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N EW DATA ON 8TEHCORr'l'E ( NaNI1.H PO~ . 4 H~O) 

Aì\D ON 1')'8 180S'I'H UCTURAL ARSENA'I' E 

RIASSUNTO. - Si ehiari8Ce ehe le '.umlisi ehimiehe riportl.te in lcltcrut.ura pcr 
III 81ereoritc se llO slat.e "'ale illter prel:ltl'li lLlIO spettro lIi l'oh'cre c/lCguito su stet
cotilo lIllllo isole Chi urha ( Per1\) inllicu chi:lrmllente che tale mi llctulo corrilillondc 
III eon' I)<)Ijto lI rt iricillle N:lN II ,HPO,.4 11.0. La stercotite è isostruttu mlo con 

NltN II ,HAsO,.4 H,O ed cntr:uII]}; i eomposl i sono tdclin; ( l'T) con un" nccen· 

hll.tn IJ/lCullOlli'nmettin C2/ m chc Ile "piega l'esh.'!I..'l gemina>;jo"c (0 10). l para· 
mctri lIcl]', ~ll:. elel1,enlllre I)er il fOllfllt o Il per l'nrllCllill to lIono rillpcUi"nmente: 

• "'" 10,636 (2) , 
• = 90,46 (3) P 
• = 10,706(6) , 
• = 90,10(10) P 

~ 6,9187(14} 

= 97,87 (3) 

- 7,03 1(4) 

_ 98,25(10) 

Il 6,4359(13) A 

Y _ 109.20 (3) -

Il = 6,G92 (4) A 

ì' = 109,1:>(10)· . 

AIlHTKACT. _ A misinlc rpr\Jlnlion of ~hcm icnl nll:llysell of stcrtorite i8 1Jointed 
oul; un X·rlly powdor spoetrum o{ stCtCOrile {rom Ohillehn hlandll ( Pcrn) prOYCII 
clMrly t hut the minera i corretlpondi! lo ~ynthelie NaNH,lI PO,.4 11 ,p. Slarcorit e 
i8 il1081ructlltlll \l'llh NaN H, lI AsO,. 4 11.0 "nd both thc eOlll llolllldll lIrc triclinie 

(P"i) wllh a marked C2/ m IllICudo·syrnrnetry ",hieh accounlll (or thc ir casy {010} 
twinlling. Tbe unit-eell pllr:llnotol'll lire : 

" = 10.636(2) , ~ 6.9 187(14) , - 6.4369(l3) A 

• :00 90.46(3) P = 97.87(3) , = 109.20(3)· 

" = 10.706(6) , - 7.08 1 (4) , - 6.592(4) A 

• ~ 90.10(10) P = 98.25( 10) , "" 109.15( 10)· 

(or Ih/l phosphatc aud the nrllen"tc, relll'cet.i\'/l!y. 

( - ) htiluto di Millcmlogiu, CrisllIllografia e Geoeilimiea dell'UlliYcr8itiì. Vin 
&n MAII8imo 24, 10123 Torino. 
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Introduction, 

Stcrcorite is Il,. minel'n l foulld in guano dcposits ( PALACIIE et al. , 
1963) and, with some doubls ( 1I 11\Tlf.E, 1930 ; P ALACIIE et al., 1963), it 
should correspond to sodi ulll alllllloniUlll hydrogen phosphate tetra
hydrlllc (N!lNll~HP04' 4 11 ~O), H. SIl. lt used in blowpipe 8J18lysis and 
prC8ent in hWllall urine lmicrocosmic sa lt ( P,\SCAL, J 956)J, The arti
ricin i product is Illorphologicu lly describcd Illi pse udo-monoclin ic by 
ScliASCIIEK (1914) who Sll.ys also tlmt the correspondi ng arsenate 
(Ntl.NH.. ... HAsO~, 4B~O) , wh ich is not knowll as Il mincrn l, is t rul)' 
mOlloclin ic, 

'l'he prescnt work, togethe l' with a crysta l stt"llctUl'C det.ennillation 
or fite l'COI' ilc ( FERICH,\Jtl S & l"HAI\CIIINI-Al\m;L,\ , J 974 ), has becn Cll rried 
out 11.8 a part of Il pt'ogn'llllllle of st.rucl urnl l"escHl'clt On a rsenates 
nnd phosphates, 

Chemical composition, 

Correspondence of stercorite with :'II"aN I'I~lIP04 ' 4l:l 20 IS based 
on two ehemical Iltlalyses published by R ADIOSO) (1878) a lld by 
HEH,\I'KnI (1850) who nlso p.'ovides IL wl1ue of t.he density ( 1.61 5, the 
ollly pltysicll l qUlln t.ity known fO l' the minerai), H II\TZE (1930) ,l1ld 
PAb,\CHE ct al. (1963), possibly following D,IN,I (1875), in te rpret thc 
fig ures of the two chemiculllllu ly8<'s in te rms of (NH~hO limI infer that 
lhe Iln turlll materia I does noI, couform eloscly to N!lN H" l:lPO~ , 4H:lO, 
c Does Ilot conform elosel)':t is clf"tlrly an eUJlhemislll; iII fact, nccord
ing to the quoted intel'prf>til1ion, tlle analysed eontent of (l\' H4 hO is 
Ilbout 2/ 3 or the expt>Cted vlllue (Tnble I ), Table 1 shows thut UIC per 
cent t heoretica l eompositioll of NnX Il~HP04 ' 4H~O ex pressed in tenns 
of N H ~ Imd of totnl wutet', instclld of ( :-.rH~hO nnd crysta l1i1.il.t ion 
wlltcr, correspon ds to Ihe origi nll l ( HEHAP ATU, 1850; RAIMONI)], 1878) 
figUl'cs given fO l' chemical ull ul,yscs of stercorite, 

Actually, Il fresh l'eference to thc OI'iginnl pape.'s showed Iha t they 
givc percentage of N H ~ Iln d 1I0t or (NH .hO; thllt is sllid cx plicitly 
by H EItA)'ATI1 (1850) who, fOt, lhe record , used rccrysllllli1.ed ma
terial. RAllIO:\DI ( 1878) does not wrile un)' chemicnl formula Ilnd re
fers tlle percentage to c Ilmoninco:t (S panish) wh ich, howe\'er, undoub
tedly means Nlla Ilud not ( :\i ll4 hO; that fo lloW8 cleurly by compari-
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son with othcl' luHt lyscs in thc sUlll e book, C.g. with that of teschc
muchcrite (NU 4H CO.1) which is on llw SHmc page of ste rcor ite. The 
source or thc misintcrpretlltioll lIlight be D AXA (J875) who wri tes the 
formu la or stcrcorite in terms of (N l:l4hO alld uscs the abbreviation 
c AIII. :t bcside the va lue or 1\'" 1'h quote<! [rom I:I ERAPATH (1850). 

, ,'AIII.E 1 . 

Chcmical (J-tla/yil cs or slcrcorilc. A a.nd D s}ww, iII lwo diffcre-nt UJO.ys, 
lite percellt tlwo/·ctica,l CQllIposition or NaNH 4 1:1 PÙ4 . 4 H~O; B an<t C 
show file pCI"cenloges givcn by l-h: U,\I>,\TU (1850) (lchoboc IslaJld) olld 

by HAUIOXDI ( 1878) ( GI/O.iiape l slonds). 

A n c D 

Na.,o 14.82 15.7:1 14.50 14 .82 Na.O 
(NH,).O 12.45 i.68 8.48 8. 15 NH. 
P.O~ 33.95 34.33 34.54 33.95 P.O. 
" ,o 38.i 8 42.24 42.48 43.08 H,o 

Torni 100.00 100.00 100.00 100.00 

X.ray powder spectra. 

In ordcr to hllve a sound ideutificat ion or stercoritc, sollIe physical 
mcasurcmcnts 011 nutural materi<ll sccmcd neeCSl'iary. An old ( nbout 

1900) SIl.mpl e (' ) from Pe r'U (Chincha. l sla ndii, silm plc 110. 14008 from 

thc collection ul' Iho ì\'l inc '-illog iclI l Illslitutc o[ the Ullive rsity o[ Tu rin ) 
supplied enough stt'rcorite [or Ull X-ray powde l' Sllectrum whieh tumcd 

out to be ident icili with that obtllined frOlli commerciai NaNH~HPO~ . 
.4H~O ['l'llblc 2 and ... \ S 'rM (1% 1) card 110. 11 -358J. Table 3 lists 
X-ray powdcr dllta obta ined (or N!l.!~H~HAsO~. 4 H~O. ludices were 
Ilssigned on t hc basis of th e ullit -ce ll plu-ameters reportcd in Tll blc 4 
/llId, f OI" stc l"co l" itc oll ly, of !he intellsities mellsul-cd in view or 11 c ry
stal-stl"ucturc detcnni llutioll ( }<'~am,\lHS & FII,\SCIltN I-AsOELA, 1974)_ 

(') Tbc IIIImpl0 ~olliaill~, togolher wh" 1I 1)htilalilo K.Na (SO,). , a. -'llIlIlll 1111\011111 
or Bter~ori lo embeddeù in gunno; ~t ereorite al)peu~ \'itreou~, eolorless nnù is 
IIppnreutly ùelhlllCllteut. 
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' r AI.IL E 2. 

Obscr'ved (t11d ca/culalcd (lata for the X-Tay powder spectra o[ slm'co
rite (N, Chincha Isla11lls) alld 01 NIlNl1~HPO~. 4H20 (il ). Carnera 
radius 7J .6 mm, PeJ( a, ,-odia/ion (i.,,= 1.93-728, lal= .1 .93597 A). I nten
sities Qt~ relative 8oofc: VB = very strony. s = slrQ?lfj, JIt = medÙItlI, 

1V = wcaJ.-. 

l , N do(") A J.(A) d.(A) Ul 

" 9.95 9.95 9.93 100 

" 6.56 6.56 6.54 6.52 HO 010 

IIIW 6.36 ,,, 001 

III"' 5.78 5.77 5.76 iOl 

w 4.953 4.978 4.967 ,"O 

rn~ 4.803 4.794 4.796 4.772 210 H O 

m~ 4.692 4.653 4.658 4.691 T11 oft 
n'w 4.444 4.471 4.473 III 

• 4.227 4.239 4.231 201 

• 3.648 3.652 3.662 3 .657 201 211 
, 3.445 3.440 3.453 3.438 ;no 210 

, 3 .267 3 .274 3.2 72 3.262 220 020 

'" 3.182 3.181 3.183 3.170 002 102 

rnw 3.031 3.033 3.050 3.028 1:!1 Hl 

"' 2.966 2.966 2.959 2.971 22 1 021 

,., 2.891 2.902 2.909 2.908 T12 102 

rns 2.8110 2 .874 2.880 2.863 :!02 221 

,·vw 2.767 2.775 301 

",w 2.680 2.687 2.680 2.676 1~ 1 321 

vw 2.628 2.623 2.63 \ 2.(;21 410 310 

w 2.41 i 2.485 2 .485 2.484 302 ' 00 
rnw 2.388 2.393 2.398 2.386 420 220 

m 2.324 2.320 2.323 2.322 421 221 

• 2.206 2.209 2.208 2.206 322 401 
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1"11' 2.115 2.] 69 2.175 2.174 412 030 

2.113 2.172 421 131 

'1"\' ", 2.088 2.088 2.088 2.085 5 11 "411 

l'VW 2.037 2.037 2.044 2.038 32"2 331 

l'l'W 2.019 2.018 2.021 2.016 2:!2 422 

." 1.992 1.987 1.9868 1.9845 500 013 

1.9817 501 

l'I'W 1.915 1.921 1.9227 1.9219 Ha 511 

1.9200 303 

l ' I'W 1.900 1.896 1.9063 1.8974 412 312 

.w 1.810 1.809 1.8098 302 

w 1.774 .1.172 1.7749 1.7112 313 413 

.w 1.746 1.i456 1.7455 403 510 

w' 1.728 1.727 1.1296 240 

.w 1.706 J.103 1.7054 1.7025 3 40 140 

,.' 1.661 1.661 1.6634 t.6588 601 1< 1 

'w 1.625 1.625 1.6244 1.6243 532 511 

1.6142 522 

l'I'W 1.545 1.544 1.5476 001 

Plu~ the following '"" rel leetions: 

1.491 M90 

1.476 1.478 

1.440 1.438 

1.429 

1.394 ].394 

1.372 

1.362 

1.312 

1.269 

1.249 

1.208 
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TABL," 3. 

Observctl ami cal(!ldafcd data· fQr lite X -my powder speclrl/J/l o/ 
NaN1I 4 H As04 • 41hO ; '" 7'able 2. 

r. ",(A) tI,(A) /IN 

m8 10.10 10.00 100 

,., 6.68 6.63 6.63 010 nO 
w 5.90 5.88 101 

IlIW 5.03 '.00 200 

, 4.86\ 4.837 4.836 110 210 
, 4.771 4.766 4.7i4 1 11 011 

l'VW 4.529 4.538 4.531 III 011 

ma 4.304 4.~94 20 1 

• 3.695 3.702 3.694 20 1 211 

"'. 3,495 3.476 3.4 i 5 210 310 

"' 3.334 3.332 300 

m 3.253 3 .~.~ 
. ;.;}I 3.252 002 211 

3.249 3.246 3 11 102 

ma 3.094 3.096 3.09 1 12 1 121 

YI,' 3.018 3.020 3.016 021 221 

• 2.952 2.967 2.942 IO!! 202 

". 2.894 2.898 2.895 221 021 

m. 2.72i " ."" •• 1 •• 2.il9 12 1 321 

w 2.652 2.646 2.646 310 410 

, 'W 2.548 2.550 2.550 321 312 

2.548 121 

w 2.506 2,499 400 

l ' W 2.424 2.418 2.418 220 420 

" 2.380 2.383 222 

UlW 2.33i 2.339 2.338 411 311 

~. 2.263 2.265 2.258 022 1"22 

w 2.219 2.223 2.2 13 401 "312 
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mW 2. 188 2.190 2.189 42 1 221 

w 2.1 12 2.118 2.113 5 10 203 

2.107 411 

w 2.061 2.063 2.061 331 031 

"w 1.956 1.961 1.961 3 13 303 

rl1w 1.921 1.925 1.924 412 312 

P lus the tol1owing w nnd \'w tetlee tioll ~: 

1.852 1.829 1.807 !.i7 1 1.762 1.679 

1.661 1.639 1.590 1.518 1.501 1.484 

1.467 1.453 1.422 1.368 1.339 1.325 

1.313 1.288 1.273 1.228 1.214 ].202 

1.185 1.164 1.115 

Crystal data. 

SCHASCIIEI\ (1914), after an extcllsi" e erystnllog t'aphic study or 
NaNH • .HP0 4 .4H20 and of Nru\'1·14H..As04. 411 20, concludes tllllt 
whi lc the phos phate ilO triclillic but s imulate!> li mOllocli nic syulInetry 
because of a rcpcated {OlO} twi nning, the arsenale is truly monoclinic. 

Vitreous, colourless erystals of NaNH 4 H P04 • 4H20 are eommer
cially available, th ose of Nru,\l ll~HAs04. 4H 20 were g rowll at 5°C 
(a.bout 2 mon ths) fo llowing the melhod or SCIIASCHEK ( 1914) with 
(NH4)2HAs04 lI11d Na~HAs04 HS starting producls instCHd or 
(NR.hAsO. und Na:IAs04 respcet.ively. Crystals or both thc compo
wlds are prismatic [OO IJ and, espee ially those or the arsenale, can 
reaeh severa I mm Ileross; they deteriorate q uiekly in lIir and while 
the phosphate cali be preservcd by coating it wilh a. thin plastieizi ng 
film, the arsenate must. be kcpt in seuled ea pillarics. 

[OOI J Wcisellberg photogrll phs (CuKo: radiation) showed clcarJy 
ali the avuilu ble cl'ystals of NaNH.d-I P04 . 4 H~O to be {OI O} tw inned 

und the symmctry of individuuls to be actua lly triclinic (P1) with a 
marked C2/ m pseudo-symmetr)' . Identificatioll or the same lype or 
twinning in NaNl:l4HAsO~. -l 1l ~O was Ilot straightforward and was 
IlChie"ed only through a. close comparison of upper-Iayer Weissenberg 
photographs or lhe l\\'o com pounds. Thc el'ystallogruphi c study or 
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the phosphate W;18 then ~olltillued 011 a sillgle-ct'yslal diffmctomcter 
(PERRAIUS & l<'luNcnr:\t-Al\"GELA, 1974). !ti; refined unit-cell parametcl'S 
lire ]'cported in 'l'ab le 4 togcther with the cl'ystal data for the arse· 

natc; these havc bccn oblaincd frOlli Weisscnbcr'g photognlphs. 

T ASLE 4. 

P.rimitive P atul CMltcrcd C pSCltdo-'1/lonoclillic /bI/il -celi, param.d ers o[ 

stcf"cwile «?Id 0/ ils ·jsoSII"l/Ct1tral arstmal'e. 

c 
NllNH,HPO,.4A,O 

p 

! C 
NIlNH,HAsO,. "H,O 

P 

! C 
NaNH, HAsO,.4H.O 

l' 

a(A ) beA) c(A) 

20.090(2) 6.9181 ( H ) 6.4359 (13) 

10.636 (2) 6.9181(14) 6.4359(13) 

20.20(1) 1.031 (4) 6.592(4) 

10.706(6) 7.03.1(4) 6.592(4) 

a.(") 

90.46(3) 

90.46(3) 

90.] 0(10) 

90.10 ( 10) 

P (O) )' (0) 

98.50(3) 90.22 (2) 

~)i.87(3 ) 109.20 (3) 

98.ii (t O) 90.00(10) 

98.25(10) 109.15(10) 

V(A') 

884 .70 

442.52 

926.50 

463.25 

The tru llsfol'mutiOIl matrix from P lo C unit celi is 210/ 010/ 001; 
the published morphological data ( P AI,'\cm: cl 11.\., 1963) refe r red 

to a C unit cell with li double c and the matrix which transforms old 

to new (P ) indices is % - %0/ 010/ 00%. 
A struetural study or stereol'ite ( FERRARIS & ...... RANcnINI-ANOELA, 

1974) shows that the {OJO} t-winning is mnde easiel' by li lllarked 
pse udo-molloclinie symmetry of the erysUlI structure; C2/ m symmetry 
is a.lmost pel'fectl;r obcyed wit.h the exceptioll or tll C amllloniulll group 
which is ronghly equiwl lent to a \Vater molecule (on geometrica I bases 

only). 
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Conclusions. 

Cri ticism of publishcd chem imll analyses and ne\\' crystallogl'aphic 
da.ta proves the iden tit.y between ste rc-orite and NaNH ,HP04 . 4H20. 
Also, ScuAscm:K 's (1914) asse l·tion of di fferent (even ii apparently 
eq ual ) symmetl'ies for NaNH 4 HP0 4 .4H:!O ami NaNH 4 HAs04 • 4H 20, 
which could Icave doubts about the isostructu rali ty of the two com
pounds, is disprovcd by the present research; such a property is 
bascd on chemical for mulac, morphological data ( P .u.,ICBE et a l. , 1963), 
unit·cell pilramcters ami, mainly, on X-rity powdcr spectra alld Weis
senbel'g protographs. 

Ruearcll /wpparted b.1I tlle Cmlsiglia N/Ii~ianf)le delle R icercll e, Rom/l. 

D ANA J. D. ( 1875) 
Ne\\" York. 
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