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The systematic exploitation
of D-glucal chemistry has
resulted in ready access to
a large variety of dihydropy
ranones. Such compounds
constitute highly versatile
chiral building blocks, since
their chiral centres may
either be incorporated intact
in the target molecule or,
alternately, utilized for the
creation of further chiral
centres by enantioselective
or, in many cases.enantio
specific addition reactions.
Particularly useful examples
along this vein are contained
in the scheme, impressively
documenting the role of

D-glucal triacetate as a key
intermediate for the prepa
ration of

CD six-carbon chiral
building blocks in open
chain

® furanoid form

@-CV pyranoid form,
the latter undoubtedly
providing the highest
versatility.
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our MS-INFO.
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TABLE 1

Theory, methods and techniques used in flow injection analysis

Category

Theory

Spectrometric methods
Spectrophotometry in solution

Atomic absorption spectrometry

References

1,10,14,20,33,39,65,71,72,73,74,75,142,
146, 150, 151, 153, 155, 156, 176, 181, 183, 197,
257, 296,339,343,345,353,363,372,376,378,
422, 430, 500, 501, 526, 541, 554, 566, 608, 639,
663, 664, 665, 667, 688, 701, 702, 714, 802

1,2,3,4,5,6,7,9,15,17,18,19,21,22,25,26,
27, 28, 30, 32, 34, 37, 38, 42,48,49,51,53,54,
57, 59, 64, 69, 71, 78, 79, 81, 85, 89, 90, 91, 92,
93, 94, 95, 96, 97, 98, 101, 104, 106, 109, 110,
114, 116, 117, 118, 119, 120, 121, 122, 123, 124,
125, 126, 128, 129, 130, 132, 133, 13~ 13~ 138,
139, 145, 147, 148, 152, 154, 157, 158, 160, 161,
162,163,164,166,167,169,171,174,175,177,
179, 180, 182, 183, 186, 189, 190, 191, 196, 197,
199, 202, 203, 207, 212, 220, 221, 224, 226, 228,
23~ 233, 234, 235, 236, 237, 238, 239, 240, 241,
243, 245, 246, 252, 253, 256, 258, 259, 261, 262,
264, 266, 267, 268, 272, 273, 274, 275, 277, 279,
281, 284, 286, 293, 294, 295, 299, 303, 304, 305,
311, 312,319,320,321,325,326,328,334,339,
341,346,348,349,350,351,357,361,362,363,
365, 369,371,375,378,379,384,387,388,390,
391,394, 398, 40~401,40~403,408, 409,413,
415,420,422,423,424,425,430,432,433,442,
443,444,447,454,457,459,461,462,463,467,
470,474,477,480,481,485,486,493,494,495,
496, 499, 508, 511, 514, 517, 520, 52~ 52~ 533,
544, 546, 548, 549, 551, 555, 556, 557, 560, 564,
567, 568,570,573,575,577,579,581,585,591,
596,597,600,601,602,603,604,608,609,610,
614,615,619,623,624,625,626,627,629,631,
632,633,634,635,636,637,638,640,641,643,
647, 648,649,650,662,669,670,671,672,673,
679,681,682,686,688,691,695,696,697,699,
701, 710,711,721,722,723,725,727,729,730,
733, 734,737,740,741,742,743,749,750,751,
753, 755,756,757,758,759,762,766,767,768,
769, 771,773,774,775,782,786,787,793,796,
801, 802
43, 62, 66, 108, 114, 127, 137, 145, 184, 195,
208, 223,227,263,331,339,352,353,372,383,
395,396,397, 414,421, 42~436,43~445,458,
471, 47~489,497,513, 52~ 527, 535, 543, 550,
56~ 576,579,583,614, 617, 62~62~ 651, 68~
68~ 693, 707, 715, 734, 735, 736, 738, 73~ 75~

777,780,790,791,792
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carried to completion or are measured in the kinetic mode, thus precise
temperature control and efficient heat transfer are mandatory; temperature
variation of less than ±0.2°C in the reaction mixture is the usual aim. Calcula
tion of heat transfer through the relatively thick walls of a plastic tube to a
0.5 mm diameter column of intermittently flowing liquid proved to be sur
prisingly difficult. Some simple experiments were therefore done. A coil
(1.5 m) of PTFE tubing (0.5 mm i.d., 1 mm o.d.) was immersed in a water
bath and the temperature of the emerging water was measured with a small
thermistor probe. With the water bath held at 30°C and water at 20°C
pumped continuously through the tube at 4 ml min-1

, the temperature of
the emerging stream did not rise above 28°C. If the pump was halted for 30 s
and restarted, the temperature of the emerging stream rose briefly to almost
30°C and then fell back to 28°C. Temperature fluctuations of this magnitude
are unacceptable so the behaviour of metal tubing was examined. When
PTFE was replaced by stainless steel tubing of the same dimensions, the
temperature fluctuations became acceptably small. For subsequent work,
the stainless steel tubing was embedded closely in a round-bottomed spiral
groove machined in the surface of a cylindrical aluminium bar. The bar was
heated by a cartridge heater and its temperature was controlled by a com
mercial 3-term controller.

Problems then appeared with the simple free-standing colorimeter originally
in use. Unless care was taken to match the temperature of the cuvette
with that of the reactor tubing, there were severe refractive-index effects
which produced spurious signals. In addition, for enzyme assays it was
necessary to hold the reaction mixture in the cuvette at controlled tempera
tures. Therefore, in the final version, the cuvette housing of the colorimeter
was embedded in the cylindrical heater block and the reactor tubing was
wound outside. The effectiveness of this was demonstrated by using the
thermochromic solution devised by Blume [14] and Bowie et al. [15].
This is the only practicable way of measuring the temperature inside these
small cuvettes.

Several simple colorimeters were constructed. All were single-beam
instruments with tungsten halogen sources, fed from stabilised variable
voltage power supplies. Tungsten halogen lamps were chosen because they
have a useful output in the long ultraviolet and most measurements of
enzyme activity are made at 340 nm. The detectors used are photodiodes
and if an output to a millivolt recorder is all that is needed, photodiodes
with built-in pre-amplifiers are adequate without any additional amplifica
tion. Interference filters are used and these must be multilayer filters of
very good quality for work at wavelengths below 450 nm.

SLOW REACTIONS

Achieving long incubation times is no problem when samples spend perhaps
10 min inside the machine as in most conventional machines, but the resi
dence time is nearer 10 s in a basic flow-injection system. Of course, the
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approaches, as the integration period for continuous aspiration could be
made much longer. Yet careful control of the carrier flow rate and the
natural aspiration rate of the nebulizer, makes it possible to achieve com
parable detection limits. An important advantage of flow-injection sample
introduction is that much higher salt concentrations can be tolerated [13] so
that actual detection limits can be lowered by introducing more concen
trated sample solutions. Zhou et al. [14] have reported an increase in
sensitivity by introducing sample solutions containing 8% iron instead of the
1% needed with conventional aspiration.

This feature has been utilized here in the determination of trace elements
in soluble fertilizers. Sample solutions containing as much as 40% (w Iv) urea
or potassium hydrogenphosphate were analyzed for copper with a flow
injection/flame a.a.s. system (as reported earlier [1] except that a peristaltic
pump was used). As the tolerable concentration was limited to 10% with
conventional sample aspiration, a three-fold gain in sensitivity was obtained
for the flow-injection mode using 150-pl samples. The 40% solutions could
be injected sequentially for extended periods without any sign of blocking
the nebulizer or burner, and without affecting the precision, whereas con
tinuous aspiration extinguished the flame in about 5 min (Fig. 1).

Dilution systems
With a single-line flow-injection system, the sensitivity of any deter

mination can be suppressed by decreasing the sample volume without affect
ing the sampIing frequency, but there is a practical limit to this approach.
More effective flow-injection systems for dilution have been proposed to
simplify volumetric manipulation when samples with off-range concen
trations are involved [13, 15].

In the system of Mindel and Karlberg [13], part of the flow stream
containing the dispersed sample zone is withdrawn from the conduit and

0.05 a b c

60s

A

scan_

Fig.!. Determination of copper in aqueous 40% (wjv) urea solutions in a single-line flow
injection system with an aqueous carrier at 5 ml min-I (sample volume 80 Ill; copper
content in urea 1.25 Ilg g-l). (a) Recordings obtained at the start of a series of injections;
(b) recordings after 100 successive injections at 15-s intervals; (c) recordings by con
ventional aspiration of a 10% (wjv) solution of the same sample (highest concentration
tolerable ).
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replaced by an equal amount of carrier diluent downstream at the same flow
rate. In the system proposed by Reis et al. [15], more effective dilution was
achieved by a zone-sampling process; the dispersed sample zone flows into
a second sample loop on the injection valve instead of flowing directly into
the nebulizer. By precise timing, a predetermined "slice" of the dispersed
sample zone is sampled for a second time on a turn of the valve and dis
persed again in a second carrier before entering the nebulizer. In the deter
mination of potassium in plants by flame photometry, Reis et al. were able
to achieve 100-fold dilutions of the plant digests at a sampling frequency of
120 h- 1

• The flow-injection dilution system will be very useful in cases
where multi-element determinations requiring different degrees of dilution
are needed in a single plant digest or soil extract.

MERGING-ZONES SYSTEMS AND CALIBRATION TECHNIQUES

The merging-zones principle is extremely useful in saving reagents; instead
of maintaining a constant reagent flow, the addition of reagent is controlled
to merge with the sample zone only. A merging-zones system was proposed
by Zagatto et al. [16] for the determination of calcium and magnesium in
plant materials by flame a.a.s., where the addition of lanthanum as a
releasing agent was necessary. The consumption of lanthanum was decreased
dramatically to only 1% of the amount needed in conventional operation.
This was verified in the authors' laboratory with a similar system [1] for the
determination of calcium and magnesium in soil extracts and plant digests.

The merging-zones principle was also used for the addition of internal
standards by Jacintho et al. [17] for the Lc.p./a.e.s. determination of cal
cium and magnesium in dolomitic limestones. Zagatto et al. [18] applied the
principle to develop a multi-element i.c.p./a.e.s. procedure based on the
generalized standard addition method. The manipulations for standard add
itions involved in these applications were significantly simplified.

Calibration techniques based on f.i.a. in connection with flame a.a.s.
detection have been studied extensively by Tyson et al. [19-21]. Apart
from the standard addition mode of calibration achieved by merging zones
as mentioned above, various other calibration modes were proposed. The
exponential flask calibration method is based on the use of the well-defined
exponential concentration/time profile generated by the passage of a step
concentration change through a mixing chamber. When the response of the
detector is recorded as a function of time, the resulting curve can be used as
a calibration graph and only a single standard is needed for the calibration
[19]. In the interpolative standard-addition method proposed by Tyson
[19, 20], the sample is used as the carrier stream and the standards are
injected into this stream; standards which have a higher concentration than
the sample produce positive peaks whilst those which are of lower concen
tration produce negative peaks. If the interference effects are within certain
limits, identical concentrations of sample and standard produce no peaks.
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Fig. 2. Peak recordings of the response of the ion-selective electrode: (1-3) with solie
glass beads in column III; (4) with chelating ion exchanger A in III. The volume of columr
III was 250 J..tl. Sample volumes: (1) 500 Ill; (2) 100 Ill; (3) 50 Ill; (4) 50 Ill. The sampll
concentration was 1 mM Cu(II) throughout.

Fig. 3. Calibration graphs for the copper ion-selective electrode in the flow system
(a) with continuous pumping of the samples; (b) with 50-Ill injections; (c) with 5-m
sample injections; (d) with 25-ml sample injections. The abscissa graduation refers to thl
sample concentrations. For (a) and (b), column III was removed; for (c) and (d), columr
B was in position III and conditions were as in Fig. 1.

largest injection volume. Curve 4 in Fig. 2 is the peak obtained with the che
lating ion-exchanger in place. The metal ions were collected on the columr
and eluted with acid. It can be seen that the eluted peak is sharper than ar
unretained peak because of the dispersion-decreasing action of the ion
exchanger. The logarithmic response gives an exaggerated visual impressior
of the tailing.

Different combinations of acid and buffer strengths were tried. The com
bination which was used in most of this work (0.5 M HN0 3/1 M acetatl
buffer) was capable of eluting more than 95% of the copper ions from th
ion-exchanger with a slope of 31 mV/decade. Stronger acid (0.72 M HN03

2 M acetate buffer) gave more complete elution but with a higher slop'
(41-43 mV/decade). The slope does not change with ionic strength in ;
steady-state experiment in chloride-free solutions [16], but this does no
hold for the transient response because of the changes in response tim
[10]. It should be noted that the transient slopes are obtained from th
peak heights above the response towards the background and that an in
creased slope therefore corresponds to lower peaks at the lowest concentra
tions. The condition of the electrode surface and the silicone oil treatmen
[8] is of course also important for the slope of a dynamic calibration curv€
A value of 37 mV /decade was obtained on one occasion with the 0.5 f\
acid/1 M buffer.
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