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Abstract  The  fact  that  sea  ice  may  be  a  suitable  source  for  fresh  water  is  nothing  new;  in  fact,
sailors were  aware  of  this  long  ago.  Nevertheless,  the  issue  that  ice  does  reject  the  ions  of  a
saline solution  is  not  a  well  known  topic  by  both  novice  learners  and  prospective  teachers.  This
paper describes  a  practical  activity  carried  out  in  the  regular  chemistry  training  course  aimed
at teachers-to-be  with  the  objectives  of,  on  the  one  hand,  getting  to  know  the  phenomenon  of
brine rejection  and,  on  the  other  hand,  taking  advantage  of  the  utilized  experimental  design
to gain  insight  into  the  colligative  properties  of  solutions.  This  activity  might  also  be  adequate
for secondary  and  high  school  levels.
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El  fenómeno  de  la  exclusión  de  la  salmuera:  una  propuesta  práctica  para  la  formación
de  maestros  de  primaria

Resumen  El  hielo  proveniente  de  la  congelación  del  agua  de  mar  es  una  fuente  de  agua
potable. Este  es  un  hecho  bien  conocido  por  pescadores  y  gentes  de  la  mar  desde  antaño.  Sin
embargo, el  fenómeno  de  la  exclusión  de  la  salmuera  durante  la  congelación  de  disolución
de agua  salada  es  un  tema  poco  conocido  entre  el  profesorado  en  formación.  Este  artículo
presenta una  actividad  práctica  diseñada  para  ser  llevada  a  cabo  en  un  curso  de  formación
básica en  química  para  el  alumnado  de  magisterio,  con  el  objetivo  de,  por  un  lado,  conocer
más de  cerca  el  fenómeno  de  la  exclusión  de  la  salmuera,  y  por  otro,  ayudar  a  lograr  una  mejor
comprensión  de  las  propiedades  coligativas  de  las  disoluciones.  La  actividad  que  se  presenta
también  puede  ser  adecuada  para  el  aula  de  secundaria.
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Introduction

The  brine  rejection  phenomenon  has  for  long  been  known
as  an  effective  way  for  freshwater  production  (Nebbia  and
Menozzi,  1968).  Proof  of  this  is  the  testimony  written  by
the  navigator  James  Cook  during  his  second  voyage,  who
accounted  for  the  fact  that  water  resulting  from  melting  of
sea  ice  is  perfectly  sweet  and  fresh  (Herdman,  1959).

This  phenomenon  is  explained  by  the  differences  that
ice  and  liquid  water  present  in  terms  of  their  capacity  to
dissolve  inorganic  salts.  Thus,  whereas  liquid  water  dis-
solves  molar  values  of  inorganic  salts,  ice  barely  accepts
small  amount  of  salt,  on  the  order  of  micromoles  (Vrbka  and
Jungwirth,  2007).  As  a  result  of  this  difference,  while  freez-
ing  saltwater,  the  ordered  molecular  structures  that  make  up
ice  tend  to  exclude  the  dissociated  ions  of  the  saline  solution
(Vrbka  and  Jungwirth,  2005);  meaning  that,  for  instance,  the
salinity  of  samples  of  ice  collected  in  a  natural  environment,
usually  ranges  between  0.3-0.8%,  which  represents  a  salinity
level  significantly  lower  than  that  of  seawater,  around  3.5%
(Xie,  Ma,  Cheng,  Li,  Liu,  Chen,  Wang,  2009).

This  paper  describes  the  procedure  designed  during  the
2014-2015  academic  year  to  be  undertaken  with  students
enrolled  in  the  3rd course  of  the  Bachelor  of  Primary  Educa-
tion  at  the  University  College  of  Teacher  Training  in  Bilbao
(University  of  The  Basque  Country,  Spain)  with  the  objective
of  gaining  insight  into  the  phenomena  of  brine  rejection  and
one  particular  colligative  property  of  solutions:  the  freezing-
point  depression.  The  topic  of  brine  rejection  paves  the  way
to  the  introduction  of  the  phenomenon  of  freezing-point
depression,  a  well-known  observable  fact  that  provides  a
significant  opportunity  to  introduce  the  topic  of  colligative
properties  of  solutions  at  all  levels  of  the  educational  system
(Chang  &  Overby,  2011).

In  view  of  this,  the  ultimate  purpose  of  this  paper  is
nothing  but  to  contribute  to  the  development  of  easy  to
implement  laboratory  activities  which  may  support  prospec-
tive  primary  teachers  in  their  process  of  grasping  essential
concepts  related  to  the  colligative  properties.

What  follows  is,  first,  a  description  of  the  procedure  car-
ried  out  with  students;  then,  the  results  drawn  from  this
activity  and,  finally,  the  educational  opportunities  that  the
detailed  procedure  provides  to  the  formation  of  teachers-
to-be.

Material and methods

Concerning  the  procedure  proposed,  priority  was  given  to  a
design  that  would  ensure  that  the  activity  may  be  carried
out  at  a  regular  school  laboratory;  that  is  to  say,  employ-
ing  household  utensils  and  avoiding  hazardous  or  expensive
material.  This  choice  is  in  line  with  the  idea  that  the  chem-
istry  training  for  trainee  teachers  necessarily  has  to  involve
the  use  of  teaching  resources  with  appropriate  activities  to
be  developed  in  a  school  context.

Material

The  material  requirements  of  the  activity  are  as  follows:
one  500-ml  plastic  container,  one  50-ml  metal  stainless  steel
cup,  a  dessert  spoon,  a  hand  crank  portable  ice-crusher,

two  thermometers,  suitable  for  a  range  of  working  tem-
peratures  varying  from  -40oC  to  40oC,  a  refractometer  to
measure  salinity  levels  and  scales.  The  products  used  are,
sodium  chloride  (common  salt  for  cooking),  tap-water  and
ice  made  from  tap-water.

Procedure

First,  3.5  g  of  sodium  chloride  is  dissolved  in  100  ml  of  tap
water  to  obtain  a  solution  that  may  resemble  sea  water  and
replicate  in  the  classroom  what  really  occurs  in  a  natural
context  when  seawater  freezes.

Notwithstanding  the  foregoing,  pointing  out  the  fact
that  the  content  of  salt  ions  in  seawater  is  not  limit  to  Cl−

and  Na+ and  that  other  ions  appear  in  lower  but  significant
levels  (SO2−,  Mg2+, Ca2+,  K+)  is  a  complementary  but  wor-
thy  aspect  to  be  highlighted  in  the  course  of  the  learning
activity.

Then,  a  cooling  bath  should  be  prepared.  To  this  purpose,
300  g  of  ice  are  crushed  with  the  help  of  the  ice-crusher.
Then,  the  plastic  container  is  filled  with  alternating  layers
of  300  g  of  NaCl  together  with  the  crushed  ice  (see  Image  1).

Subsequently,  a  hollow-like  cavity  is  made  in  the  centre
of  this  ice-salt  mixture  made  by  a  dessert  spoon.  This  cavity
should  be  wide  enough  to  put  the  metal  stainless  steel  cup
inside.

Afterwards,  a  50  ml  of  a  sodium  chloride  solution  (3.5%)
is  poured  into  the  metal  stainless  steel  cup  and  the  cup  is
placed  inside  the  cooling  bath  contained,  in  the  previously
prepared  cavity.

The  temperature  of  the  experiment  is  registered  every
five  minutes,  for  half  an  hour.  To  that  end,  one  thermometer
is  placed  inside  the  metal  stainless  steel  cup  which  contains
the  sodium  chloride  solution  and  a  second  thermometer
is  situated  inside  the  mixture  of  ice  and  salt.  Image  2
presents  the  final  disposition  of  the  elements  of  the  cooling
bath.

Once  the  time  is  up  (30’)  and  the  experiment  can  be  con-
sidered  completed,  the  liquid  fraction  which  remains  inside
the  steel  cup  is  poured  into  a  graduated  test-tube  in  order  to
separate  it  from  the  frozen  fraction.  After  this,  the  frozen
fraction  is  left  to  melt  at  room  temperature.

Finally  the  refractometer  is  used  to  register  the  salin-
ity  level  of  both  samples  of  water;  that  which  comes  for
the  melting  of  the  ice  fraction  along  with  the  sample  which
remained  liquid  during  the  experiment.

Results and discussion

In  the  course  of  the  experiment,  the  progressive  melting  of
the  cooling  bath  and  the  freezing  of  the  sodium  chloride
solution  contained  inside  the  steel  cup  are  observed.  Image
3  presents  details  of  the  changes  that  the  sodium  chloride
solution  has  made  throughout  the  experiment.

Moreover,  the  temperature  also  undergoes  significant
changes  during  the  experiment.  Figure  1  accounts  for  these
changes  over  time,  in  the  case  of  both  the  cooling  bath  and
the  sodium  chloride  solution  placed  inside  the  steel  cup.

Regarding  the  volume  of  the  samples,  after  the  thirty
minutes  that  the  experiment  lasts,  almost  all  the  sample
of  saltwater  ended  up  frozen  and  only  0.5  ml  of  the  initial
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