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ABSTRACT 

This study aims to examine the electric current strength of sugar mixed with various electrolyte and non-

electrolyte solutions. The research employed an experimental approach using vinegar, lime extract, 

coffee solution, salt solution, and 70% alcohol combined with sugar solutions. A battery system and a 

digital multimeter were utilized to measure the resulting current in each mixture. The findings indicate 

that increasing the amount of sugar leads to a reduction in current strength, whereas decreasing the 

sugar content results in a higher current output. 
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1. INTRODUCTION 

A solution is defined as a homogeneous mixture composed of two or more substances with varying 

compositions.1 It is considered homogeneous because every part of the mixture exhibits a uniform composition 

and shows no observable differences among its components, even when examined under an optical microscope. 

In a solution, the solvent is the component present in a larger amount, usually in the liquid phase, while the 

solute may be a solid, liquid, or gas present in a smaller proportion. The interaction between the solvent and 

the solute not only produces a uniform mixture but also leads to changes in several physical properties of the 

pure solvent.2, 3 

When a solute is introduced into a solvent, the physical properties of the pure solvent undergo 

modifications. Properties such as boiling point, freezing point, and vapor pressure may increase or decrease 

depending on the number of solute particles present in the solution.4 These changes form an important 
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foundation for understanding the behavior of solutions, including their ability or inability to conduct electric 

current.  

Based on this characteristic, solutions are classified into two main categories, namely electrolyte solutions 

and non-electrolyte solutions.5, 6 Electrolyte solutions contain free ions that originate from the dissociation of 

acids, bases, or salts. Strong acids ionize completely and generate a large number of ions, while weak acids 

ionize only partially and therefore produce fewer ions. The stronger the acidity of a solution, the lower its pH 

value tends to be.7, 8 The presence of free-moving ions enables electrolyte solutions to conduct electricity, 

which can be observed through the illumination of a test lamp or the formation of bubbles at the electrodes.9, 

10 In contrast, non-electrolyte solutions do not conduct electric current because their constituent molecules do 

not undergo ionization in solution. Without charged ions, there are no mobile charge carriers that can facilitate 

the flow of electric current.11, 12 Examples of non-electrolyte solutions include drinking water, urea solution, 

and sugar solution. Sugar solution is categorized as a non-electrolyte solution because sugar molecules do not 

dissociate into ions when dissolved in water.13, 14  The absence of ions results in very low electrical conductivity 

compared to electrolyte solutions such as salt or acid solutions. Furthermore, increasing the concentration of 

sugar in water reduces the electrical conductivity even more, as the rising number of non-ionic molecules limits 

the presence and mobility of any ions in the system.  

Understanding the conductivity behavior of sugar solutions is important for studies related to solution 

properties, chemistry education experiments, and applications involving electrolyte and non-electrolyte 

concepts in everyday life. Therefore, the present study focuses on examining the electrical conductivity of 

sugar solutions at various concentration levels in order to strengthen the fundamental understanding of non-

electrolyte solution behavior.  

2.  EXPERIMENTAL 

2.1. Materials and Tools 

The materials used in this study consisted of vinegar, lime extract, coffee powder, ethanol (70%), fine 

salt, and sugar. The instruments employed to measure the electrical current of the solutions included a 

researcher-assembled electrical circuit and a handheld digital multimeter (DT-830D, model I2041). Several 

simple supporting items, such as small cups and containers, were also utilized to prepare and mix the solutions 

during the experimental procedure. 

 

 

 

 

 

  

 

 

 

 

Figure 1. Setup for measuring current in sugar–solution mixtures. 
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2.2. Research Procedure 

2.2.1. Construction of the Conductor Device 

To construct the conductor, two copper wires of equal length are first prepared by cutting them with 

scissors. A plastic straw is then trimmed into small sections to serve as insulating components. One piece of 

copper wire is tightly coiled around a dropper approximately five times, leaving a section of exposed wire that 

functions as a tail. The second copper wire is wrapped in the same manner, also forming a similar exposed tail, 

resulting in two coiled conductors ready for use in the experimental setup. 

2.2.2. Assembly of the Measurement Circuit 

To assemble the measuring circuit, a multimeter equipped with two test leads is first prepared by 

connecting the black (negative) lead to the port labeled “COM” and the red (positive) lead to the port labeled 

“V-mA.” The 9-volt battery is then fitted with a battery clip. The red crocodile-clip lead is connected from the 

positive terminal of the battery clip to the metal tip of the red multimeter probe. Similarly, the black crocodile-

clip lead is connected from the negative terminal of the battery clip to one of the exposed wire “tails” of the 

conductance sensor. The remaining crocodile clips are attached to the second wire tail of the conductance 

sensor and to the black lead of the battery clip, completing the measurement circuit. 

3.  RESULTS AND DISCUSSION 

3.1. Electrical Conductivity Response of Sugar-Solution Mixtures 

The current–response profile shown in figure 1 reflects the electrochemical behavior of multiple sugar-

solution systems under varying sucrose concentrations (8 g, 16 g, and 24 g). 

 

 

  

 

 

 

 

 

 

 

 

Figure 1. Current strength (A) of sugar–solution mixtures across different solution types 
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The data reveal that mixtures containing 8 g sucrose exhibit the highest measured current across most 

matrices, whereas the 24 g mixtures consistently display the lowest current output. This behavior is indicative 

of a systematic reduction in the density of charge carriers as sucrose concentration increases. Since sucrose is 

a molecular, non-dissociating species, its addition effectively decreases the ionic strength and lowers the 

overall charge–transport capacity of the medium.15, 16 

At constant sucrose mass, significant differences in current intensity among the tested solutions reflect 

differences in their intrinsic electrolytic behavior. The salt solution (NaCl), a strong electrolyte that undergoes 

near-complete dissociation into solvated Na⁺ and Cl⁻ ions, generated the highest current (2.9 A at 8 g sucrose). 

Coffee and vinegar exhibit intermediate conductivity due to the presence of partially ionizable organic acids 

and proton-donating constituents, whereas lime extract behaves as a weak electrolyte with limited ionization. 

Conversely, sucrose solution and 70% alcohol, both characterized by negligible ion dissociation and low 

dielectric constants, produced minimal currents (0.2 A and 0.1 A), consistent with their inherently low free‐

ion populations.17, 18 

The conductivity attenuation with sucrose addition is particularly systematic in the lime, salt, and vinegar 

matrices. For these systems, increasing sucrose concentration substantially reduces the effective ionic mobility 

(µ) by lowering the number of solvated ions and increasing solution viscosity (η), which inversely affects ion 

transport according to the Stokes–Einstein framework. The salt system illustrates this effect most clearly: the 

current decreases sharply from 2.9 A (8 g) to 1.3 A (16 g) and further to 0.5 A (24 g), reflecting a strong 

dilution and mobility‐suppression mechanism.15, 16, 19 

A deviation from monotonic behavior is observed in the coffee system, where the current increases 

slightly from 2.3 A (8 g) to 2.5 A (16 g) before decreasing sharply to 0.5 A at 24 g. This transient enhancement 

suggests that moderate sucrose levels may improve the dispersion or solubilization of ionizable coffee 

constituents, transiently increasing ionic strength. However, at higher sucrose concentrations, the non-

electrolyte dominating effect leads to a substantial reduction in ionic conductivity. Similar minor fluctuations 

in the sugar and sugar–alcohol systems (very low currents at all concentrations) are likely attributable to 

instrument sensitivity and contact–interface variability rather than true changes in ionic conduction.16, 20 

From a physicochemical standpoint, these observations align with electrolyte theory. Sucrose does not 

dissociate in water, thereby contributing no increase in charge carrier density. Its increasing concentration leads 

to (i) reduced dielectric constant of the medium, (ii) increased viscosity, (iii) decreased ionic mobility, and (iv) 

dilution of existing ions-collectively suppressing current flow. In contrast, NaCl dissociation provides a high 

concentration of mobile ions, while vinegar and lime extract generate variable quantities of H⁺ and organic 

anions. The extremely low conductivity of 70% alcohol is expected, as ethanol possesses a much lower 

dielectric constant than water and supports virtually no ionic dissociation.20, 21 

Overall, the results demonstrate that the measured current is governed primarily by ionic strength, 

dielectric properties, viscosity, and ion mobility of the mixtures. Systems containing ionizable solutes exhibit 

high conductivity at low sucrose concentration but undergo strong conductivity suppression at elevated sucrose 

levels. Non-electrolytic systems remain consistently resistive regardless of sucrose content. These patterns are 

fully consistent with established principles of ionic conduction and solution dynamics. 
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3.2. Influence of Sucrose and Ionic Composition on Solution Conductivity 

The findings of this study indicate that sugar plays a significant role in altering the electrical conductivity 

of a solution. As a non-electrolyte, sucrose dissolves in water without undergoing ionization, meaning it 

remains entirely in molecular form and does not produce charged species capable of carrying electric current. 

Consequently, the presence of sugar suppresses the conductive ability of a solution, particularly under 

conditions involving strong electrical input.16   

The conductivity of both electrolyte and non-electrolyte systems is governed by the number and 

concentration of ions present. Introducing additional solvent—such as a sugar solution—reduces ionic 

concentration and thereby lowers the overall current. Conversely, the conductivity of a solution can be 

increased by raising its solute concentration or combining it with a more acidic medium. Materials with higher 

acidity generate greater amounts of hydrogen ions, resulting in stronger ionization and enhanced electrical 

conductivity.22 

4. CONCLUSION 

The results of this study demonstrate that the electrical current produced by the tested mixtures is strongly 

dependent on their ionic composition and on the physicochemical changes induced by sucrose addition. In 

electrolyte systems such as salt solution, vinegar, and lime extract, low sucrose concentrations yield high 

current values due to the abundant presence of mobile ions. However, increasing sucrose content progressively 

reduces current strength, reflecting a combined effect of ion dilution, decreased dielectric constant, and reduced 

ionic mobility caused by viscosity enhancement. The salt solution exhibits this behavior most prominently, 

with current decreasing sharply as sucrose mass increases. 

In contrast, non-electrolytic mixtures-namely sucrose solution and 70% alcohol-show consistently low 

current values across all concentrations, confirming the absence of significant ion populations and the inability 

of these media to support ionic conduction. The coffee system displays a slight non-monotonic response at 

moderate sucrose levels, likely arising from temporary enhancement of soluble ionizable constituents before 

conductivity declines at higher sucrose content. 

Overall, the findings verify that sucrose acts as a non-dissociating solute that suppresses electrical 

conductivity in proportion to its concentration. The variations in current among different solution types arise 

from their intrinsic electrolytic behavior, dielectric characteristics, and ion-transport properties. These 

observations align with established electrolyte theory and reinforce the fundamental distinction between 

electrolyte and non-electrolyte systems. 
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