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450 Ch apter 1 0 Effects of Intermolecular Forces 

INTRODUCTION: PERSONAL CARE PRODUCTS 

When you take a shower, interaction among molecules is probably the last thing 
you are likely to think about. Yet, personal care products such as shampoos, hair 
sprays, and cosmetics contain a wide vaiiety of chemicals whose primary purpose 
is to modify the forces that exist between molecules, so-called intermolecular

forces. 

Consider, fot example, the "smooth" feeling that we associate with clean skin 
and healthy hair. A band glides easily over something smooth because the skin 
encounters little frictional resistai1ce: The attractive forces between molecules are 
relatively weak. Hair conditioners and body lotions contain substances that coat the 
skin or hair with an ultrathin layer of molecules that offer low intermoleculai· forces 
to a hand or a comb. 

Chemical substances can be classified according to whether they have strong 
attractions to water (hydrophilic) or weak attractions to water (hydrophobic). Water 
by itself has difficulty removing dirt and grease from clothing and skin because 
these hydrophobic materials are attracted more strongly to the surface than to water. 
Soaps and detergents contain molecules that have strong attractive forces to both 
water and hydrophobic substances. They assist in cleaning by associating with 
hydrophobic di.rt pai·ticles to form clumps that are strongly attracted to water. 

"Spray-on" products such as hair spray and spray deodorants must combine 
botll strong and weak intermoleculai· forces. In the can, they must flow easily, or tl1e 
spray action will become fouled. The ability of molecules to flow easily from place 
to place requires weak intermoleculai· forces. After application, the active ingredi­
ents must adhere to the target surface, which requires strong intermolecular forces. 
The ingredients of a successful spray product impait minimal "stickiness" to the 
solution in tlle can but maximal "stickiness" after application and evaporation of the 
solvent. 

Ingredients of personal cai·e products must have appropriate intermoleculai· 
force characteristics, but tlley must also be nontoxic and biodegradable. Chemists 
who work for companies that make such products face challenging chemical design 
problems. The stakes ai·e high because personal care products ai·e a $25 billion-plus 
annual market in tlle United States alone. 

No single substance can provide all tlle properties desired in a personal care 
product, so a typical list of ingredients contains a multitude of exotic-sounding 
chemicals. One protective hand cream lists tlle following ingredients: water, glyc­
eryl stearate, cetyl alcohol, dimetllicone, mineral oil, imidazolidinyl urea, fra­
grance, sodium lauryl sulfate, and methylparaben. Some of tl1ese names occur again 
later in this chapter; when you encounter tllem later, you will be able to identify 
them according to their intermoleculai· force chai·acteristics. 

Earlier t,;hapters emphasize the forces tl1at bind atoms �ogetller into molecules. 
Chapters 8 and 9, for example, describe the bonding that exists within molecules,

called intramolecula.r forces. Chapter 5 presents the properties of a gas in terms of 
tlle ideal gas model, which assumes that tlle forces acting between molecules of a 
gas are negligible. In reality, tllere are indeed intermoleculai· forces acting between 
molecules. They affect the properties of gases and explain the existence and proper­
ties of liquids and solids. 

Intermolecular forces are considerably weaker thai1 intramolecular forces. In a 
liquid, for example, intermoleculai· forces ai·e weak enough to allow individual mol­
ecules to move about relatively freely. In contrast, int.ramoleculai· forces ai·e strong 
enough to prevent atoms from breaking away from tlle molecules to which they ai·e 
bonded. Consequently, a discussion of bonding can ignore relatively weak inter­
moleculai· interactions. To understand the properties of liquids and solids, however, 
these interactions must be taken into account. Intermolecular forces "lock'' mole-
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