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R o b e r t  B o y le :  P io n e e r  o f  E x p e r im e n ta l  
C h e m is tr y

P. A. G. O 'H A R E
Few  w h o  have  s tu d ied  chem istry  o r physics, even  at the 

m o st ru d im e n ta ry  level, have  n o t en co u n te red  the  fam ous 
re la tionsh ip  b e tw een  th e  vo lum e a n d  p ressu re  of a gas know n 
as Boyle's law . A lth o u g h  h is nam e p resum ab ly  will live in  
p e rp e tu ity  in  connection  w ith  th is law , n o t m any  scientists, 
even  p rofessional chem ists an d  physicists , are aw are of Boyle's 
o ther, p e rh a p s  even  m ore  significant, discoveries.

The early  h isto ry  of science ab o u n d s  w ith  th e  nam es of 
in d ep e n d e n tly  w ea lth y  ind iv iduals  w hose  circum stances and  
inclina tions a llow ed  th em  to set u p  a n d  m ain ta in  laboratories of 
th e ir ow n. R obert Boyle w as such  a priv ileged  person . H e w as 
b o rn  on  January  2 5 ,  1627, a t L ism ore C astle, C oun ty  W aterford , 
Ire land , th e  last of 14 ch ild ren  of R ichard  Boyle, Earl of Cork, 
a n d  L ady C atherine  Fen ton . M any details of h is ch ildhood  and  
y o u th  are  g iven  in  h is au tob iograph ical A n Account of Philaretus 
during his M inority  w hich , M ad d iso n 1 concludes, m u st have 
been  w ritten  w h e n  Boyle w as ab o u t 21 years of age.

In  th is account, he  recognized  h is good  fo rtune  in  hav ing  
been  b o rn  " in  a cond ition  th a t n e ith e r w as h igh  eno u g h  to 
p rove  a tem p ta tio n  to laziness, n o r low  e n o u g h  to  discourage 
h im  from  a sp irin g ."  H is position , nevertheless, w as a very 
priv ileged  one  in  the  Ire land  of th a t tim e an d  affo rded  educa
tional a n d  social o p p o rtu n itie s  o p e n  to  very  few  of h is con tem 
po rary  fellow  coun trym en . A t a very  ten d e r  age (perhaps as 
early  as four), h e  w as p ro v id ed  w ith  a tu to r  an d  learned  " to  
w rite  a faire h a n d "  an d  to  speak  Latin  a n d  F rench, in  w hich  he 
becam e very  proficient. In d eed , d u rin g  his later travels in

1 R. E. W. Maddison, The Life of the Honourable Robert Boyle (London: Taylor 
and Francis, 1969), p. 2.
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E urope, he  seem ed  to  sug g est th a t h is F rench  w as b e tte r  th an  
his English! H e w ro te  of h is tru th fu ln ess  a n d  lifelong devo tion  
to  it an d  re la ted  an  ep isode  (rem iniscent of G eorge W ash ing
ton) in  w hich  he  den ies hav ing  ea ten  half a d o zen  p lu m s, b u t 
adm its to  hav ing  ea ten  "h a lf a sco re ."

H e w as abou t eigh t years of age w h en , a long  w ith  h is b ro th e r 
Francis, he  w as sen t to  E ton  College. T hey  arrived  th ere  in  
1635, hav ing  su rv ived  sto rm s an d  T urk ish  galleys on  the  Irish 
Sea. H is w illingness to  learn  ea rn ed  h im  special p riv ileges, 
includ ing  p rivate  tu ition  from  th e  h ead m aste r. W hile a t E ton, 
he becam e an  av id  reader, b e ing  m uch  im p ressed  by  the  
Historiae Alexandri Magni of Q u in tu s  C u rtiu s R ufus. Boyle, w h o  
appears n o t to  have  en joyed  ro b u st h ea lth  th ro u g h o u t h is life, 
m akes reference to  bou ts  of sickness a n d  escape from  serious 
in ju ry  in  a collapsing room  a t the  college, tw ice in  falls from  
horses, a n d  once from  an  ap o th ecary 's  m istake. The la tter he 
m ade reference to  as " th e  occasion th a t m ade  h im  afte rw ards 
so inquisitively  app ly  h im self to  the  s tu d y  of Fisicke [i.e., 
m edicine], th a t he  m ay  have the  less n e e d  of th em  th a t p ro fess 
it."

H e sp en t four years  a t E ton. D uring  the  last year, he  seem s 
to have d eserted  the  s tu d y  of L atin  for th a t of h isto ry . In  1639, 
the Earl m oved  his tw o  sons to  the  fam ily esta te  a t S talbridge in  
D orset an d  insta lled  th em  in the  h o u se  of the  local p a rso n  w h o  
acted  as their tu to r. H ere  Boyle's love for Latin  seem s to  have 
been  rev ived  a n d , in  h is spare  tim e, h e  w ro te  "so m e  few  verses 
bo th  in  F rench  a n d  Latin, an d  m any  copies of am orous, m erry , 
and  d evou t ones in  English, m ost of w h ich , u n com m un ica ted , 
the day  he  cam e of age h e  sacrificed to  V ulcan . . . ."  H e also 
received tu ition  in  m usic, b u t a "b ad  voice soon  p e rsu a d e d  him  
to desis t."

His next tu to r, Isaac M arcom bes, a na tive  of th e  A uvergne  
and  residen t of G eneva, seem s to  have  exerted  a p ro fo u n d  
influence u p o n  the  12-year-old Robert. W ith  h im  he  co n tin u ed  
his s tudy  of Latin an d  F rench  a n d  lea rn ed  from  M arcom bes "a  
very cautious an d  considerate  w ay  of expressing  him self, 
w hich  after tu rn e d  to  h is no  sm all a d v a n ta g e ."  F our days after 
Francis Boyle w as m arried  to E lizabeth K illagrew  in  the  p re s 
ence of the  k ing an d  q u een , th e  b rideg room , h is b ro th e r
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Robert, a n d  M arcom bes d e p a rted  for France on  the  first p a rt of 
th e ir E u ropean  tour.

The g ran d  to u r  (of w h a t are no w  Italy, Sw itzerland , M onaco, 
a n d  France) certain ly  h e lp ed  h im  in  h is m aste ry  of languages, 
gave h im  a E u ropean  ou tlook  b u t, su rprising ly , seem s n o t to 
have  h a d  a very  p ro fo u n d  influence on  his su b seq u en t scien
tific career. Paris (" th a t vast chaos of a city"), Lyons ("fitter for 
the  residence  of m erch an ts  th an  of g en tlem en"), G eneva (the 
hom e of M arcom bes, w h ere  he  sp e n t 21 m on ths , w as tau g h t 
logic, rhetoric , m athem atics, an d  lea rn ed  to  p lay  court tennis) 
w ere  v isited  in  th a t o rder. T hey arrived  in  Florence tow ard  the 
e n d  of O ctober 1641. H ere, u n d e r  th e  tu te lage  of M arcom bes, 
he  s tu d ied  Italian  h isto ry  a n d  language  an d  " th e  new  p a ra 
doxes"  of Galileo; it w as w hile they  w ere  a t Florence th a t 
Galileo d ied  in  nea rby  A rcetri. (It is in te resting  to  no te  tha t 
Boyle's ow n  p o rtra it is n o w  am ong  the  G ioviana Collection at 
the  Palazzo Vecchio in  Florence.)

N o t all h is tim e, ap p aren tly , w as sp e n t in  study : "n o r  d id  he 
som etim es scrup le , in  h is G overno r's  [i.e., tu to r's] com pany to 
visit th e  fam ousest bordellos; w h ith e r reso rting  o u t of bare 
curiosity , he  re ta in ed  there  an  u n b lem ish ed  chastity , an d  still 
re tu rn e d  thence  as h o n e s t as he  w e n t th ith e r . . . But though  
P h ila re tus w ere  n o  fuel for fo rb idden  flam es he  p roved  the 
object of u n n a tu ra l ones . . .  he  w as som ew hat rudely  p ressed  
by  the  p rep o ste ro u s  cou rtsh ip  of tw o  of those  friars, w hose  lust 
m akes no  d istinction  of sexes."

In  Rom e, he  v iew ed  the  excesses of the  church  w ith  a 
som ew hat jau n d iced  eye. The travelers left the  E ternal City 
because  Francis w as unab le  to  to lerate  the  h o t climate. The 
au tob iograph ical account en d s  a t M arseilles, w here  Philaretus 
saw  the  F rench  k in g 's  galleys p u t  to  sea row ed  by  "ab o u t 2,000 
po o r s laves."

The Earl of C ork 's  sad  sta te  of affairs as a resu lt of the  Irish 
rebellion  of 1641 ("I am  d eep ly  in deb ted , a n d  have ne ither 
m oney , rev en u e , n o r  stock left m e, n o r can longer subsist for 
w a n t of th em ") b ro u g h t the  g ran d  to u r to an  ab ru p t end . 
Francis re tu rn e d  to  Ire land  im m ediately , an d  Robert, ev en tu 
ally, by  w ay  of G eneva, to E ngland  in  1644, shortly  after his 
fa th e r 's  d e a th  in  1643.
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The British Isles to  w h ich  Boyle re tu rn e d  w ere  w racked  by 
th e  A nglo-Irish  w ars an d  the  English Civil W ar. H e had  
in te n d e d  to  jo in  th e  arm y  b u t, fo rtunate ly , w as d issu ad ed  from  
d o ing  so by  his e lder sister, L ady R anelagh. She a ttem p ted  to 
gain  h is su p p o rt for the  cause of the  Parliam entarians b u t, as he 
w as to  do  th ro u g h o u t h is life, Boyle seem s to have  avoided 
tak ing  a public  political stance. In teresting ly , h is fam ily m em 
bers h a d  ra th e r  sha rp ly  d iv ided  loyalties d u rin g  the  civil w ar; 
those  loyalties, how ever, w ere  he ld  m odestly  eno u g h  so that, 
w ith  the  conclusion  of the  w ar, th ey  m an ag ed  to re ta in  m ost of 
th e ir w ea lth  an d  influence.

It w as d u rin g  h is su b seq u en t years a t S talbridge, after forays 
in to  agricu ltu re  (" M y g ran d  em p loym en t in  m y spare h o u rs ,"  
he  w ro te  in  1646, " is  to  catechise m y g ard en er a n d  our 
p lo u g h m an  concern ing  the  fu n d am en ta ls  of their p ro fession .") 
a n d  m edicine, th a t h e  b eg an  his serious chem ical investiga
tions, p robab ly  abou t 1649. Boyle's early  scientific th o u g h t w as 
in fluenced  by  the  w ritings of Francis Bacon an d  Galileo, w hose  
w orks, w e m en tio n ed  earlier, he  en co u n te red  d u rin g  his stay  in  
Florence. Eater, th e  Principles of Philosophy by  D escartes becam e 
a source of in sp iration . To tw en tie th -cen tu ry  experim entalists 
it is s trange  to recall th a t Boyle's m arriage of p h ilo sophy  and  
experim en ta tion  w as frow ned  u p o n  by  m any  of the  lead ing  
in te llectuals of h is tim e. The C artesian  p h ilo sophers on  the 
con tinen t, w h o  k n ew  by  " p u re  rea so n "  m uch  of w h a t Boyle 
w as to  tes t experim entally , looked  askance u p o n  his w ork. 
A fter h is d ea th , the  D utch  physicist H u y g en s a n d  the  G erm an 
m athem atic ian  Leibnitz  expressed  reg re t th a t Boyle h ad  w asted  
h is tim e a n d  ta len ts  u p o n  experim en tal science. O f course, 
m an y  of the  conclusions arrived  a t by  " p u re  rea so n ,"  unlike 
Boyle's em pirical resu lts , su b seq u en tly  h a d  to  be jettisoned .

It is n o t easy , even  for a tra ined  chem ist, to  read  Boyle's 
scientific publications. The s ta tem en t has been  m ade th a t he  "is 
no to rious  as h av ing  one  of th e  m ost tiresom e literary  styles on 
record . It is diffuse an d  ram bling , apologetic a n d  deprecatory , 
a n d  w ith o u t ad eq u ate  term inal facilities." T hat criticism  is no t 
w ith o u t m erit a n d  is a t o d d s  w ith  Boyle's conviction tha t 
science, u sua lly  p re se n te d  in  m athem atical form s an d  lan 
guage, sh o u ld  be w ritte n  abou t in  such  a w ay  th a t it could  be
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clearly u n d e rs to o d  by  the  nonscien tist. In  d o ing  so, he  in tro 
duced  to the  scientific litera tu re  a p recep t a d o p te d  in  their 
publications by  m ost m o d ern  experim ental sc ien tists, w h ich  is 
the  descrip tion  of p rocedu res  a n d  resu lts  in  sufficient detail 
th a t o thers , repea ting  o r assessing  the  w ork  at a later da te , can 
do so exactly a n d  objectively.

The decade th a t e n d e d  in  1655 is refe rred  to  as Boyle's 
S talbridge p eriod , d u rin g  w h ich  his rep u ta tio n  w as be ing  
estab lished  w ith  the  help  of such  pub lications as the  theological 
treatise Seraphick Love a n d  The Usefulness of Natural Philosophy. 
There are ind ications in  Seraphick Love of h is early  chem ical 
experim ents on  m etals, an d  his fu rnaces, an  essen tia l p a rt of 
his "V ulcanian  fea t,"  h a d  n o w  been  construc ted . Like m any  
scientists of h is tim e, he w as concerned  w ith  the  com position  of 
m atter. H is ow n  theory , the  "co rp u scu la r p h ilo so p h y ,"  fore
shadow s in  certain  respects m o d ern  theo ries of the  stru c tu re  of 
atom s an d  m olecules. H e also cam e to reg ard  h e a t as a 
consequence of the  m otion  of th e  particles from  w hich  m atte r 
w as constructed .

Boyle belonged  to a g ro u p  (subsequen tly , the  nuc leus of the  
new ly  form ed Royal Society) of avan t-garde  th in k e rs—m ath e 
m aticians, n a tu ra l p h ilo sophers, a n d  p h y sic ian s—w h o  m et 
regularly  in  L ondon. A t those  ga therings, top ics as d iverse  as 
C opernican astronom y, com ets, a n d  the  circulation of the 
blood w ere  d iscussed . Tw o of the  y o u n g e r m em bers are  still 
well rem em bered : Robert H ooke (w hose law  rela tes, for exam 
ple, the  ex tension  of a sp rin g  to  the  load  causing  it) an d  
C hristopher W ren, the fam ed  arch itect of St. P au l's  C athed ra l 
in L ondon. W ith the  passage  of tim e, several m em bers of the  
g roup  took u p  residence in  O xford, a n d  Boyle even tually  
follow ed them . The exact da te  of h is m ove to O xford is n o t 
know n , b u t M add ison2 cites ev idence th a t it p robab ly  w as late 
in  1655 or early  in  1656.

Shortly  after h is arrival in  O xford , Boyle lea rn ed  of a n ew  
application (in M agdeburg) of the  suction  p u m p , by  m eans of 
w hich, it w as rep o rted , a barrel w as em p tied  of w a te r and , 
later, a m etal con ta iner of air, th u s  creating  a partial vacuum .

2 Ibid., p. 89.
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W ith  th e  G erm an  w ork  as a basis a n d  R obert H ooke as 
designer, Boyle a n d  h is assis tan ts  construc ted  the  first p u m p  
expressly  con trived  to  create a vacuum . This in ven tion  cam e at 
a tim e w h e n  n a tu ra l p h ilo so p h ers  w ere  in trig u ed  by  the  effects 
of a tm ospheric  p re ssu re  (and  theo log ians railed  against the 
very  idea of a vacuum !).

The Italian  physicist Torricelli h a d  d em o n stra ted  th a t the 
space above the  m ercu ry  surface, fo rm ed  after a tube  h ad  been  
filled a n d  in v erted  in  a b a th  of m ercury , w as devoid  of air. This 
space is even  n o w  called the  Torricellian vacuum . (For m any  
years, th e  tube  an d  b a th  of m ercu ry  affo rded  the practical 
m e th o d  for m easu rin g  the  p ressu re  of the  a tm osphere .) N u 
m erous experim en ts  h a d  b een  perfo rm ed  in  th is vacuum , bu t 
the  m eth o d  w as cum bersom e at best. The n ew  vacuum  p um p , 
itself ex trem ely  aw k w ard  by  m o d ern  s tan d a rd s , nevertheless 
obv iated  m an y  of the  difficulties associated  w ith  Torricelli's 
a p p a ra tu s  an d  w as described  in  1660 in  Boyle's first pub lished  
scientific study : New Experiments Physico-Mechanical, Touching 
the Spring of the Air, and its Effects. The p u m p  w as em ployed  to 
sh o w  the  necessity  of air for the  transm ission  of so u n d  (a 
ticking w a tch  w as silenced  by  th e  rem oval of air) a n d  for the 
su p p o rt of com bustion  (the extinction of a ligh ted  candle in  a 
vacuum ) a n d  of life (the d e a th  of a cat d u e  to  lack of a ir)—thus 
the  "M ach ina  B oyleana" a n d  the  "B oyleian v acu u m ."  F urther 
experim en ts  in vacuo w ere  described , includ ing  the  discovery 
th a t fru its  an d  vegetab les con ta ined  w h a t later chem ists w ere to 
call "fixed  a ir"  (i.e ., carbon  dioxide) th a t w as g iven off du ring  
ferm en ta tion . T hese experim en ts, a n d  the  em bryonic Royal 
Society, w ere  satirized  in  1661.

To th e  D an ish  ag en t late  w as show ne 
T hat w h ere  noe  aire is th e r 's  noe  b rea th .
A  glass th is secre tt d id  m ake k now ne,
W herein  a ca tt w as p u tt  to d ea th  
O u t of the  glass th e  air be ing  screw 'd  
P us d y ed  a n d  n ev er so m uch  as m ew 'd .
A lthough  these  discoveries are  of p ro fo u n d  scientific im por

tance, it is Boyle's w ork  on  the  re la tion  of the  volum e to the 
p ressu re  of confined  air th a t h as  b een  historically  connected  
w ith  h is n am e  as "B oyle 's L aw ."  P ub lished  in  1662 as an
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append ix  to the  second  ed ition  of New Experiments, th is  h y p o th 
esis, first called a " law " by  Bernoulli in  1683, s ta tes  th a t the  
volum e of a gas is inverse ly  p ro p o rtio n a l to  th e  p ressu re  be ing  
exerted  u p o n  it, p ro v id ed  the  tem p era tu re  does n o t change. In 
o ther w ords, 1 liter of air a t 1 a tm o sp h e re  p re ssu re  is red u ced  
in  volum e to 0.5 liter a t 2 a tm o sp h eres  a n d  increased  to 2 liters 
at 0.5 a tm osphere . (Strictly, th is law  app lies on ly  to  a "perfec t"  
gas at very  low  p ressu res .)

To the  no n h isto rian  of chem istry , th e  b es t k n o w n  of Boyle's 
publications is the  Sceptical Chymist w h ich  ap p e are d  in  1661. 
(An u n d e rg ra d u a te  p u n  once h a d  it th a t th e  Septical Chemist 
w as w ritten  by  R obert Boil.) In  th is  book, he  described  m an y  of 
h is recen t experim ents includ ing  the  p rep a ra tio n  of h y d ro g en  
by the  action of m ineral acid o n  steel filings a n d  n e w  com 
p o u n d s  of copper a n d  of m ercury . H all3 p o in ts  o u t qu ite  firm ly, 
contrary  to  som e op in ion , th a t in  the  Sceptical Chymist Boyle d id  
not give a m o d ern  defin ition  of an  e lem en t, b u t sim ply  so u g h t 
to dem onstra te  th a t w h a t w ere  reg a rd ed  in  the  sev en teen th  
cen tury  as e lem en tary  en tities (e .g ., fire, ea rth , m ercury) to  be 
fo und  in  all substances, e ither w ere  n o t stable or sim ply w ere  
not found  in  all substances, a n d  th a t the  e lem en tary  bu ild ing  
blocks of n a tu re  w ere  fu n d am en ta l particles.

For m any  science s tu d e n ts , p a rt  of th e ir in tro d u c tio n  to 
analytical chem istry  consists of experim en ts  b ased  on  titrim e
tric (i.e., by  titration) analyses. T hey are, in  fact, fo llow ing a 
trail o p en ed  by  R obert Boyle a lm ost 300 years  ago. Som e such  
analyses rely  on  color changes of a d d e d  vegetab le  dyes b ro u g h t 
about th ro u g h  the  neu tra liza tion  of acidic by  alkaline so lu tions, 
an d  vice versa. Boyle w as the  first to  s tu d y  color changes 
caused  by m ixing chem icals. H e fo u n d  th a t all acids tu rn e d  
blue vegetable so lu tions red , a n d  th a t those  substances  w h ich  
w ere n o t acidic d id  n o t do  so. This observa tion  led  to h is 
classification of substances as acidic, alkaline, or neu tra l. The 
research  on  color changes d u rin g  chem ical reactions seem s 
largely to have been  perfo rm ed  d u rin g  h is O xford  period . U se 
of the color reagen ts  w as described  for the  first tim e in  h is

3 Marie Boas Hall, "Boyle, Robert," Dictionary of Scientific Biography (New 
York: Scribner's, 1970), Vol. 2, pp. 377-82.
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Experimental History of Chemistry, p u b lish ed  in  1665. This w ork  
w as su b seq u en tly  tran s la ted  in to  Latin, th u s  assu ring  it a m uch 
larger read e rsh ip , a n d  it becam e fam iliar to  m any  leading  
sc ien tists includ ing  Isaac N ew ton . D escrip tions of the  test 
p ro ced u res  w ere  p rin te d  in  m an y  e ig h teen th -cen tu ry  textbooks 
a n d  encyclopedias of chem istry .

M any  of Boyle's m ost significant experim ental find ings w ere 
in  the  discip line no w  classified as analytical chem istry . Let us 
give an  exam ple o r tw o  of h is d iscoveries in  add ition  to  the 
color tests: he  dev ised  m eth o d s  for d ifferen tia ting  betw een  
go ld  a n d  silver a n d  for d e te rm in in g  w h e th e r  silver w as adu l
te ra ted  w ith  copper, a n d  he  u se d  flam e tests  for identification 
p u rp o se s  (certain  m eta ls w h e n  h ea ted  in  a flam e em it specific 
characteristic  colors). In d eed , ev idence for Boyle's in troduction  
of the  term  " analytical chem istry"  in to  the  E nglish language is 
cited  by  B urns4 in  a recen t article. Suffice it to  say th a t Sam uel 
Jo h n so n 's  d ictionary  of 1785 a n d  the  O xford D ictionary of 1888 
u se d  Boyle's w ritings to  explain  the  m ean ing  of analysis as 
em ployed  in  chem istry .

It is, p e rh a p s , a p p ro p ria te  th a t the  p re se n t au th o r, a therm o
dynam icist by  p ro fession , sh o u ld  also single o u t for a tten tion  
the  pub lica tion  in  1665 of Boyle's New Experiments and Observa
tions Touching Cold, th e  resu lt of several years of s tu d y  in  the 
labora to ry  a n d  of conversa tions a n d  co rrespondence  w ith  
those  w h o  h a d  f irs th an d  experience of ex trem es of co ld —sea 
cap ta ins of the  H u d so n 's  Bay C om pany  a n d  Sam uel Collins, 
physic ian  to  th e  czar of R ussia. Boyle describes for the  first tim e 
the  u se  of an  alcohol th erm o m ete r (spirit of w ine  colored w ith  
cochineal) for m easu rem en ts  of low  tem pera tu res. Such th e r
m om eters  are  still u se d  in  everyday  laborato ry  w ork. O ther 
significant n ew  concep ts to  be fo u n d  in  th is book include the 
u se  of freezing  m ix tures, cold storage for the  p reservation  of 
food, an d  th e  expansion  of w a te r on  freezing. M any of the 
experim en tal observations ap p e a r  to have  been  m ade  possible 
by  th e  ex trem ely  cold w in te r of 1662!

4 D. T. Burns, "Robert Boyle (1627-1691): A Foundation Stone of Analytical 
Chemistry in the British Isles. Part I. Life and Thought," Analytical Proceedings 
(London: Royal Society of Chemistry), Vol. 19 (May 1982), p. 228.
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An illustration from Robert Boyle's New Experiments and Observations 
Touching Cold (London: John Crook, 1665). This book is one of 15 early works 
of Boyle in the University Libraries.
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In  1662, Boyle's sister, K atherine Lady R anelagh, h ad  m oved 
h e r residence  to  Pall M all in  L ondon . S ubsequen t co rrespon
dence  b e tw een  th em  h in ts  a t h is ev en tua l m ove to L ondon, 
w h ich  took place in  A u g u st 1668. H e w as to live there  un til his 
d e a th  in  1691. O ne of h is m ore no to rious Pall M all neighbors, 
n ev er m en tio n ed  in  h is co rrespondence , w as Nell G w yn, 
m istress of C harles II.

N ow  th a t Boyle h a d  set u p  his n ew  hom e, the  vo lum inous 
co rrespondence  w ith  h is L ondon  confreres (notably H enry  
O ld en b u rg , secretary  of the  Royal Society, an d  Robert Hooke) 
w as no  longer necessary  a n d  he w as, consequen tly , able to 
devo te  m ore tim e to  the  affairs of the  Royal Society. H ooke 
frequen tly  v isited  a n d  d in ed  w ith  Boyle a n d  ap p aren tly  he lped  
w ith  the  construc tion  of a labora to ry  in  the  Pall M all residence. 
N ew  stud ies  of the  effects of p ressu re  (reduced  an d  increased) 
w ere  carried  ou t. H e d e m o n stra ted  before the  Royal Society a 
w ide  range  of experim en ts  includ ing , for exam ple, som e on  a 
p e n d u lu m  sw ing ing  in vacuo a n d  the  p ro d u ctio n  of light on 
m ixing tw o  liquids. In 1674, h is Observations and Experiments 
about the Saltness of the Sea h igh ligh ted  the  use  of distillation  for 
the  p rep a ra tio n  of fresh  w a te r from  seaw ater, based  on  his 
po stu la te  th a t the  sa ltiness of seaw ater w as caused  by the  salt 
d isso lved  in  it. In  1683, R obert F itzgerald, a n e p h e w  of Robert 
Boyle, a n d  his p a rtn e rs  w ere  g ran ted  a p a te n t by  the  king: 
Engines for purifying salt and brackish water, making it sweet and fit 
for drinking and purposes of cooking. M add ison5 has op ined  that 
F itzgerald 's  re la tionsh ip  to  Boyle w as of g rea t advan tage  in 
p rocu ring  th is p a ten t. In th a t sam e year, Boyle w as sum m oned  
before th e  k ing  to  d em o n stra te  the  n ew  techn ique for the 
purification  of seaw ater. S tu d en ts  of chem istry  will find  it 
in te restin g  th a t Boyle d em o n stra ted  chem ically the  pu rity  (i.e., 
absence of sod ium  chloride) of the  distilled  w ater by the 
n o n ap p earan ce  of a p rec ip ita te  of silver ch loride u p o n  add ition  
of a so lu tion  of silver n itra te . This analytical p rocedu re  w as, in 
m o d ern  parlance, "classified" un til after Boyle's d ea th , al
th o u g h , as M add ison  has p o in ted  ou t, th e  g rea t m an  him self 
h a d  let th e  cat o u t of the  bag  as early  as 1663!

5 Maddison, The Life of the Honourable Robert Boyle, p.148.
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O ne even ing  in  1677, Jo h an n  D aniel Kraft, a w ell-know n 
G erm an chem ist, b ro u g h t to  Boyle's h om e for h is in spec tion  a 
s trange n ew  substance  w ith  u n u su a l p ro p ertie s , one  of w h ich  
w as th a t it g low ed  in  the  dark . K raft w as ra th e r  tigh t-lipped  
abou t th is substance  b u t, ev iden tly , said  e n o u g h  th a t Boyle w as 
able to deduce  th a t it could  be p rep a re d  from  h u m a n  u rine . H e 
isolated  a sufficient q u an tity  of w h a t is n o w  called w h ite  
p h o sp h o ru s  to  de te rm ine  m ost of its p ro p ertie s  th a t w ere  to  be 
k now n  for the  nex t 200 years: th a t w h ite  p h o sp h o ru s  could , 
an d  shou ld , be sto red  u n d e r  a p ro tective covering  of w a te r to 
p rev en t oxidation; th a t p h o sp h o ru s  could  exist in  an o th er, red , 
form; an d  th a t p h o sp h o ric  acid could  be p ro d u ce d  from  it. The 
resu lts  of those  investiga tions w ere  p u b lish ed  as The Aerial 
Noctiluca (1680) an d  The Icy Noctiluca (1682). H all6 h as  s ta ted  
th a t the  la tte r w ork  " deserves to be read  as a classic exam ple of 
early chem ical ana ly sis ."  In  add ition , a p a p e r  en titled  A  Method 
of Preparing the Phosphorus of Humane Urine w as d ep o sited  w ith  
the  Royal Society in  1680.

The sam e year in  w h ich  The Aerial Noctiluca w as p ub lished , 
Robert Boyle w as elected  p re s id e n t of th e  Royal Society. 
Surprising ly , he  declined  th is p restig ious position  a n d  w ro te  to 
Robert Hooke: " H is reasons I have  n o t n o w  tim e to  tell you , b u t 
they  are of such  a w eigh t w ith  m e, w h o  have  a g rea t [and  
p e rh ap s  peculiar] ten d e rn ess  in  th e  p o in t of oa th s , th a t I m u st 
hum bly  beg  the  Royal Society to  p roceed  w ith  a n e w  election, 
and  do  so easy  a th ing , as am ong  so m an y  w o rth y  p e rso n s , th a t 
com pose th a t illustrious com pany , to  choose a p re s id en t, th a t 
m ay be b e tte r  qualified th an  I for so w e igh ty  e m p lo y m en t."  H is 
w ishes w ere  acceded  to, an d  Sir C h risto p h e r W ren  w as elected  
in  h is stead.

Boyle's L ondon  period  w as clearly n o t as p roductive  of 
research  as h is years a t S talbridge a n d  O xford. Boas7 has 
suggested  th a t m uch  tim e th a t could  o therw ise  have  b een  u sed  
for fu rth e r orig inal experim en tation  w as w asted , inter alia, in

6 Marie Boas Hall, "Robert Boyle," Scientific American, Vol. 217 (August 
1967), pp. 96-102.

7 Marie Boas, Robert Boyle and Seventeenth-Century Chemistry (Cambridge: 
Cambridge University Press, 1958), p. 207.
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chem ical d em o n stra tio n s  for p e rso n s  of influence in  L ondon  
society. T hat th ere  w o u ld  be a d im inu tion  of the  m arvelous 
stream  of h is pub lica tions w as an n o u n ced  by  Boyle h im self in 
1688. O n ly  ran d o m  accounts of various experim ental findings 
w o u ld  hencefo rw ard  be p u b lish ed  since, he said , m any  of his 
p a p e rs  h a d  b een  lost; fu rth e rm o re , a sulfuric acid spill had  
d es tro y ed  o thers . H e claim ed th a t h is no tebooks h ad  been  
tam p ered  w ith  a n d  h is w ritings p lag iarized . H is hea lth  h a d  also 
b eg u n  to de terio ra te . N everthe less, as late as O ctober 1691, 
Locke w as h e lp in g  h im  p rep are  History of the A ir  for publica
tion. This w ork  w as to  ap p e a r  p osthum ously .

In  July 1691, Boyle d rew  u p  his last will a n d  testam en t. This 
d o cum en t, an d  th e  various codicils, are rep rin te d  in  detail by 
M ad d iso n .8 L ady K atherine d ied  on  D ecem ber 23, 1691. This 
w as a g rea t shock to  R obert Boyle w h o  su rv ived  he r by just 
e igh t days a n d  p assed  aw ay  on  D ecem ber 31, 1691. Sir C harles 
L y ttle ton  re la ted  how , w h e n  Boyle d ied , "a  flam e broke o u t of 
one of ye ch im neys, w h ich  be ing  observed  by  ye neighbours 
gave notice of it, a n d , the  ch im ney  be ing  looked  in to , there  w as 
no  cause fo u n d  for it in  ye in side , ye t ap p eared  to flam e for 
som e tim e to  those  w ith o u t."  S hakespeare  p u t it m ore 
poetically.

"W h en  beggars die there  are no  com ets seen;
The h eav en s  them selves b laze fo rth  the  d e a th  of p rinces."
R obert Boyle w as b u ried  in  the  chancel of St. M artin-in-the- 

Fields chu rch  in  L ondon . T hat chu rch  w as dem olished  ju st a 
few  years  a fte rw ard , in  1720, b u t no  record  h a d  been  k ep t of 
th e  d isposal of the  bod ies b u ried  there . T hus, the  last resting  
places of R obert Boyle a n d  his sister are  u n k n o w n .

A lthough  Boyle's rep u ta tio n  rests  p rim arily  on  his scientific 
w orks, it is im p o rta n t to  em phasize  th a t he  w as a m an  of deep  
sp iritual convictions w h o  u se d  h is w ealth  an d  his p e n  to 
su p p o rt w o rth y  charitab le an d  relig ious causes. A m ong those 
pro jects he  su p p o rte d  financially  a n d  m orally  w ere  transla tions 
of th e  Bible in to  Irish  (An Tiomna Nuadh, 1681), T urk ish  (1666), 
a n d  L ithuan ian  (ca. 1661). H e left h is en tire  w ea lth  to  "p ious 
a n d  o th e r good  u se s ,"  includ ing  th e  Boyle Lecture Serm ons,

8 Maddison, The Life of the Honourable Robert Boyle, p. 257.
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w hich  are delivered  to th e  p re se n t tim e. H e w as, from  1661, 
governor of the  Society for the  P ropagation  of the  G ospel in  
N ew  E ngland. H is relig ious w ritings, for exam ple, The Excel
lency of Theology Compared with Natural Philosophy, frequen tly  
u sed  science as a su p p o rt for religion. Som e of th e  o ther 
theological w orks included , am ong  th e ir m ore p ro m in e n t ob
jectives, the  con ten tion  th a t belief in  science w as n o t sy n o n y 
m ous w ith  a theism  a n d  th a t o p p osition  to  A risto tle  d id  n o t 
im ply opposition  to  religion.

In  all likelihood, Boyle will p robab ly  be rem em b ered  by  the  
scientific com m unity  m ostly  for th e  law  th a t carries h is nam e. 
H ow ever, h is m ost p ro fo u n d  ach ievem en ts ap p e a r  to  have 
been  in  analytical chem istry , for exam ple, h is classifications of 
substances as acidic, basic, o r neu tra l; analyses of d rugs 
supp lied  by  apothecaries; the  u se  of silver n itra te  to  de tec t 
chloride ions (as in  salty  w ater); a n d  the  in tro d u c tio n  of colored 
ind icators from  vegetab le sources. H is experim en ts  in vacuo 
w ere  sem inal a n d  p ro v id ed  som e of th e  first s tep s  on  th e  long  
jou rney  th a t even tually  led  to the  kinetic  th eo ry  a n d  ou r 
cu rren t u n d e rs ta n d in g  of the  behav io r of gases a t extrem e 
tem pera tu res  an d  p ressu res . H is g rea t ded ica tion  to experi
m ental p roof an d  m eticu lous rep o rtin g  of h is observations, 
bo th  positive an d  negative, are still sources of insp iration . 
M odern  ed ito rs, u n d e rs tan d ab ly , show  little to lerance of re 
po rts  of experim ents th a t w en t w rong; th ere  is sim ply  n o t 
eno u g h  room  for such  in  the  c row ded  scientific litera tu re . But 
Boyle felt, a n d  righ tly  so, th a t b ad  experim en ts  also can  p o in t 
the  w ay  to even tua l success.

N ow adays, poe ts  seldom  ap p ear to  be aw are  of the  existence 
of scientists (a lthough  the  converse  is a rguab ly  n o t so!) and , 
certainly, one w o u ld  n o t expect a m o d ern  sc ien tis t's  dem ise  to 
insp ire  a poetic valedictory. H ow ever, it w as o therw ise  300 
years ago, a n d  several such  w ere  p e n n e d . The follow ing, by  
Sam uel B oroden, is q u o ted  n o t as an  exam ple of g rea t, o r even  
good, poetry , b u t as a ra th e r  percep tive  s ta tem en t of Boyle's 
scientific ph ilosophy:

" T hen  shone  th e  learned , the  in d u strio u s  Boyle
A nd  so u g h t o u t T ru th  w ith  an  u n w e a ry 'd  toil;
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Boyle o n  E xperim ent a lone  re ly 'd
A n d  N a tu re , w h ich  h e  lov 'd , w as still h is g u id e ."
M ost of B oyle's w orks a n d  co rrespondence  are in  the  custody  

of the  Royal Society (L ondon). Tw o o u ts tan d in g  s tud ies of his 
life are available in  the  m o d ern  litera tu re . The m ost com pre
hensive  (and  readab le , in  m y op in ion) b iog raphy  is by  M ad
d iso n ,9 w hile  Boas10 deals w ith  Boyle's ach ievem ents from  a 
m uch  m ore  technical p o in t of view . In  a series of recently  
p u b lish ed  articles, B urns11 d iscusses various aspects, scientific 
a n d  o therw ise , of B oyle's life, w hile  tw o  sho rte r articles on  the 
sam e topic have  b een  p u b lish ed  by  H all.12

9 Ibid.
10 Boas, Robert Boyle and Seventeenth-Century Chemistry.
11 Burns, "Robert Boyle (1627-1691): A Foundation Stone of Analytical 

Chemistry in the British Isles. Part I. Life and Thought," Analytical Proceedings 
(London: Royal Society of Chemistry), Vol. 19 (May 1982), pp. 224-33; 
"Robert Boyle (1627-1691): A Foundation Stone of Analytical Chemistry in the 
British Isles. Part II. Literary Style, Specific Contributions to the Principles 
and Practice of Analytical Chemical Science," Analytical Proceedings (London: 
Royal Society of Chemistry), Vol. 19 (June 1982), pp. 288-95; "Robert Boyle 
(1627-1691): A Foundation Stone of Analytical Chemistry in the British Isles. 
Part III. American and Dutch Connections," Analytical Proceedings (London: 
Royal Society of Chemistry), Vol. 22 (September 1985), pp. 253-56; "Robert 
Boyle (1627-1691): A Foundation Stone of Analytical Chemistry in the British 
Isles. Part IV. Robert Boyle's Determination of Iron in Tunbridge Water: The 
Earliest Quantitative Colorimetric Reaction?" Analytical Proceedings (London: 
Royal Society of Chemistry), Vol. 23 (March 1986), pp. 75-77; "Robert Boyle 
(1627-1691): A Foundation Stone of Analytical Chemistry in the British Isles. 
Part V. Hungarian Mines, Minerals, and Mineral Waters," Analytical Proceed
ings (London: Royal Society of Chemistry), Vol. 23 (October 1986), pp. 349-51.

12 Hall, Dictionary of Scientific Biography and Scientific American.
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