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FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Comm iss ion  ( I EC)  i s  a  worl dwide  organ i zati on  for  s tandard i zat i on  com pri s i ng  
al l  n ati onal  e l ectrotechn i cal  comm i ttees  ( I EC  Nati onal  Comm i ttees) .  The  object  o f  I EC  i s  to  prom ote  
i n ternati onal  co-operat i on  on  al l  q uest i ons  concern i ng  s tandard i zat i on  i n  the  e l ectri cal  and  e l ectron i c  f i e l ds .  To  
th i s  end  and  i n  add i t i on  to  other  acti vi t i es ,  I EC  pu bl i shes  I n ternati onal  Standards,  Techn i cal  Speci f i cat i ons,  
Techn i cal  Reports ,  Publ i c l y  Avai l abl e  Speci f i cat i ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cati on (s ) ”) .  Thei r  preparat i on  i s  en trusted  to  techn i cal  comm i ttees;  any I EC  N ati onal  Comm i ttee  i n terested  
i n  the  subj ect  deal t  wi th  m ay part i ci pate  i n  th i s  preparatory work.  I n ternati onal ,  governm ental  and  non -
governm ental  organ i zati ons  l i a i s i ng  wi th  the  I EC  al so  part i c i pate  i n  th i s  preparati on .  I EC  col l aborates  cl osel y  
wi th  the  I n ternati onal  Organ i zati on  for  Standard i zati on  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
ag reem ent  between  the  two  organ i zati ons.  

2)  The  form al  deci s i ons  or  ag reem ents  of  I EC  on  techn i cal  m atters  express,  as  nearl y  as  poss ible,  an  i n ternati onal  
consensus  of  opi n i on  on  the  rel evan t  subjects  s i nce  each  techn i cal  com m i ttee  has  represen tati on  from  al l  
i n terested  I EC  N ati onal  Com m ittees.   

3 )  I EC  Publ i cat i ons  have  the  form  of  recom m endati ons  for  i n ternati onal  u se  and  are  accepted  by  I EC  Nati onal  
Com m i ttees  i n  that  sense.  Whi l e  al l  reasonable  efforts  are  m ade  to  ensure  that  the  techn i cal  con tent  of  I EC  
Publ i cati ons  i s  accu rate,  I EC  cannot  be  held  responsi ble  for  the  way i n  wh i ch  they  are  used  or fo r  any  
m i s i n terpretat i on  by any end  u ser.  

4)  I n  order to  prom ote  i n ternati onal  u n i form i ty,  I EC  Nati onal  Com m i ttees  undertake  to  apply I EC Publ i cati ons  
transparentl y  to  the  m axim um  extent  poss ible  i n  the i r  nat i onal  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC  Publ i cati on  and  the  correspond i ng  nati onal  or  reg i onal  publ i cat i on  shal l  be  cl earl y  i n d i cated  i n  
the  l atter.  

5)  I EC  i tsel f  does  not  provi de  any attestati on  of  con form i ty.  I n dependen t  cert i f i cat i on  bod ies  provi de  conform i ty  
assessm ent  servi ces  and ,  i n  som e  areas,  access  to  I EC  m arks  of  con form i ty.  I EC  i s  not  responsi ble  for  any 
servi ces  carri ed  ou t  by i ndependen t  cert i f i cat i on  bod i es .  

6)  Al l  u sers  shou ld  ensu re  that  they have  the  l atest  ed i t i on  of  th i s  publ i cati on .  

7)  No  l i abi l i ty  shal l  attach  to  I EC  or  i ts  d i rectors,  em ployees,  servants  o r ag en ts  i ncl u d i ng  i n d i vi du al  experts  and  
m em bers  of  i ts  techn i cal  com m i ttees  and  I EC  Nati onal  Com m i ttees  for  any personal  i n j u ry,  property  dam age  or 
other dam age  of  any natu re  whatsoever,  whether d i rect  o r  i nd i rect,  or  for  costs  ( i ncl ud i ng  l eg al  fees )  and  
expenses  ari s i ng  ou t  o f  the  publ i cati on ,  use  of,  or  re l i ance  upon ,  th i s  I EC  Publ i cati on  or any other I EC  
Publ i cat i ons .   

8)  Atten t i on  i s  d rawn  to  the  N orm ati ve  references  ci ted  i n  th i s  publ i cat i on .  Use  of  the  referenced  publ i cati ons  i s  
i nd i spensable  for  the  correct  appl i cati on  of  th i s  publ i cati on .  

9)  Atten t i on  i s  d rawn  to  the  poss ibi l i ty  that  som e of  the  e l em ents  of  th i s  I EC  Publ i cat i on  m ay be  the  su bject  of  
paten t  ri g h ts .  I EC shal l  not  be  held  responsibl e  for  i den t i fyi ng  any or a l l  such  patent  ri gh ts .  

The m ain  task of  IEC  techn ical  com m i ttees  i s  to  prepare  I n ternational  Standards.  I n  
excepti onal  c i rcum stances,  a  techn ical  com m i ttee  m ay propose  the  publ ication  of  a  Techn ical  
Speci f ication  when  

•  the  requ i red  support  cannot  be  obtained  for  the  publ ication  of  an  I n ternati onal  Standard ,  
despi te  repeated  efforts,  or  

•  the  subj ect  i s  s t i l l  u nder techn ical  developm ent  or  where,  for  an y o ther reason ,  there  i s  the  
fu ture  bu t  no  imm ediate  poss ibi l i ty of  an  agreem ent  on  an  I n ternati onal  Standard.  

Techn ical  Speci f icati ons  are  subject  to  review wi th i n  th ree  years  of  publ ication  to  decide  
whether they can  be  transform ed  i n to  I n ternati onal  Standards.   

I EC TS  62607-3-2,  wh ich  i s  a  Techn ical  Speci fi cati on ,  has  been  prepared  by I EC  techn ical  
comm i ttee  1 1 3 :  Nanotechnolog y s tandard i zati on  for e lectrical  and  e lectron ic  products  and  
system s.  
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The  text  of  th is  Techn ical  Speci f icati on  i s  based  on  the  fo l l owing  docum en ts:  

Enqu i ry d raft  Report  on  vot i ng  

1 1 3/243/DTS  1 1 3/348/RVC  

 
Fu l l  i n form ation  on  the  voti ng  for the  approval  of  th is  techn ical  speci f i cati on  can  be  found  i n  
the  report  on  voti ng  i nd icated  i n  the  above  table.  

Th is  docum ent has  been  drafted  i n  accordance  wi th  the  I SO/I EC  D i recti ves ,  Part  2.  

A l i s t  of  al l  parts  of  the  I EC  62607 seri es,  publ ished  under  the  general  t i t l e  
Nanomanufacturing – Key control characteristics,  can  be  found  on  the  I EC  webs i te.  

The  com m i ttee  has  decided  that  the  con ten ts  of  th is  docum ent wi l l  rem ain  unchanged  un ti l  the  
stabi l i ty date  i nd icated  on  the  I EC  websi te  under "h ttp: //webstore. i ec. ch "  i n  the  data re lated  to  
the  speci f ic  docum ent.  At  th is  date,  the  docum ent  wi l l  be   

•  transform ed  in to  an  I n ternational  Standard,  

•  reconfi rm ed,  

•  wi thdrawn ,  

•  replaced  by a revised  ed i ti on ,  or  

•  am ended.  

A bi l i ngual  vers ion  of  th is  publ icati on  m ay be  i ssued  at  a  l ater date.  

 

IMPORTANT – The 'colour  inside'  l ogo  on  the  cover page of  th is  publ ication  ind icates 
that  i t  contains colours which  are considered  to  be  usefu l  for the correct  
understand ing  of  i ts  contents.  Users shou ld  therefore print  th is  document  using  a  
colour printer.  
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INTRODUCTION  

Quan tum  dots  (QDs)  are  crystals  of  sem iconductor m aterials  m easuri ng  typi cal l y bu t  not  
l im i ted  to  2  nm  to  1 5  nm  i n  a  g i ven  d im ens ion  and  cou ld  exh ibi t  des i rable  absorption  and  
em ission  properti es.  QDs  can  be  syn thes i zed  by a variety of  m ethods,  the  co l l o i dal  m ethod  
being  the  m ost  com m on.  Through  the  co l lo idal  m ethod ,  QDs  are  syn thesi zed  in  the  presence  
of  s tabi l i zi ng  l i gands  to  m ain tain  co l l o idal  s tabi l i ty.  These  l i gands  can  rem ain  present  after 
puri f i cation  and  are  an  im portan t  com ponen t  of  QD  d ispersibi l i ty and  stabi l i ty and  can  im pact  
the  optical  properti es.  Often ,  QD  sam ples  are  provided  as  a s table  d ispers ion  i nstead  of  a  
dried  powder.  The  m ethod  speci f ied  i n  th is  docum ent  provides  a  m eans  to  determ ine  the  
m ass  of  QDs  in  that  d i spers ion .  

I n  add i t ion  to  the  sem iconductor m aterial  and  the  t ig h tl y bound  s tabi l i zi ng  l i gands,  QD  
d ispers ions  cou ld  poten tial l y con tain  unreacted  precursors ,  s i de-products  of  the  precursors ,  
and  free  l i gands.  Due  to  the  d i ff icu l ty of  rem oving  and  determ in i ng  the  am oun t  of  these  
im puri t i es,  the  dri ed  m ass  i s  not  su ffi c ien t  for  m easuring  QD  m ass.  I nstead,  a  m ethod  i s  
chosen  that  wi l l  rem ove  or  decom pose the  im puri t i es  wh i le  l eaving  the  sem iconductor m aterial  
i n tact.  

One  m ethod  to  vo lati l i ze  or  decom pose the  im puri ti es  and  surfactan t  l i gands  i s  by heati ng  the  
QD  sam ple  to  h i gh  tem peratures  (650  °C) .  Heati ng  QD  sam ples  to  such  h igh  tem peratures  i s  
typi cal l y destructi ve  to  the  QD  sam ple,  so  th is  anal ys is  wou ld  need  to  be  perform ed  on  a  
sm al l  porti on  that  i s  represen tati ve  of  the  en ti re  sam ple.  

Therm ogravim etric  anal ys is  (TGA)  i s  a  conven ien t  too l  for  accuratel y m easuring  m ass  loss  of  
a sm al l  am oun t  of  sam ple  (1 0  m g  to  50  m g)  when  heated  to  h i gh  tem peratures  under e i ther an  
N 2  or  O2  envi ronm ent.  The  general  procedure  i s  to  add  an  am ount  of  d ispersed  m aterial  to  
the  TGA pan ,  rem ove the  d ispers ing  solvent,  and  heat  the  pan  to  650  °C  i n  the  TGA.  The  
l eftover mass  i s  m ostl y  the  inorgan ic  con ten t  of  the  QD  m aterial .  Com pared  to  other 
i nstrum entati on  such  as  i nducti ve l y coupled  p lasm a m ass  spectrom etry,  TGA is  conven ien t,  
ubiqu i tous,  and  can  g i ve  a  d i rect  m easure  of  the  i norgan ic  m ass  of  a  quan tum  dot  m ixtu re.  

The  fo l l owing  are  poten tial  errors  to  the  TGA-based  m ethod:  

•  Under an  N 2  envi ronm ent,  i t  i s  poss ible  that  i nstead  of  volati l i z i ng ,  the  im puri t i es  wi l l  
decom pose and  be  converted  i n to  g raph i te  or  another non-vo lati le  product.  Th is  wi l l  resu l t  
i n  a  m easured  m ass  that  i s  g reater  than  j ust  the  m ass  of  the  sem iconductor m aterial ,  
whereas  heati ng  organ ic  precursors  to  650  °C  typi cal l y resu l ts  i n  on l y a m in im al  am oun t  of  
res idual  m ass  (<  2  %  of  i n i t i al  m ass) .  

•  Under an  O2  envi ronm ent,  heating  sam ples  can  resu l t  i n  added  m ass  from  oxidation  of  
m etal  and  chalcogen ide  species.  To  avoid  th is  com pl icati on ,  sam ples  are  heated  under an  
N2  envi ronm en t.  

•  I norgan ic-based  im puri t i es  can  l eave  a res idual  m ass  upon  heating .  These  im puri t i es  
(such  as  carboxylate  sal ts ,  phosphonate  sal ts)  are  typical l y not  so l uble  i n  comm onl y used  
d ispers ing  so lvents  (hexanes,  to l uene)  and  the  concentrati on  of  these  im puri t i es  i n  the  
d ispers ion  i s  expected  to  be  low,  i f  a  proper  so lvent  i s  used,  un less  they are  being  
so lubi l i zed  by the  QD  m aterial .  I f  a  so lven t  for poten tial  im puri t i es  i s  used  for the  
d ispers ion ,  then  add i t i onal  anal ys is  m ay be  necessary to  determ ine  the  leve l  of  i norgan ic  
im puri t i es.  For safety pu rposes,  th is  m ethod  shou ld  not  be  used  for  so l u ti ons  con tain ing  
perch lorate  sal ts  as  th is  m ay cause  an  explos ion .  

•  T igh t l y bound  su rface  l i gands  m ay not  fu l l y decom pose  under these  cond i t i ons.  I t  i s  
poss ible  that  the  su rface  l i gands  wou ld  be  converted  in to  g raph i te  i nstead  of  vo lati l i z i ng .  
I n  th is  case,  the  residual  l i gand  m ass  wou ld  be  i ncl uded  i n  the  m ass  calcu lati on .  

•  Certai n  m etal  or  m ain  g roup e lem ents  m ay vo lati l i ze  from  the  quan tum  dot  depend ing  on  
the  chem ical  com posi ti on  and  heating  cond i t ions.  Under those  ci rcum stances,  a  change  i n  
the  m axim um  tem perature  i s  m ade.  These  m ethods  have  worked  wel l  for  QD  d ispers ions  
con tain i ng  CdSe,  CdS,  ZnS,  I nP,  I nAs,  PbS  and  m ixtures  thereof.  
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Th is  docum ent  offers  a  re l i able  m ethod  of  determ in i ng  the  m ass  of  a  co l l o i dal  QD  d ispers ion  
after  rem oving  or  decom posing  im puri t i es  wh i l e  m in im izi ng  potential  errors  that  m ay otherwise  
be  encoun tered .  
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NANOMANUFACTURING  –  
KEY CONTROL CHARACTERISTICS –  

 
Part  3-2:  Luminescent nanoparticles  –  

Determination  of mass of quantum dot  d ispersion  
 
 
 

1  Scope 

This  part  of  IEC  62607 speci f ies  a  m ethod  for  determ in ing  the  m ass  of  a  sam ple  of  QD  
d ispers ion  after the  rem oval  of  im puri t i es  and  surfactant  l i gands  th rough  heati ng  at  h igh  
tem peratures.  

2 Normative references  

There  are  no  norm ati ve  references  i n  th is  docum ent.  

NOTE  The  B ibl i og raphy l i s ts  docum ents  that  are  usefu l  for i ts  appl i cat i on .  

3 Terms and  defin i tions  

For the  purposes  of  th is  docum ent,  the  fo l l owing  term s  and  defi n i t i ons  apply.  

3.1   
portion  
<QD d ispersion>  sm al l  am oun t  of  the  sam ple  to  be  anal ysed  that  i s  representati ve  of  the  
concentrati on  of  the  sam ple  

3.2   
d ispersing  solvent  
solvent  used  to  d isperse  the  quan tum  dots  

Note  1  to  en try:  I deal l y,  the  d i spers i ng  sol ven t  has  a  bo i l i n g  poi n t  between  60  °C  and  1 20  °C.  

Note  2  to  en try:  Com m on  solvents  i ncl ude  to l u ene  and  hexanes.  

4 Apparatus  

The apparatus  shal l  cons ist  of  the  fo l lowing :  

•  Hot  p late,  heat  gun ,  or  other  heati ng  apparatus  for  rem oving  d ispers i ng  so lven t.  

•  Vacuum  l i ne  and  a  cham ber to  contain  the  TGA pan  for  rem oving  d ispers i ng  so lven t.  

•  Gas  f low for  rem oving  d i spers i ng  so lven t.  

•  Moderate  pressure  l i ne  ( typi cal l y <  3 , 45  kPa)  for f l ow of  an  i nert  gas  ( for exam ple,  N 2 ,  Ar,  
He)  over  the  surface  of  the  d ispers ing  so lven t.  A su ff ic ien t  f l ow shal l  be  m ain tained  to  
vo lat i l i ze  the  solvent,  bu t  not  so  h i gh  as  to  potential l y resu l t  i n  spi l l i ng  the  sam ple  from  the  
pan ,  thus  i nval i dati ng  the  m easurem ent.  

•  Therm ogravim etric  anal ysis  i nstrum en t for  perform ing  re l i able  therm ogravim etric  anal ys is .  

•  TGA pan ,  typical l y a  sm al l  vessel  that  i s  com patible  wi th  the  tem peratu re  ranges  and  
des ign  of  the  therm ogravim etric  anal ys is  i nstrum ent  used.  

•  Syri nge  or  cal i brated  pipette .  
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5 Preparation  of  sample 

The TGA pan  i s  tarred .  A sm al l  port ion  of  the  total  QD  d ispers ion  i s  drawn  i n to  a  cal ibrated  
syringe  or  p i pette  i n  such  a way that  the  vo lum e can  be  accuratel y determ ined.  The  total  
vo lum e of  the  porti on  i s  recorded .  The  vo lum e of  the  port i on  used  shou ld  resu l t  i n  a  dried  
m ass  that  i s  wi th i n  the  operating  range  of  the  TGA i nstrum en t.  A sm al l  am ount  of  the  
d ispers ion  i s  added  to  the  pan .  The  am oun t  that  i s  added  wi l l  depend  on  the  s i ze  of  the  TGA 
pan .  The  d ispers ing  solven t  i s  evaporated  by heating ,  vacuum  or f l ow of  an  i nert  gas .  An  
add i t i onal  quan ti ty of  the  d ispers ion  i s  added  to  the  pan ,  and  the  d ispers i ng  so lven t  i s  
evaporated .  Th is  process  i s  repeated  un ti l  the  en ti re  port ion  of  the  d ispers ion  has  been  added  
to  the  pan  and  al l  of  the  d ispers i ng  so lvent  i s  removed .  

The  QD  d ispers ion  shal l  be  puri f i ed  and  an y unreacted  precursors  such  as  Cd  and  Se  shal l  be  
rem oved  before  TGA sam pl i ng .  None  of  the  QD  m ass  shal l  be  spi l l ed  when  f i l l i ng  the  pan  or 
rem oving  the  so lven t.  

6 Procedure 

6.1  General  

The pan  wi th  the  above  prepared  sam ple  i s  p laced  i n to  the  instrum ent.  The  m easurem ent i n  
6. 2  shal l  be  perform ed  under an  N 2  f l ow.  The  n i trogen  f l ow shou ld  be  m ade enti re l y free  of  
oxygen  and  m oisture  by usi ng  u l tra-h igh  puri ty n i trogen  and  by adequate l y purg i ng  ou t  the  
l i nes  and  tubing .  

6.2  Heating  

The sam ple  shal l  be  heated  at  a  ramp rate  of  30  °C/m in  to  5  °C  above  the  bo i l i ng  po in t  of  the  
d ispers i ng  so lvent.  The  pan  i s  he ld  at  th is  tem perature  for 1 0  m in .  The  tem perature  i s  then  
i ncreased  to  650  °C  at  a  rate  of  1 0  °C/m in .  The  tem peratu re  i s  he ld  at  650  °C  for 1 0  m in .  The 
res idual  m ass  at  th is  po i n t  i s  the  m ass  of  the  QD  for that  vo lum e of  d ispers i ng  so lvent .  

The  above  heati ng  profi le  i s  opt im al  for  decom posing  and  vo lat i l i z i ng  com m on  organ ic  
im puri t i es  wh i le  not  volat i l i z i ng  the  sem iconductor  m aterial .  Al ternate  heati ng  profi l es  m ay be  
necessary depend ing  on  the  nature  of  the  anal yte  and  any i norgan ic  im puri t ies .  I f  an  
al ternative  heati ng  prof i le  i s  used,  i t  shal l  be  i ncl uded  i n  the  test  report.  

The  m ass  concentration  of  the  d ispers ion  can  be  calcu lated  by d i vid ing  the  res idual  m ass  by 
the  vo lum e of  the  port ion  of  the  d ispers ion ,  as  described  i n  7. 1 .  

An  exam ple  of  th is  process  i s  i ncluded  i n  Annex  A.  

6.3  Mass concentration  of  add i tional  samples  

Once th is  test  i s  perform ed  for a standard  procedure,  the  m ass  concen tration  of  new 
preparations  can  be  determ ined  from  the  absorbance  spectrum ,  i . e .  the  wavelength  
dependence  of  the  absorbance  or optical  dens i ty or  extinction .  Mass  concen trati on  shal l  be  
calcu lated  from  the  m easured  absorption  spectrum  in  accordance  wi th  7. 2.  Th is  calcu lati on  
shal l  on l y be  val id  for i den tical  preparati ons .  System s  that  have  process  changes  shal l  be  
m easured  via TGA to  ensure  accurate  m ass  concen tration  determ ination .  The  waveleng th  
se lected  to  m easure  absorbance  shou ld  be  i n  a  reg ion  devo id  of  i n terference  from  im puri t i es.  
Com m on  im puri ti es  found  i n  QD  syn thes is  have  a  l ow absorbance  cross  secti on  i n  the  350  nm  
to  700  nm  range.  The  port i on  of  the  QD  d ispers ion  that  i s  anal ysed  shou ld  be  d i l u ted  i n  a  
con trol l ed  way so  that  the  absorbance  i s  wi th i n  a  l i near  range  of  the  instrum ent  ( typical l y an  
absorbance  range  of  0 , 2  to  0 , 8) .  Add i t i onal  detai l s  can  be  found  i n  I EC  62607-3-1 .  An  
exam ple  of  th i s  process  i s  i ncl uded  i n  Annex  B.  



IEC  TS  62607-3-2:201 7  © I EC  201 7  – 9  – 

6.4  Potential  i nstrument  errors  

6.4. 1  Static  

As  stat ic  e lectric i ty can  resu l t  i n  i ncons istent  resu l ts ,  an y s tatic  charge  shal l  be  rem oved  from  
the  TGA pan  and  i nstrum ent  th roughout  the  operati on .  

6.4.2  Bumping  

As  gas  i s  evolved  from  the  sam ple,  non-volat i le  port ions  of  the  sam ple  m ay spi l l  ou t  of  the  
pan .  Th is  process  i s  known  as  “bumping”.  Th is  wi l l  resu l t  i n  a  sudden  m ass  l oss.  I f  bum ping  
occurs ,  the  m easurem ent  procedure  shal l  be  repeated .  

NOTE  A s l ower heat  ram p decreases  the  l i ke l i hood  of  bum pi ng .  

7 Resul ts  and  calculations  

7.1  Concentration  and  mass of  QDs 

 MCs  =  ms /Vs  

where  

MCs   i s  the  m ass  concen trati on  (m g/m l )  of  sam ple;  

ms   i s  the  res idual  m ass  (m g)  after procedure;  

Vs   i s  the  total  vo l um e of  the  port ion  of  the  d ispersion  added  to  pan  (m l ) ;  and  

 md  =  MCs  ×  Vd  

where  

md   i s  the  total  QD  m ass  of  d i spers ion  (m g) ;  

Vd   i s  the  total  vo l um e of  d ispers ion  (m l ) .  

7.2  Mass concentration  from  relative  absorbance 

 MCn  =  MC i  ×  An /A i  

where  

MCn   i s  the  m ass  concen trati on  of  new preparati on  (m l ) ;  

MC i   i s  the  m ass  concen trati on  of  i n i t ial  preparati on  (m l ) ;  

An   i s  the  absorbance  of  new preparati on ;  

A i   i s  the  absorbance  of  i n i ti al  preparation .  

8 Measurement  uncertainty 

Uncertain ty of  m ass  m easurem en ts  can  vary widel y depend ing  on  equ ipm ent,  experim ental  
cond i t i ons  and  laboratory personnel  practices.  Users  of  th is  docum ent  are  encouraged  to  
reference  I EC/I SO Gu ide  98-3  for  gu idance  and  other  re lated  on l ine  too ls  and  l i terature.  

I n  order to  provide  the  proper con text  for  m easurem ents,  an  estim ate  of  u ncertain ty shou ld  be  
provided  i n  the  test  report.  Typical l y,  est im ates  of  Type  B  uncertain ti es  can  be  incl uded  i n  the  
test  report.  The  com ponen ts  of  uncertain ty wi l l  vary depending  upon  the  m ass  m easurem ent  
techn ique  em ployed  and  wi l l  change  wi th  an y m od i f ication  of  the  test  procedure.  U ncertain ty 
est im ates  shal l  be  reviewed  whenever a  change  i n  the  m easurem ent process  i s  m ade.  
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Poten tial  sources  of  uncertain ty i nclude:  

•  error i n  vo lum e m easurem ent (wi l l  depend  on  m ethod  of  m easuri ng  vo lum e) ;  

•  error i n  m ass  m easurement  (wi l l  depend  on  operating  param eters  of  the  speci fi c  TGA) .  

These  sources  and  values  of  uncertain ty shal l  be  reported  i n  the  “Estim ates  of  U ncertain ty”  
secti on  of  the  test  report  described  in  C lause  9 .  

9 Test  report  

The test  report  shal l  i nclude  at  a  m in im um ,  the  fo l l owing  in form ation :  

•  tare  m ass  of  the  TGA pan  (m g) ;  

•  to tal  vo l um e  of  the  port ion  of  d i spers ing  so lven t  added  to  the  pan ;  

•  res idual  m ass  after  heati ng  to  650  °C;  

•  a  g raph  d isplaying  m ass  vs.  tem perature  of  the  tem perature  scan  (see  F igure  A. 1 ) ;  

•  to tal  vo l um e of  the  sam ple;  

•  estim ates  of  u ncertai n ty.  
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Annex A 
( in formative)  

 
Example of determination  of mass of QD dispersion  

The fo l l owing  in form ation  i s  appl ied  i n  th is  exam ple.  

•  The  to tal  vo lum e of  QD  d ispers ion  i s  20, 0  m l .  

•  0 , 200  m l  of  so l u t ion  was  added  to  a  tarred  TGA pan .  

•  The  so lvent  was  rem oved  by heating  the  TGA pan .  

•  The  dried  m ass  was  determ ined  to  be  7 , 3  m g  i n  the  i nstrum ent.  

•  After heating ,  the  res idual  m ass  was  determ ined  to  be  5, 57  m g .  

 

Mass  concen trati on  of  QD  =  5, 57  m g/0, 200  m l  =  27, 9  m g/m l .  

Mass  of  QD  i n  the  d i spers ion  =  27, 9  m g /m l  ×  1 9 , 8  m l  =  552  m g .  

Figure A. 1  – Mass  of  QD d ispersion  vs.  temperature  
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Annex B  
( in formative)  

 
Determination  of mass concentration  of addi tional  samples 

B.1  General  

I n  th is  exam ple,  Sam ple  A has  a known  concentrati on  whereas  Sam ple  B  i s  an  i dentical  
preparation  bu t  has  an  unknown  concen trati on .  

Sam ple  A was  previous l y determ ined  to  have  a  concen tration  of  27, 9  m g/m l .  

B.2  Preparation  

Three  cuvettes  are  prepared ,  a  hexane  blank,  a  d i l u t ion  of  sam ple  A (30  µl  i n  2 , 97  m l  of  
hexanes)  and  a  d i l u t i on  of  sam ple  B  (30  µl  i n  2, 97  m l  of  hexanes) .  

B.3  Resul ts  and  calcu lations  

The absorbance  at  350  nm  i s  m easured  for the  two  sam ples .  Sam ple  A has  an  absorbance  of  
1 , 21  whereas  sam ple  B  has  an  absorbance  of  1 , 43.  

The  concentration  of  sample  B  i s  calcu lated  by the  fo l l owing  form u la:  

mg/ml0,33
21,1

43,1
9,27 =×  
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