Engaging with Everyday Science, EDU4PSC: Investigative Activity

The Mentos in Diet Coke Phenomena

By Karl Jenkinson & Astrid Welzel

1. General introduction 

Background:

When Mentos (a chewy mint lolly) are added to a freshly opened bottle of Diet Coke there is an explosive release of bubbles causing the Coke to spurt out of the bottle. An exciting phenomenon for all ages! Previous studies of this phenomena have identified a number of factors that influence the magnitude of this reaction (Coffey, 2008), the most significant of which appear to be surface roughness of the Mentos (providing nucleation sites for bubble formation; assessed by electron microscopy – beyond the scope of Primary School!) and a surfactant effect of Mentos’ ingredients, particularly the gum arabic surface coating.

Reference:
Coffey, TS (2008) Diet Coke and Mentos: what is really behind this physical reaction? American Journal of Physics, 76(6), 551-7.

VELS:

This phenomenon could readily be adapted for use in experiments aimed at VELS level 3 or higher.

The current experiment is appropriate for VELS level 4 (Grades 5 & 6).

Science Domain - Science knowledge and understanding: At Level 4, students explain change in terms of cause and effect. They identify the characteristics of physical and chemical changes.

Science Domain - Science At Work: Students design their own simple experiments to collect data and draw conclusions. They describe the purpose of experiments they undertake…, and relate this purpose to the nature of the data that is collected. Students approach data collection systematically, and analyse data qualitatively in terms of errors of measurement. They use a range of simple measuring instruments and materials, and demonstrate understanding of their personal responsibility in using them.

2. Purpose of the experiment

The current experiment was designed as a very simple examination of the role of surfactant effect in the Mentos in Diet Coke phenomena.

The experiment links with many interesting avenues of discussion about the energy levels and bond strengths of matter in different states (gas, liquid, solid), formation of gas bubbles in liquids, water surface tension, the potential energy stored in pressure-bottled soda drinks, the effect of surfactants on surface tension and consequently their effect on bubble formation in water, etc.

3. Hypothesis

We hypothesise that the surfactant effect of the Mentos’ ingredients is the primary contributing factor in the Mentos in Diet Coke phenomena.

4. Materials used

· Four 2 litre bottles of Coke Zero (this diet variety was on sale)

· One packets of Mentos (14 per packet)

· A bag of glass marbles

· Bottle of Earth Choice dishwashing detergent

· Bottle of peanut cooking oil.

· Home made applicator nozzle (for dropping Mentos rapidly into the bottle and for focussing the Coke stream.)

· House bricks.
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Method

Procedure (see Picture at right):

· Two-litre Coke Zero bottles were opened and held in place by house bricks at an angle of approximately 45o. (the angle was not measured in this experiment but it remained consistent due to the house brick frame).

· Mentos or marbles were held in the nozzle by a nail (tied to string) and the applicator was screwed onto the top of the bottle.

· The nail was removed allowing the Mentos/marbles to drop into the coke.

· The horizontal distance travelled by the spurting Coke was measured.

· The bottles with residual Coke were weighed after the experiment and the weight of Coke lost was calculated.

Test Variables:

1. Six Mentos (half a packet)

2. Six marbles - control

3. Six Marbles soaked in cooking oil (peanut oil)

4. Six marbles soaked in undiluted dishwashing detergent

6. Results. 

As expected, Mentos alone (Test 1; control; see picture over page) resulted in an almost instant release of gas from the Coke, causing a large spurt of Coke from the bottle that travelled 6.8m horizontally, losing 45% of the original volume. This Result provides a useful reference point for further tests. We next tested marbles alone as a control for further testing of possible surfactant materials. Marbles alone (Test 2) caused fizzing of the disturbed Coke and a small amount of froth overflow, but no spurting and minimal loss of Coke. Marbles coated in Peanut oil (Test 3) caused an almost identical result, with marginally less fizzing and overflow. In contrast, marbles coated in dishwashing detergent (Test 4) caused a rapid and short-lived spurt of Coke to 6.5m, almost as long as that seen in Test 1, but only 11% of the liquid was lost, approximately one quarter of that lost in Test 1. 
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	Test
	A. Distance travelled by Diet Coke (m)
	B. Weight of bottle with residual Coke Zero (g)
	C. Weight of Coke Zero lost (g)
	D. % Coke Zero lost

	1
	6.8
	1,180
	911
	45%

	2
	   0.1 *
	2,075
	15
	1%

	3
	   0.1 *
	2,080
	10
	1%

	4
	6.5
	1,860
	230
	11.4%


Weight of materials used
- weight of full 2 litre Coke Zero bottle = 2,075 g


- weight of empty 2 litre Coke Zero bottle = 65 g


- weight of 1 Mentos = approx. 2.7 g (pack of 14 = 37.5 g)


- weight of marbles = 2.5 g (10 = 25 g)


- no allowance was made for weight of oil or detergent

Calculations for C:
eg.
For Test 1: C = 2,075 – (1,180 – (2.7 x 6)) = 911 g



For Test 2: C = 2,075 – (2,075 – (2.5 x 6)) = 15 g



For Test 3: C = 2,075 – (2,080 – (2.5 x 6)) = 10 g



For Test 4: C = 2,075 – (1,860 – (2.5 x 6)) = 230 g

D was calculated using
- weight of Coke Zero in full bottle = C / (2,075 – 65) x 100

7. Discussion 

The results of Test 1 confirm that Mentos alone in a diet variety of Coke (Coke Zero) cause rapid bubble formation (from CO2 solubilized under pressure) resulting in a large, but short-lived spurt of Coke from the bottle. 

Marbles alone (Test 2; similar size and weight to Mentos) caused only a very small fizzing, indicating that simply disturbing the Coke, thereby breaking the network of bonds between water molecules, does not cause the dramatic Mentos in Diet Coke spurting effect. The effect of marbles coated in peanut oil (Test 3) was virtually identical to that of marbles alone. Peanut oil was chosen as it has a similar (but not identical) viscosity to the detergent we used. This test demonstrates that disturbing the Coke by an object coated in a viscous liquid (similar to the detergent) does not produce the desired effect.

Test 4, marbles coated in detergent, produced an effect almost identical to that of Mentos alone (Test 1); spurt length reached 6.5m (Test 1 = 6.8m). Interestingly, the volume of Coke Zero lost in Test 4 was approximately one quarter of that lost in Test 1, despite the spurt distance being almost the same. A possible explanation is that the effect in Test 4 was more rapid and/or short-lived than that in Test 1, suggesting that the detergent distributes through the Coke more rapidly than the Mentos ingredients. After the initial reaction, the detergent produced lots of large frothy bubbles that may have had an inhibitory effect on spurting and further volume loss. Alternatively, the total volume of Mentos ingredients having a surfactant effect may be far greater than that of the surface coating of detergent used on marbles; as the Mentos continue to dissolve this may maintain the reaction strength more effectively.

8. Conclusion 

The results of this experiment strongly support our hypothesis that a surfactant effect of Mentos ingredients (as modelled by detergent-coated marbles) is the primary cause of the Mentos in Diet Coke phenomena.

Possible Sources of Error:

· A sizeable portion of the Coke was directed sideways through the nail holes in the side of the nozzle (see second picture); a redesigned nozzle could greatly improve the spurt distance. The proportion of spurt directed sideways could vary dependent upon speed of reaction, and so if all spurt were directed forward we may have seen a greater difference in spurt length between the Mentos and detergent experiments.

· The bricks may have moved, causing change in bottle angle that would affect spurt distance; this could be corrected with a fixed timber frame.

· Spurt distance measurement was not ideal as splash marks were not clear on the pebble surface; a large dry area of concrete would improve this.

· Other possible sources of error are addressed as extension activities.

Extension Activities: Many extension activities are possible, including:

· What effect does speed of sinking have?

· Do the Mentos and marbles sink at the same rate?

· What if you used foam balls of similar size rather than marbles?

· What effect does surface roughness have?

· What if you sanded the marbles to rough them up?

· What if you coated marbles in individual Mentos ingredients?

(Most would be readily available over the counter)

9. How we delegated the activity

This experiment was a collaborative effort between Astrid Welzel and Karl Jenkinson. The initial idea came from Astrid, and experimental design was collaborative. Karl made the nozzle, conduct of the experiment was collaborative (aided by Aidan and Isaac, first picture), whereas Astrid recorded the experiment and did the weighing and calculations. Karl wrote the initial draft report, which was then edited by Astrid.
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