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CHAPTER 4



SIGNIFICANT FIGURES



'Thc numbcrs that we dcal with in gencral chcmisrry can bc dividcd into two broad catcgorics. Somc numbtrs arc' by thcir naturc, cxact' Whcn wc lay thai thcrc'arc'&ao cruciblcs ory'r.'a bcakcrs in a laboratory tockcr. *c indicatc cxactly how many such itcms vic havc' ' Othcc numbcrs arc increctl whcn wc'rcfer to a "100 ml bcakcr," wc do not imply thar ir has a volumc o[ cxactly 100 millilitcrs- I[ wc fill thc bcakcr with watcr we may find that it holds as tittlc as 90 ml or as much as I l0 ml' . Animponant tyPc of cxact numbcr is onc that is uscd to rctatc units within thc samc mcasuring 3ystcm. Whcn wc say that:



Itt - 12in lA - I x l0-'crir 12 and I x t0-' irc cxact; ahcf arisc bccausc of thc way thc inch and thc Angstrom (A) arc dc6ncd. On thc othcr hand, thc numbcrs which arc uscd to relatc units in two diffcrcnt mcasuring systcms arc in' exact. Forcxamplc, whcn wc say that



thc numbcrs



I in'=



2.54 cm



wc do not mcan that onc inch is cxactly cqual to 2-54 ccntimetcrs. Thc two units, thc ccntimctcr and thc inch. arc dcfincd indcpcndcntly of onc anothcr; thcrc arc apprctiiakl12.54 ccntimctcrs in onc inch' Numbcrs which arisc from cxpcrimcntal mcasurcmcn(s arc always incxact. Thc unccrtainty in a measurcmcnt dcPcnds uPon thc skill of thc



w6 p616 cxpcrimcntalist and lhc scnsitiyitl of rhc instrumcnt hc uscs. If askcd to wcigh out a samplc o[ sodium chloridc on a triplc bcam balancc,
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we migh( bc ablc ro cstablish its wcight to within 0'01 g' would rcPon that it wc-ighcd



Pcrhaps wc



1



2.65



+ 0.01g



lf wc nccdcd to know the mass morc accur:rtcly, wc'could usc a batancc



with a sinsitivity of 0.001 g, in which casc wc might find that the ramplc wcighcd:



+



0.001g



..?.632 Analyticalbalanccscapablcotwcighingto+O'0OOIgarcrcadilyavailabtc; ,rsir,i such a balancc, wc mighr rcPof thc mass to bc: 2.6518



I



*



0.0001 g



thc validity From thc standpoint o[a pcrson who is trying to estimatc that imponant is it laboratory, anothcr in it ,.p.", of an.cxpcrimcnt.or-to *. rpi.iry ,t. ,rnc.n"ir,ty associatcd with e mcasurcmcnr' One way to do thc *0'01' t,ti, i. ,o ."...,hc'+ notaiion just'shoirn' .Frcqucntty' wc omit rcPon: gn, simPlY and *0.00t, and so



2$is;



23529i



2-6518 g



qil !igi/,' ' with rhc undcrstanding.rhat there is an urctlainty o! ont unit ;a $c wc irnpty il;; ;. say tha( " srlplc of sodium chloride wcighs'"2'65'g"' g' rhat its mass is bctwccn 2'64 g and 2'66 Thcprccisiono[mc,sur-cmcntssuchasthiscanalsobcdcscribcdin rhat in "2'65 g" thcrc of signiGcant 6gurcs' wc -slY is cxpcrimcntally sigdigits rhrcc arc thrcc signiFcant 6g,,..s; cach ofthc guotcd ro 4 and 5 arc g" "2'6518 g" and ni6cant. Thc masscs "2'6i2 highcr dcgrccs of' succcssivcly implying r.rp..,i'.lyl ;;;.;",'il,rr.r



,..-, oi,i . numbcr



prccision.



vcry usclul onc in Wc shall 6nd thc conccPr of rigniEcant figurcs a but mcasurcmcnts' of individual only nor .rp..rring rhc rcproducibiliri'. In this chapmcasurcmcnts' upon bascd 5uch quantitics or;"i'.rrt"tcd "tJo *. ,t rtt b. corrccmcd sirh rhc usc of significant figurcs as a mcasurc of ,"r. wc will- Prcscnt a morc cxpcrimcnral prccision' Larcr. in Chaprcr ll' lrc.trrEr[ of rhis toph bard on raristical principlcs' sophisticatcd



4.1 COUNTING SIGNIFICANT Frcgucntly,



*r



FIGURES



sigert laccd rvith ttrc pro'blcm of dcciding how-many



nificanrngrrr.t,-h.r.ertirrenumbcrwhi:lrariscsfromaricxpcrimcntpcr'
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formcd by anothcr pcrson. [n many casct. lhcrc is no ambiguity' Whcn wc 6nd in a tablc thc atomic wcight of catcium listcd as {0'08, wc trust that it is known to four significant 6gurcsWhcn cithcr thc 6rst or thc last digit in an cxpcrimcntal quant itv .is zcro. thc numbcr of significant figurcs may noi bc immcdiatcly obwious. Cammon scnsc is an invaluablc guidc hcrc. Whcn wc 6nd thc atomic wcight of krypton listcd as 81.80, it should bc clcar that.it is knowh to lour significant figurcs. If thc zcro wcrc not signiEcant. thcrc rvould brc no rcason for inctuding it. Writing '81.80" implics that thc iruc valuc o[ thc atomic wcight of krypton tics bctwccn 8J.79 and 81.8 I ' In a slightly lcss obvious casc, supposc wc arc told that thc volume of a ccrtain objcct is 0.02461 litcrs. Is thc zcro immcdiately to thc right o[ the dccimal point significan(? A momcnt! rcflcction should convincc you that it is not; in this casc, rtc 
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