 

syringe through a small opening at the top of chamber in the sensing arm. Thus, the small variation in 

the effective refractive index inside the sensing chamber causes phase dissimilarity in the MZI, due to 

the disparate phase velocities [9]. Since the phase difference and the phase velocities are dependent on 

wavelength, the propagating wavelength along the two different arms of the MZI creates a 

superposition pattern. The separation between the two peaks in a two-mode interferometer is defined 

as [10]:- 
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     where   represents the wavelength,   is the MZI length and  ne is the effective difference in the 

refractive index between the two MZI arms. The changes in the RI in the MZI’s sensing arm can be 

defined as [11]:- 

                                       φ    β. .  ne   (2π/  ).  .  ne                                                           (2) 

     where  φ  is the phase shift and  β is the difference between the traveling signal’s initial and 

instant propagation constant (2π/ ne  ). 

Results and Discussion  

     Figure-2 shows the transmission spectrum of MZI for air- gap distance with injected chloroform 

liquid volumes. The black color line refers to only air in air-gap region and the red, blue, pink, green, 

and indigo color lines refer to liquid volume (0.2, 0.4, 0.6, 0.8, and 1) ml in air-gap region 

respectively. The transmission spectrum displacement shows that the chloroform liquid volumes 

increased.  The wavelength shift increased toward the blue region because the refractive index of 

chloroform was 1.43 while the refractive index of air was 1. The refractive index is of an inverse 

proportion with the wavelength as shown in equation (1), therefore the chloroform liquid with the 

higher refractive index will show the wavelength shift in the blue region. 

 
Figure 2-Transmission spectrum of chloroform at air-gap 0.5 mm. 

 

 To calculate the changes in effective refractive index, propagation constant, and the phase 

shift can be done by using equations (1) and (2). This is shown in Table-1 below: 

Table 1-The numerical calculation of chloroform 

Air gap 

distance 

Liquid 

volume 

(ml) 

∆λ 

(nm) 
∆ne 

∆β 

(nm
-1

)×10
3
 

∆φᵒ 

×10
3 

 

 

0.5 mm 

 

 

0.2 0.0074 0.152 0.848 0.257 

0.4 0.0110 0.108 0.570 0.123 

0.6 0.0164 0.072 0.382 0.055 

0.8 0.0210 0.056 0.299 0.033 

1 0.0251 0.047 0.250 0.023 

     The sensitivity of chloroform was calculated by using the program Origin 9, the experimental 

measurement of the wavelength shift responds to the chloroform liquid volumes. From Fig. 3, it can be 

observed that air-gap distance at 0.5 mm shows the sensitivity (0.0223 nm/ml). The relationship 

between the wavelength shift and chloroform volume was linear when the liquid volume increased the 

sensitivity increased too. 
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Figure 3-Sensitivity of chloroform vapor sensor at air-gap distance 0.5 mm. 

 

Conclusion 

     In this paper, a novel and simple single mode MZI chloroform vapor sensor are proposed. 

Experimental results of chloroform vapor sensor show the increase in the chloroform liquid volume 

causes the shift in wavelength (blue shift). The sensitivity of this sensor is 0.0223 nm/ml. 
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