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MELTING ICE CUBES UNDER DIFFERENT CONDITIONS OF HEAT AND WATER Grant S. 2013-2014 ABSTRACT The purpose of these set of experiments was to learn more about the melting rate of ice cubes under different conditions. Matter has many attributes that determine the rate in which it melts. While conducting these experiments, the following materials were used, hotplate, pan, meter stick, plastic container etc. The results that were found in these experiments were much unexpected. These experiments were unexpected because; the melting rate of the ice cubes was different than my hypothesis stated. INTRODUCTION Matter comes in 3 states: solid, liquid and gas. The solid state has molecules that are close together in a set pattern and can move up, down and side to side. Though solids can move, its molecules cannot separate unless pressure or heat is applied to the solid. Solids also have the attribute of rigidness. When heat or pressure is added to a solid the molecules are forced to separate, this property is known as rigidness. Another property of a solid is strength; unlike the other 2 states solids can withstand pressure and can hold up other solids. Liquids, unlike solids, have molecules that are loosely bound together. Molecules can slide past one another kind of like stretching a rubber band; the rubber band can stretch and snap if enough pressure is applied but it can also come back together when you let go of it. The only way for molecules in a liquid to separate is if another force acts upon it. Molecules in a liquid are also not in a pattern. Liquids do not have a set shape, instead it takes the shape of whatever container it is in. the molecules in liquids cannot be compressed. The last and final state of matter is gas. This state of matter is the most energetic of the 3 states. The molecules in gases also take the shape of the container it is in, but it can be compressed to different volumes. The volume of gases increases when the pressure around the container decreases. The volume decreases when the pressure increases. Another unique quality of gases is that the molecules bounce off other solids kind of like a 3-D pool table. The main reason gas molecules don’t stay together is, because their energy is greater than the bonds that hold them together. Insulators and conductors are aspects of materials that influence the flow of electricity. Insulators and conductors stop or improve the flow of electricity. Insulators stop the flow of electricity, whereas conductors improve the flow of electricity. All metals are conductors, while most non-metallic solids are said to be good insulators. Metals vary in how well they conduct electricity based on how loosely bound the electrons are connected. This happens because the electrons that are closely bound to the atoms cause the charge to not be able to pass through the electrons but when the electrons are farther away from the atoms it conducts better. When a conductor receives a charge, it instantly disperses to the entire surface of the object. The charge is distributed to all the electrons until the charge is minimized. This charge could be dispersed faster or slower dependent on the type of conductor. Some insulators if



heated to extremely high temperatures can become conductors. Examples of substances that have this trait are glass, and air. Conductors generally conduct electricity when under cooler conditions. The length and thickness of a conductor both affect the speed of the flow of electricity. This is just like a pipe with running water, if the pipe is wide than the water can get through fast. If the pipe is short the water travels through the pipe faster. There are 2 main types of electricity; one of these types is static electricity (nonmoving current). Static electricity is a charge that has nowhere to move. Static shock happens because there is a static charge with nowhere to go. So as soon as the static electricity has a place to go they all rush to the point of contact causing the 2 subjects to feel a shock. The other type of electricity is dynamic electricity. Dynamic electricity is a charge that does have somewhere to go. A charge will go to its destination even if there are 2 paths, one connected, one not. A charge can be interrupted by placing an insulator in-between the flow of electricity. Another factor that can affect matter is heat. Melting is the process of a matter changing from a solid to a liquid. Most materials have different melting points. For example, ice melts at 32 degrees Fahrenheit whereas steel melts at 2795 degrees Fahrenheit. A melting point is the degree of temperature that it takes for the molecules in a material to separate far enough to become a liquid. When the molecules in the material separate, the material takes on its liquid form. When heat is applied to a solid, the molecules in the solid separate. When the molecules in a solid separate it turns into a liquid. The force that holds the molecules together in a solid are called intermolecular forces. To measure the temperature of a system, a thermometer must be placed into the system. Next the thermometer must reach a thermal equilibrium with the system around. Thermal equilibrium is the temperature in which 2 or more systems reach the same temperature. There are 3 main laws of thermal physics, one of these laws is energy cannot be created or destroyed, it can only be transferred from object to object. The next law states that energy will disperse from a more concentrated source to a less concentrated source. An Example of this is, if a pan was taken off a stove then the pan will cool down. The third law states that if a substance is cooled to absolute zero, then that there would cease to be any kinetic energy in the molecules. Another law of temperature states the warmer an object the more heat that object gives off. A substance must be heated by the transfer of heat through another substance. Some examples are ice in boiling water or ice touching a pan. The melting time is not affected as long as the material it touches is the same temperature. A related experiment is “Melting Rates of Frozen Cubes Depending On The Amount Of Weight applied. This experiment was conducted by Isabelle Blank at Cary Academy. Her experiments involved putting different amounts of weights on frozen liquids. Some of the liquids that she that she tested were: Orange juice, Diet Dr. Pepper and water. Isabelle conducted her first experiment, by first placing ice cubes consisting of 10 ml of water on a table to melt. Next she put a 500g weight was put on an ice cube, she also put a 100g weight on another and no weight on the last of the 3 ice cubes. Then the amount of time the ice cubes took to melt was recorded. Her second experiment tested whether the type of the liquid affected the melting rate. Her second experiment was started by first putting 50ml of different types of liquids in Styrofoam cups. These liquids were Orange Juice, Diet Dr. Pepper, and water. Next, she kept the Styrofoam cups in the freezer for 24 hours. After 24 hours, the cubes were taken out of the Styrofoam cups and were placed on a table with a 500g weight placed on them to melt. Then the time it



took for the cubes to totally melt was recorded. Isabelle did this process 3 times to find an average. Her last experiment included different amounts of water effect how long it takes for an ice cube to melt with a 500g weight on it. She started her process by placing 10ml, 30ml, and 50ml of water in 3 separate Styrofoam cups. Next, the Styrofoam cups were frozen in the freezer for 24 hours. Isabelle placed the ice cubes on the table to melt and she put a 500g weight on each of them. The amount of time was recorded and an average was taken based on the 3 times it was performed. MATERIALS AND METHODS The materials that were used for these set of experiments are ice cubes, container, metal pan, thermometer, beaker, hotplate, stopwatch, meter and cup. The first step in this experiment was to heat up a hotplate with a metal pan for about 5 minutes. After the pan was heated, ice was taken from the freezer and placed on the metal pan. Then the time the ice cube took to completely melt was recorded. After the ice completely melted the data was recorded and the water was dumped out of the pan. This process was recorded 3 times for each of the 3 settings of the hotplate. In the second experiment, it was tested if the height that an ice cube is dropped from effects its melting time. The first step that was taken to complete the experiment was to heat up a hotplate with the same metal pan, from the last experiment, placed on it. Then ice cubes were taken from the freezer and dropped above the pan on the hotplate at different heights. At the same time, the timer was started. After the ice cube was dropped, the time it took to melt was measured and recorded. Once the ice cube was melted completely the pan was emptied of its water, heated again and then the data was recorded. The third experiment involved testing if the amount of water effected the melting time of an ice cube. During these experiments, the beakers were first filled with different amounts of water and were left to sit for about 10-20 minutes. Then, after letting the water sit, ice cubes were taken from the freezer and placed in each beaker. After finding how long it took for each one to melt the data was recorded. This process was repeated 3 times for each amount of water.
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Figure 1. Shows the melting speed of ice cubes on a hotplate at different settings of the hotplate. After analyzing this graph, it was found that the time it took to melt ice cubes on the setting of 2 and 4 were the same. This is logical because, the temperature difference in the settings is not a significant amount. It was also determined that the time decreased by 9 seconds when the hotplate hit the setting of 6. This is very possible because the hotplate probably started to hit somewhere close to the boiling point of water. 90 Time it took to melt(sec)
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Figure 2. Shows if the height an ice cube is dropped from effected the melting time.



After analyzing this graph, it was determined that the time increased the higher the ice cube was dropped. This most likely happened because the ice cube was compressed when it was dropped causing the molecules to tighten and for it to take longer to separate the molecules. This was known because based on my research that was found, it was proven that it takes more energy (heat) to melt a solid in which its molecules are closer together.
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Figure 3. Shows the melting time of ice cubes in different amounts of water. After analyzing this graph, it was obvious that in 100ml of water the ice cube was not fully covered in water. This caused the ice cube to melt slower than it did in 200ml of water fully covered he ice cube. This was noted because the 200ml of water caused it to melt faster than 100ml. It was also determined that the trend of 200ml to 300ml made very little difference because the water covered the entire ice cube. CONCLUSION It was determined that, overall, the data was much unexpected, this caused the hypothesis to be revisited. The hypothesis stated that ice cubes would melt faster with higher temperature and it was found that this was correct. This data is important to the world because if a cook needed to melt an ice cube fast, he could find that his stove should be on its highest temperature and the ice cube should be dropped from a low height. A future experiment that could be done is melting different frozen liquids under the same conditions. CITATIONS Heat and temperature. Oxford Journals. Oxford University. Web. February 20, 2014 Intermolecular and interatomic forces. Everything Science. Siyavula. Web. February 20, 2014
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